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ABSTRACT

Efficient performance and high throughput are the major goals of the network

performance management. How can we achieve these goal? First, it is necessary to know

the network traffic situations. This thesis research implements a network traffic query

utility for users to monitor the network traffic situations. There are several network traffic

situation repo.ts available for users to understand the traffic situation over the network. The

network users also can query the network/system status of their respective computer hosts.

This information would help users to diagnose the network problems. Realizing the

network traffic situation, manager and users can schedule the network applications,

reconfigure the network configuration, or ieallocate the network resources to improve the

network performance and throughput The Naval Postgraduate School campus network

will be used as an example to demonstrate and illustrate the usage of this network traffic

query utility.
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I. INTRODUCTION

A. BACKGROUND

Computer network is an important branch of the Computer Science. It provides an

environment for the users to share the computer resources. It enhances the availability and

utilization of the computers. Users can exchange mails, transfer files, perform remote

execution, login from a remote terminal, etc.. Network performance is a primary factor that

concerns the users. High performance is desirable for better productivity since many

distributed tasks share the network. What is the performance measures of the computer

network? Performance of a network can be measured by three main indicators: availability,

response time, and accuracy. The measurement of response times on a network is dictated

by the performance of each node and the traffic of each link.

The global TCP/IP Internet interconnects millions of network nodes at many

institutions over the world. It offers the environment for significant collaboration through

network services and electronic information exchange. Its functionality depends on

reasonable behaviour of every network end-users, smooth operations of the hosts and

routers in the Internet. It is highly useful to observe the network status and statistical data

on the remote hosts from a local computer host. According to this useful information, the

network end-users and computer system administrators can make decisions for proper

operations. Therefore, the performance and productivity of the network will be enhanced.

B. OBJECTIVE

This thesis research attempts to develop a program that can monitor and measure the

traffic load of a network either locally or remotely. The results of this research can be used

as a tool for network managers or system administrators to monitor the network

performance. They can use the traffic status of the network to adjust workload through

scheduling or routing to improve the performance of the network. The status is also



available to the network end-users. The network end-users .an watch the traffic load and

decide when and how to use the network for their applications. Selecting a proper time

when the traffic is low can avoid the network traffic jam. Choosing a proper network

configuration or network profile would help a better distribution of the work load.

C. OVERVIEW OF THE NETWORK TRAFFIC MONITORING

IMPLEMENTATION

This program is written in the C language. It uses the socket data structure provided

by the Berkeley Unix system as the interface between this network application program and

the network communication protocol software [Ref 51. The TCP and UDP protocols are

available for users to measure the network traffic status in the Internet network

environment. This application program provides tools for the network manager or system

administrator to query useful information about the specified network hosts. It also allows

them to test the reachability of different network nodes and to know the immediate traffic

status in a star topology. The manager sits at the center, and the links to those nodes

specified in the network configuration file are observed. This is a natural preprocessing

before dispatching distributed tasks over a network, and it is the baseline for network

performance management. The program also provides the network configuration profile

query, and it reports the traffic status of the current hot spots.

D. ORGANIZATION

This thesis is organized as follows. Chapter II provides a survey of the network

performance measurements. We will discuss the characteristics of the computer network

performance and network management. Two important issues discussed in Chapter II are:

(1) how to obtain and (2) how to use the observed information to manage and optimize the

network performance. The development of the network performance monitoring program

will be introduced in Chapter II. In that chapter, we will specify the architecture of the

network performance measurement and its methodology. Testing data are collected and
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analyzed in Chapter IV. Chapter V gives conclusions and recommendations of possible

further works on network performance management.



II. NETWORK TRAFFIC MONITORING AND PERFORMANCE
MANAGEMENT: A SURVEY

A. OVERVIEW

The use of computer networks have an explosive growth since 1980s. There are many

universities, companies, government and military sites communicate and exchange

information over the connected Internet (Ref 11. The Internet becomes worldwide network

fur the computer users. The traffic status of the Internet is of great concerns to the users.

Why is the network traffic status great concerns to the network users? Performance is

an important issue. High volume network traffic causes a slow response time to network

applications. Knowing the network traffic of Internet, the users can select links of lighter

traffic load for those applications that require efficient and reliable communications. If the

network traffic status can be monitored, the network would be used more effectively and

efficiently.

How can one achieve the goals of the network performance management? There are

several methods to improve the performance of the network. One naive approach is to pay

for the incremental costs of hardware/software capacity mid capability as situation arises.

Alternatively, one can monitor the network traffic. By avoiding the network traffic jam and

using the network idled resources, users can effectively improve the performance.

B. NETWORK TRAFFIC MONITORING

The network traffic monitoring is a fundamental aspect of the network management.

Two types of traffic monitoring are possible: error detection and baseline monitoring.

Network errors should be detected and investigated. In practice communication errors must

be logged over time. Furthermore, logging error rates as a function of network traffic rate

can be used to show the congestion effects. Daily traffic monitoring may reveal the
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operational baseline of network nodes. The baseline determination and traffic monitoring

are the keys to early fault detection [Ref 21.

The preliminary step of the baseline measurements is to measure the utilization of the

network. Under the utilization measurement, the network problems are most likely to arise,

and the network tuning efforts are most likely to -e beneficial.

It is worth to develop a source/destination traffic matrix. There. a breakdown of traffic

between the local host and other Internet sites are shown. The volume, type and time of the

network traffic should be logged. The sudden increases in the variance of delay or the

volume of routing traffic should be of concern. The variance in utiliLation and delay should

be tracked as well. They may indicate some problems occurred in the network.

C. NETWORK PERFORMANCE MANAGEMENT

Performance management encompasses two different activities [Ref 2]. One is passive

network host monitoring to detect problems and determine operational baselines. The goals

are to measure network host utilization and locate the bottlenecks, since bottlenecks should

be the focus of the network manager for the network performance tuning. And the

performance report is usually required by the upper level management to justify the costs/

benefits of communication systems.

Another aspect of performance management is related to active performance testing

and capacity planning. Although there are many complex analytic models of network

communication available, they do not usually provide correct information on the network

performance. Most analytic models of computer network are based on some assumptions

on the network traffic load distributions and service rate. Hence, for realistic situations one

have to actually measure the network performance which is often costly.

The network performance is usually influenced by the load characteristics of specific

applications. Simulation is a good method for network traffic measurement. The traffic

simulator generates the actual traffic and trace this traffic over the network. Two guidelines

are used for the capacity planning [Ref 2]. A rough estimate of the network host or gateway
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capacity is used. A 50% network utilization is assumed so that one can avoid excessive

queuing delays.

D. NETWORK PERFORMANCE MANAGEMENT SURVEY

Network performance management should provide timely information of network

node names and domain information, network nodes traffic status. and network statisucs

infonnation. These information will help the network end-users and the network manager

to use the network effectively.

1. Name and Domain Information

The network application generally needs an Internet address to open a connection

or send a datagram. However users prefer to use the symbolic name rather than the IP

address. Name servers on the network should provide the translation tables for mapping

between [P addresses and symbolic names.

The domain information is not limited to finding out Internet addresses. Each

domain name should be an item in a database. The item can keep records which define a

number of different properties [Ref 3], such as: Internet address, computer type. and a list

of services provided by a network host. The user can ask for the specific piece of

information, or information of a given network host name or alias.

The Internet defines the operation of the name of domain servers and the protocols

used to make queries of them. Basically, the name and domain query are the official way

to retrieve and evaluate the network host name. These can be done by the network utilities

via the name servers and domain servers.

Through the name/domain query, the network users can easily get the network

node information. Otherwise, they may go through many network sites to get the node

information. These will increase the total load of the network and waste the users' time,

From the performance viewpoint, the availability of proper name/domain information can

release the traffic load of Internet and indirectly enhance the performance of the Internet.
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For the network users, the name/domain information query can provide an useful

information and saving of time.

2. Network Node Traffic Status

Network traffic status can report the traffic congestion of the network. The traffic

depends on the capacity of the network and the applications invoked by users. If there are

many network applications exceeding the capacity of the network, the network congestion

will occur. Otherwise, the network traffic should be smooth if there are only a few network

applications existing.

How can we measure the network traffic over the Internet? The basic approach is

to do network traffic simulation. A special packet will be sent by the traffic generator over

the netwoik. The round trip time of the packet to a specific network node of interests will

be measured. This round trip time can indicate the network traffic status.

Two types of network traffic monitoring are the real time traffic query and the

long term traffic trend analysis [Ref 41. The real time traffic query provides the facilities

for users to measure and understand the current traffic situations of the hosts specified by

users. The long term traffic measurement will collect the traffic status of the network hosts

for a duration. The long term traffic analysis allows users to find tendency and bottlenecks

of the network traffic status. This information is available to the network manager as a

network performance reference. The network manager can tune the network according to

the information provided by the long term traffic status measurement.

There are two methods to measure the traffic load: specific network host query

and network configuration profile query. The specific network host query reports a single

specific traffic load of a link. Alternatively the users may concern some hot sites in the

Internet. They can put the symbolic names or [P addresses of the hot sites into the network

configuration profile. The network configwation profile query is available for users to

measure the network status between the management station and several hot sites.
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3. Network Statistics Information

The performance of a computer host is important for the network user. It will

directly impact the network performance. The network statistics information of users' hosts

should be offered to the users and network managers. It will include two parts: the network

status and the system status of host. The network status will display the contents of various

network-related data structures and information. It includes the tour major information: ( 1).

a list of the activities for each network protocol, (2). network data structure. (3). network

routing table, and (4). cumulative traffic statistics. Through these network status

information, users and network managers can reveal the current network situation in their

hosts.

The computer host system status will let users understand the current status of

their computer host. It provides the following information for user and system manager: I.

a report about processes, virtual memory, disk, trap, and CPU activity, and 2. terminal, disk

I/O activity, and CPU utilization.

These information will let the system managers diagnose the computer host and

do some adjustments to get better performance. The users can also get the current system/

network status of the computer host, and they may choose some actions to enhance theii

productivity over the network.

E. SUMMARY

There is a close relationship between the network traffic monitoring and the network

performance management. The network traffic monitoring reveals the congestion status of

the network, and it is useful to the users and network managers. Users may avoid the

network traffic congestion period when running applications over the network.

Consequentially, they can achieve a better productivity with a shorter response time. It also

enhances the total throughput on the network by distributing the network applications load.

The network managers can locate the network bottlenecks, tune the network, and reallocate

resources in configuration changes.



When tuning a network, there are two rules of thumb [Ref 21. First, there is the

principle of locality: a system will perform better if most traffic is between nearby

destinations. For instance, local networks use bridges to restrict local communications

within clusters. The second rule is to avoid creating the bottleneck over the network. In

other words, resources must be carefully allocated. One has to strive for the global

optimality whenever possible. These rules of thumb will help us to improve the network

performance.

Note that monitoring traffic is not without costs; measurement itself is an overhead of

the network load. There is a trade-off between accurate traffic status monitoring and the

network traffic load. Too much network traffic monitoring degrades the network

performance. A good performance management only monitors the necessary and sufficient

network traffic status.
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HII. DEVELOPMENT OF A NETWORK TRAFFIC MONITORING AND
PERFORMANCE MEASUREMENT PROGRAM

A. SCOPE

The program developed in this thesis will operate under the UNIX operating system

which provides the socket data facility. This program will monitor and measure the traffic

of network nodes selected by users. It can be run at any node on the Intemet. The program

uses several popular UNIX commands such as 'ping', 'nslookup*, 'netstat', 'iostat', and
'vmstat'. These commands can be used to collect useful network information for users and

system/network managers.

B. DESIGN CONCEPT

The network traffic monitoring and performance measurement program will setup the

facility for users, network managers and system managers, and obtain various network

traffic status and traffic statistics. Basically, this program will provide an interactive

environment for users to specify the scenarios of monitoring of their interests. The batch

mode also is available for some query functions. Similar to the concept of SNMP (Simple

Network Management Protocol) used in the TCP/IP environment, the program described

in this chapter can be installed at any host that acts as a NMS (Network Management

Station). In other words, this program is operated in a logical 'STAR' topology where the

monitoring program is polling managed nodes. The host computer where a user is sitting is

the center node. The users can directly monitor or measure the traffic status of specific

network nodes.

This program provides the network profile query facility and locates the hot spots in

a network in real-time mode or in long-term monitoring mode. The users may learn the

traffic situations of the network nodes of interests. Besides, this program can also provide

the capability for maintaining the network profile. With the monitoring results of a given
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network, users can adjust resource allocation, tune the network applications, or reconfigure

system components for better performance. Therefore. this program supports network

management in several aspects: fault management (by using 'ping'), configuration

management (by maintaining the profile), performance management (by monitoring

communication quality and response time.... etc.).

C. NETWORK TRAFFIC MEASUREMENT UTILITY

1. Overview

The network traffic measurement utility can be divided into three parts:

(a). individual host network status query, (b). network profile traffic status query, and (c).

network profile maintenance.

The first two functions query the network information and traffic status. Through

the queries one may learn important indicators of a network: node status and traffic status.

The third function maintains the network profiles and acts as a network configuration

management tool. Figure 3.1 displays the architecture of the monitoring system. Each part

of the network traffic measurement utility is discussed in the following sections.

2. Individual Host Network Status Query

The individual host network status query operation provides eight query functions

and utilities for users to obtain the network and host system information. These query

functions are described below.

a. Host Name and Address Query

This query function gives the 'name information' of a specific network node

that users are interested in. The users need to input the name or address of a network node.

The "name" of the network node can then be obtained. The "name" information includes

official host name, alias listing, address type, address length, and Internet Protocol(IP)

address.
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network
traffic

measurement
utility

quere query maintain

Individual network network
host status

network by profile

status network
profile

Figure 3.1 Network Traffic Measurement Utility System Arch~itecture

b. Internet Domain Name Server Query

Tht domain name serer T usinfoserver query' function uses the 'nslookup' UNIX

command to query domain name servers interactively. It contacts the name servers, request
information about a specific network node, and print a list of network nodes in a specific

domain. In thiis query the users can select the server, query type, and other domain name

server query settings. Some useful information can be printed for user's further

investigation. Additionally, users can get the detailed information of network nodes from

the domain name server. This useful information saves users' time in searching a specific

network node, hence it releases the traffic load on the Internet

The network domain and name server function extends users' ability to reach

network nodes over the Internet. This would help users to get the network information and

enhance the users' productivity over the network. It also reduces trying errors and the

traffic load produced by users on the Internet.
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c. ECHO Data Packet: Ping Utility

The 'ECHO data packet-ping utility' function provides two major network

information: reachability test and round-trip time measures. The round trip time includes

the time needed from the users' host to the specified network node and then echo back from

that specified node. This information will display the network traffic status between these

two network nodes. This function utilizes the ICMP protocol's mandatory

ECHO-REQUEST datagram to elicit an ICMP ECHORESPONSE from the specified

network node or network gateway. The ECHOREQUEST datagram has an IP and ICMP

header, followed by a 'struct timeval', and an arbitrary number of bytes in padded packet.

If the specific node echoes back, it indicates the reachability of that node. Other options by

the users when sending ECHO-REQUEST to target nodes, are routing types, verbosity,

and datagram sizing. When echoing, the target node sends back ECHORESPONSE.

These ECHOREQUEST and ECHO.RESPONSE messages indicate the node-to-node

network traffic status. They are helpful for users to know the traffic status from users' host

node to peer nodes of concern.

There are two execution modes for users to select: interactive and batch. The

users can directly input the ping command and its parameters in interactive mode. If users

are familiar with the syntax of the 'ping' command, they can select the batch mode to

execute the ping utility and get a faster response.

d. Show Network Status Utility

This function displays the contents of various network-related data structures

in various formats depending on the options selected. There are three types of network

status information: Active Sockets, Network Data Structures, and Cumulative Traffic

Statistics.

Active Sockets format displays a list of active sockets for each protocol. It

shows the local and remote address, the 'send' and 'receive' queue sizes (in bytes), the

protocol, and the internal state of the protocol. There are several Network Data Structures

13



reports available for users to select: 1. the statistics of the network's private buffer pool. 2.

the routing table, 3. the state of interfaces that have been auto-configured. Cumulative

Traffic Statistics format displays the statistics of packets transmitted on the network

interfaces. When the time interval argument is set by users, the network status utility

according to packets transferred displays a table of cumulative statistics on. errors and

collisions, the network addresses for the interface, and the maximum transmission unit. The

cumulative statistics format displays the network traffic statistics information since the

system was last rebooted. The first line summarizes the cumulative network traffic statistics

information, and every 24th line thereafter, from the time the system was last rebooted.

Each subsequent line shows the network traffic statistics information for the interval

specified by users since the previous line displayed.

As mentioned earlier, users may use the utility either interactively or in batch

mode. When running interactively, the users can select the parameters of the network status

utility and get the network status report they wanted. When the users are familiar with the

netstat' command, they can execute this utility in the batch mode.

e. I/0 Statistics Report Utility

The 'TO statistics report utility' function reports terminal and disk I/O

activity, as well as CPU utilization. The collected information includes cumulative statistic

since the latest reboot. If users set the 'internal' parameter for O/O statistics report utility'.

each subsequent report displays the 1/0 activities during the prior interval only.

This function utilizes the 'iostat' UNIX command collecting 1/0 statistics

from the kernel. The kernel maintains several counters. Each disk seeks, data transfer

completions, and the number of words transferred are maintained by these counters. For

terminals collectively, the number of input and output characters are kept. Besides, at each

clock tick, the state of each disk is examined, and a tally is made if the disk is active. The

kernel also provides approximate transfer rates of the devices. This utility allows users to

run it interactively or in batch mode. Information about the I/O activities can be used to
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detect abnormal conditions that may degrade the network traffic performance. One can fix

these abnormal conditions to improve the network performance.

f. Virtual Memory Statistics Report Utility

The 'virtual memory statistics report utility' function uses the 'vmstat' UNIX

command to report the process, virtual memory, disk, trap and CPU activities. If users do

not specify any parameter for this utility, this utility displays a one-line summary parameter

of the virtual memory activity since the system has been booted. If users set the time

interval parameter, the 'vmstat' will collect information about virtual memory during this

interval and list the summary. If the count parameter is given, the statistics listings are

repeated that many times.

There are other system information available for users. This utility can report

the number of proce. es in each of the three following states: (1). in 'ready queue', (2).

blocked for resources and (3). runnable or short sleeper (< 20 secs) but swapped. It also

reports the usage of virtual and real memory, the information about page faults, paging, and

activity. The number of disk operations per second and the trap/interrupt rate averages per

second over last 5 seconds are displayed in this utility report. The break down of percentage

usage of CPU time also is included in this virtual memory statistics report. Again, both the

batch execution mode and interactive execution mode are available. To run this utility in

batch mode one must know how to use the 'vmstat' command.

g. UNIX Command Utility

The 'UNIX command utility' function provides the interface for users to

execute the UNIX commands within this 'network traffic monitoring and performance

measurement' program without leaving the utility. The users may use the UNIX commands

or UNIX shell to execute the functions.
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h. File Transfer Measurement Tools

The 'file transfer measurement tools' measures the file transfer time from the

user's host to a specified network node. It stores the file transfer time and other information

in a specific 'collection file' or 'statistic file'. It can generate the file transfer statistics for

users to analyze the network traffic between two network nodes. The file maintenance

utility is available for maintaining the data files. This function can be divided into three

subfunctions: file transfer measurement, measurement data statistics report, and data file

maintenance utility.

The 'file transfer measurement' subfunction utilizes the file transfer to

simulate the network traffic between two network nodes. This subfunction simulates an

client/server architecture over the Internet. One requirement to run this option iq that both

the server and client must support the UNIX socket system calls. The users can select the

protocols. packet size for each data transfer, file size for data transmission, and

measurement times. The file transfer simulator uses the socket system calls to establish the

file transfer environment and transfers file from client to server. The file transfer option

supports two protocols: TCP (Transmission Control Protocol) and UDP (User Datagram

Protocol). The TCP protocol is a reliable connectionoriented data protocol which is

characterized by the need for reliable, sequenced de livery of data. The UDP protocol is an

less reliable connectionless data protocol which is a low-overhead. minimum functionality
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protocol. Figure 3.2 and Figure 3.3 show how the socket system calls works for the

connection-oriented protocol(TCP) and connectionless protocol(UDP):

Server

socket 0

bind 0

listen 0
i

accept o Client

blocks un I connection socket
trom~ent connection establishment,•' r

f-" ~connect()

read ()data (request)
S' l write 0

proces request

Jwrite 0data freply) mI ra

Figure 3.2 Socket System Calls for Connection-oriented Protocol (TCP)
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Server

socket (

i
bind Client

recvfrom socket

block ntil data bind..
received rom a dient

prcs reus

Figure 3.3 Socket System Calls for Connectionless Protocol (UDP)

The file transfer simulator follows the architectures described above and

transfer data from client to server. It samples the file transfer time. Before the simulation

starts, users must start the server, e.g. execute the 'receive' command, so that the client can

access later. Then users can activate the 'send' data command at the client side. When the

connection is established between the client and server, the file transfer is then started.

We now explain the mechanism of file transfer. The server sets the beginning

timestamp when it receives the first data(request) from the client. The server sets the ending

timestamp when it receives the last piece of data(request). These timestamp provide the

total time needed for the file transfer. This time includes the disk 1/O activities. The
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program subtracts the disk I/O time of the file writing from the time of file transfer with

disk I/O. One now obtains the time of file transfer without di-,k 1/0. Beside the time of file

transfer with disk I/O and time of file transfer without disk 1/O. the server program will

collect the file length received and the first timestamp of the file transfer. One file transfer

time data sample contains file length. beginning timestamp of the file transfer, the time of

file transfer with disk I/O and the time of file transfer without disk I/O. The server program

will send the file transfer time data sample to the client when it finishes receiving the file

sent by the client.

The client receives the file transfer time sample data and store it in a data file.

This file will be used to generate the file transfer statistics report. The file transfer simulator

will repeat the file transfer according to the measurement times. The number of sample of

the data file is the measurement of the times of file transfer simulation.

File transfer includes two processes: the data transportation over the network,

and the file read/write with the disk I/O. So the process of file transfer should include the

two different process time. One is the time for transferring file through the network. The

other is the time used to read/write disk. For example: The time of file transmission through

the network is 20 seconds. The time of disk 1/0 is 0.5 seconds. The total file transfer time

is 20.5 seconds.

If the file transfer time does not include the disk 1/0 time. one would need

only 20 seconds in the above example. The file transfers without disk 1/0 time is available

for users. too. This time is the time of file transmission through network. The file transfer

time with disk 1/0 and the time without disk I/O let user know the relationship between the

network performance and the disk file system. This is the primary reason to distinguish the

file transfer time with disk I/O from the file transfer time without disk 1/0.

The 'file transfer statistics reports' subfunction generates the statistics for

users to analyze the network traffic situation between the client site and a server. This

subfunction utilizes a collection fill- collected by the 'file transfer measurement'

subfunction. First. the users need to specify which node they want to analyze. This
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subfunction will check the node and its statistics files. If they are available, it will generate

the statistics. When running interactively, one must enter parameters, such as the name of

information file. The naming of the file transfer time information follows the lormat of

protocol-buffersize.filesize'.

The users also need to set the sampling frequency and the sample size. The

time interval of the file transfer let users specify a time period during which the program

collects the statistics. Different sample number and time interval generate ditferent

statistics reports. They provide some useful file transfer information and network traffic

situations for users to analyze toe network performance.

The file transfer statistics report shows the basic file transfer information to

users: the server address, file name, file length, number of samples, and the time period. It

also shows starting time and the ending time of the file transfer, the distributions of the file

transfer simulation in the time periods, and the measurement time. At last. the maximum.

minimum, mean. variance, and standard deviation of file transfer time are all calculated and

shown.

The 'data file maintenance utility' subfunction setups two kinds of files used

in the 'file tramsfer measurement tools function. The first type of files are the data files used

in the file transfer tesiing. These data files can be of different lengths and can be maintained

on demand. Another type of files are the 'file transfer simulation result' (FTSR) files, or

resulting files in short. A FTSR file is generated by the file transfer simulator which logs

the file transfer time. The file transfer simulator will make different server subdirectones

according to the IP address of servers. These FTSR files will be stored in the corresponding

subdirectories depending on which server the file transfer simulator measures. If the FTSR

files of one server are no longer needed, the users can delete them by entering the symbolic

name or IP address.

In general. the 'file transfer measurement tools' function allows a user to

monitor the network status between a client and a server. It provides the real-time or precise

network traffic information during the simulation. The measurements include the file
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transfer time, its distributions, and the variance of the file transfer. Note that the file transfer

simulation itself is a workload to the network and will increase the network congestion.

Therefore, to relieve the traffic load this function cannot be used too often. Instead, one

should use the simplified 'ECHO data packet' or 'ping' if only brief overhead network

traffic is of concern.

3. Network Profile Traffic Status Query

A network profile is a text file representing the network's configuration. Each

record in the file represents anode and contains either the symbolic name or the IP address

of that node. The 'network profile traffic status query' function can be invoked in batch

mode using the network profiles specified in the shell. The executing host measures the

network traffic status originating from it to all the nodes specified in the profile. In other

words, any installed node can act like a network managcment station. For distributed

systems, one can install it in several nodes and remotely invoke them. The main function

of network profile is to support the configuration management in a network. According to

the configuration specified in the profile, this query provides the users information gathered

from the UNIX command 'ping'. Note that the 'ping' command uses the ICMP protocol

[Ref. 81. The ICMP protocol's mandatory ECHO_REQUEST datagram elicits an ICMP

ECHORESPONSE from the network node or network gateway specified in the network

profile. It brings the information about the IP header, the ICMP header, datagram round trip

time, and the length of data which are padded to the ICMP datagram. The information

collected by the 'ping' command is then processed and summarized by the 'network profile

traffic status query' function in reporting reachability and performance rating of the

network nodes specified in the network profile.

There aree three primary traffic status query utilities in the 'network profile traffic

status query' utility: (1). reachability test, (2). traffic statistics and (3). network node traffic

status rating. These three primary query utilities are now discussed as follows.
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a. Reachability Test

The 'reachability test' function uses the symbolic name or IP address of each

network node specified in the network profile to test whether a connection to that node is

possible. The returned messages show that the specified network node is alive if the host

receives the ECHORESPONSE datagram. Otherwise, there is no reachability between the

host and that specified node. One can select specific network profile according to the

network configuration of one's concern. The "reachability test' is usually run in interactive

mode. The reachability of a network node provides the basic network status to users. Any

other application must start with the reachability test.

b. Traffic Statistics

The 'traffic statistics' function collects the traffic status and generates the

traffic statistics reports from the nodes specified in the network profile. It can generate two

reports: real-time network traffic statistics and the long-term network traffic statistics. The

real-time option runs interactively according to the network profile supplied by the users.

Having confirmed the network profile, users must specify the length of data which will be

padded to the ICMP datagram and the count number that will be used to generate the

network traffic status. The meaning of these parameters will become clear in the subsequent

discussions. However, there is a trade off between the datagram length and the count

number. If users want to get more precise network traffic status, they can select the larger

datagram size and larger count number. But this combination will cause the network to

spend more time in measurements and to increase the traffic load. For a rough estimate.

users can select a smaller datagram size and count number. Users can also list the network

traffic messages generated by the 'ping' command. The 'real-time network traffic query'

starts its execution when all the parameters are given. A record in the traffic statistics report

contains seven fields: 'transmitted packets number', 'received packets number'. 'received

packets percent', 'minimum round-trip time*, 'average round-trip time', 'maximum round-
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trip time' and 'network node'. An example of the real-time network profile traffic statistics

report is shown in Figure 3.4.

Traffic Statistics Report

transmitted received received minimum average maximum network
packets packets packets round-trip round-trip round-trip
number percent percent number number number node

5 5 100.00 0 2 10 nps
5 5 100.00 0 0 0 ece
5 5 100.00 0 8 10 oc
5 5 100.00 20 26 30 cc
5 5 100.00 0 2 10 pegasus
5 5 100.00 0 0 0 cs
5 5 100.00 0 2 10 taurus
5 5 100.00 - - - rover
5 5 100.00 0 2 10 csrg
5 5 100.00 10 10 10 131.120.57.2

Figure 3.4 an Example of Real Time Network Profile Traffic Statistics Report

The 'transmitted packets number' specifies the number of ICMP ECHO_

REQUEST datagrams transmitted from manager's node to a managed or monitored node.

This number is set when the users specify the 'count' number. The 'received packet

number' tells users how many ICMP ECHORESPONSE packets are received from the

managed node. The number of received packets indicates the quality of data transmission:

the more packets that get echoed back from the other side one, the better the connection will

be. The 'received packets percent' is the ratio of the 'transmitted packets number' and the
'received packets number'. This measures the stability and quality of the network

communications. The higher the better. If the ratio is less than 70%, a mark of' *' will be

shown. Alerted by the '*' mark, one would pay attention to that specific network node.

The 'minimum round-trip time', 'average round-trip time', and 'maximum

round-trip time' will show the range of round-trip time. The round-trip time is the time

spent to send the ICMP ECHO-REQUEST datagram to the specified network node and
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receive the ICMP ECHORESPONSE datagrarn from that specified node. The 'minimum

round-trip time', 'average round-trip time', and 'maximum round-trip time' represent the

minimum/average/maximum time of the round-trip time, respectively. These measures

provide the basic information on the distribution of round-trip time. If the specified network

node cannot be reached, there is no information on minimum/average/maximum round-trip

time. These three fields will be marked by '-', telling network managers that there maybe

a problem. The 'network node' shows the content of network profile by displaying either

the symbolic name or the IP address of the node. This report can be used to adjust the

network load by allocating distributed applications to nodes hence to achieve good

performance.

The 'long-term network traffic statistics query' subfunction has two parts: the

'long-term network profile traffic monitoring', and the 'long-term network profile traffic

statistics report'. The first part monitors the network traffic situation of network nodes and

stores the network traffic status into a file. The second part uses the file collected by the

first part to generate a long term network profile traffic statistics report. Instead of

verbosity, the second part summarizes information collected in the first part.

The 'long-term network profile traffic monitoring' shows the network profile

traffic over a period specified by the users. To use this utility, one must specify a network

profile name, the duration of monitoring period, and the sampling period. Monitoring

period can be minutes, hours, days, months, or years. A sampling period is the time between

the consecutive records in the network profile traffic status file (the output of the

monitoring results). Having specified the above parameters, one can develop a UNIX shell.

This shell will collect the network profile traffic status according to the network profile.

total network traffic monitoring period, and the sampling period.

The 'long-term network profile traffic statistics report' reports traffic

statistics over the observation period. Before generating this report, users need to select a

file for storing the monitoring results. Its name is a combination of the 'network profile',

'total monitoring period', and 'sampling period'. For example: 'nps_l_hourby_
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per_10_minutes'. this file name means the nps network profile configuration monitored

over a period of one hour and sampled every 10 minutes. This report can be divided into

several blocks according to the network node number in the specified network profile.

There are six fields in each block: *network node name', 'time'. 'received packets percent'.

"minimum round-trip time'. 'average round-trip time', and 'maximum round-trip time'.

One example of the long-term network profile traffic statistics report is shown in Figure

3.5.

Generally speaking, the 'received packets percent', 'minimum round-trip

time', 'average round-trip time', and 'maximum round-trip time' in the long-term traffic

statistics report are the same as the four fields in that of the real-time mode. Additionally,

there are two other fields in the long-term network profile traffic statistics report: network

node name and time. The 'network node name' displays the symbolic name or IP address

of each node. The 'time' shows the sampling time of one network profile traffic status

record.

The 'long-term network profile traffic statistics report' provides the network

profile traffic situation of each specified network node in the measurement duration.

During the observation period, users monitor the traffic situation of each network node.

With the measurements, one can analyze the network traffic characteristics and tendency

of all nodes. The analysis may lead to some manual adjustments on the scheduling of

applications and enhancement of the productivity and throughput over the network. The

network managers can analyze long-term traffic measurements and do some tuning on the

network configuration. This would achieve a better network performance.
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"Long Term Traffic Statistics Report
network node name :nps percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum
Wed-Febl17l17:00:14 PST-1993 100.00 0 2 9
WedFeb1717:00:14PST1993 100.00 0 1 10

Wed Feb 17 17:27:15 PST 1993 100.00 0 0 10
network node name : ece

percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum
Wed Feb 17 17:00:14 PST 1993 100.00 0 2 10
Wed Feb 17 17:13:45 PST 1993 100.00 0 0 10

Wed Feb 17 17:27:15 PST 1993 100.00 0 1 10
network node name : oc

percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 100.00 0 8 10
Wed Feb 17 17:13:45 PST 1993 100.00 0 11 30
Wed Feb 17 17:27:15 PST 1993 100.00 0 8 10
network node name : cc

percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 100.00 20 35 110
Wed Feb 17 17:13:45 PST 1993 100.00 20 30 40
Wed Feb 17 17:27:15 PST 1993 100.00 20 37 170
network node name : pegasus

percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 100.00 0 0 10
Wed Feb 17 17:13:45 PST 1993 100.00 0 0 9
Wed Feb 17 17:27:15 PST 1993 100.00 0 0 10

Figure 3.5 an Example of Long Term Network Profile Traffic Statistics Report
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network node name : cs
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 100.00 0 0 0
Wed Feb 17 17:13:45 PST 1993 100.00 0 0 9
Wed Feb 17 17:27:15 PST 1993 100.00 0 0 10
network node name : taurus

percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 100.00 0 0 0
Wed Feb 17 17:13:45 PST 1993 100.00 0 0 10
Wed Feb 17 17:27:15 PST 1993 100.00 0 0 0

network node name : rover
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 *0.00
Wed Feb 17 17:13:45 PST 1993 *0.00
Wed Feb 17 17:27:15 PST 1993 *0.00

network node name : csrg
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 100.00 0 6 80
Wed Feb 17 17:13:45 PST 1993 100.00 0 0 9
Wed Feb 17 17:27:15 PST 1993 100.00 0 1 10

network node name: 131.120.57.2
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Wed Feb 17 17:00:14 PST 1993 100.00 10 13 30
Wed Feb 17 17:13:45 PST 1993 100.00 10 10 20
Wed Feb 17 17:27:15 PST 1993 100.00 10 10 20

Figure 3.5 continued
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c. Network Node Traffic Status Rating

Each communication link may have different traffic status and hence can be

rated differently. This rating can help to decide the schedule of network applications over

the network. The long-term rating also is useful to the network managers to diagnose the

network. If there is one or more network nodes always having the bad rating, then they

deserve some attention. This is the responsibility of the network manager. Through the

rating information, users and network managers can choose the proper actions to improve

the productivity and throughput over the network.

Before discussing how one rates the links between nodes, we must first

discuss the characteristics of the network traffic. Links between nodes are generally of

different lengths and propagation delays. The time of data packet transmission alone cannot

be used as the only criteria to rate the network node traffic status. N good network traffic

status means there is a stable data transmission ability between network nodes, and the

variance of data transmission time should be small. Hence, the 'received packets percent'

and 'round-trip time variance' become the two important criteria to judge the network node

traffic status. The 'received packets percent' represents the data packet transmission

capability between user's site and the managed node. The 'round-trip time variance' can

specify the variance of data transmission round trip time between two network nodes. The

data transmission quality is the most important factor to rate the network node. Therefore

the 'received packets percent' is used as the primary rating factor. The secondary factor is

the 'round-trip time variance'. A smaller 'round-trip time variance' means the data

transmission capability is more stable between the two network nodes. The following

pseudo code specifies the algorithm of the network node traffic status rating:
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If (network nodel.>received packets percent >
network node2->received packets percent)(
networknode1 get the higher network node traffic status rate}

else
(
if (network node1->received packets percent =network--node2->recelved packets percent)
{
If (network node 1->round-trlp time variance <=

networknode2->recelved packets percent)(
network1_node get the higher network node traffic status.}

The 'network node traffic status rating' function collects, rates, and reports

the traffic status. Two types of reports can be generated: the 'real- time network node traffic

status rating report' and the 'long-term network node traffic status rating report'. The real-

time subfunction allows users to select the network profile and set the ICMP datagram size,

and count number. There are eight fields in the 'real time network node traffic status rating

report': 'packet size', 'sample number', 'rating', 'received percent', 'round-trip time mean

value'. 'round-trip time variance'. 'round-trip time std-deviation', and 'network node'. One

sample of the report example is shown in Figure 3.6.

The 'packet size' specifies the length of data which is padded out in the ICMP

datagram packet. Its value is set by users. The'sample number' tells users how many ICMP

datagram packets are used to measure the network traffic for each specified network node.

The value of this number might determine the accuracy of the 'real-time network node

traffic status rating report'. The larger this number is, the more accurate the result is. But

too many samples imply that one must spend much time to measure the network traffic

status, hence increase the network burden.
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Network node traffic status rating report

packet size : 512 data bytes sample number: 5 times

received round-trip round-trp round-trp network
rating packet time time time

percent mean-value varinace std-deviation node

1 100.00 0.000 0.000 0.000 pegasus
2 100.00 2.000 20.000 4.472 ece
2 100.00 2.000 20.000 4.472 cs
2 100.00 2.000 20.000 4.472 taurus
2 100.00 2.000 20.000 4.472 csrg
3 100.00 6.000 30.000 5.477 nps
3 '00.00 26.000 30.000 5.477 cc
4 100.00 8.000 170.000 13.038 on
5 100.00 14.000 230.000 15.166 131.120.57.2
6 *0.00 0.000 0.000 0.000 rover

Figure 3.6 an Example of Real Time Network Node Traffic Status Rating report

The 'rating' displays the rate of each specified network node. This field is the

most important indicator in the 'real-time network node traffic status rating report'. The
'received packets percent' indicates the data transmission ability. The higher the 'received

packet percent' is, the better the data transmission ability between users' network node and

the specified network node will be. If the 'received packet percent' is tcss than 70%, the

special mark '*' will be put before the value of the 'received packet percent'. This special

mark will warn users to notice the specified node that seems abnormal in the data

transmission ability.

The 'round-trip time mean-value', 'round-trip time variance' and 'round-trip

time std-deviation' give users the reference information about the network traffic situation

between two network nodes. The 'round-trip time variance' will be used to rate the network

node traffic situation if two network nodes have the same 'received packets percent' value.
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The last field 'network node' displays the symbolic name or IP address of

each specified node. Users can identify the network traffic information to each network

node. The 'long-term network node traffic status report' will be available for users to

realize the long term network node traffic situations and its rating. Before the 'long term

network node traffic status rating report' is generated, users need to monitor the long term

traffic situations of specified network nodes and rate them. Then 'long term network node

traffic status rating report' can be generated. The long term traffic situations monitoring and

rating can be accompfished by the 'long term network node rating traffic monitoring'

subfunction. The 'long term network node traffic rating statistics report' subfunction will

generate the 'long term network node traffic status rating report'.

The 'long-term network node rating traffic monitoring' subfunction would

ask users to select the network profile name, input data packet length. and count number

for network traffic measurement. Users also need to set the total measurement period and

sampling period. According to the parameters setting. a UNIX shell will be generated and

automatically executed in the UNIX background. The network node traffic status rating

information will be generated and stored into a specific file which is named by users

specified parameters.

The 'long-term network node traffic status rating report' subfunction

generates the long-term rating. In this subfunction. users need to specify a 'long term

network traffic rating information file' or 'long term data file' used in the rating. The file

naming is the same as the long-term network traffic statistics information file which has

been mentioned before. The format of this report is similar to the'long term network profile

traffic statistics report'. This report can be divided into several blocks. Each network node

has one block to report its traffic status rating during the measurement period. There are

seven fields to display the network node traffic status information: 'network node name'.

'time', 'rating'. 'received packets percent', 'round-trip time mean-value', 'round-trip time

variance', and 'round- trip time std-deviation'. There is an example of the 'long term

network node traffic status rating report' in Figure 3.7.
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Long Term Network node traffic status rating report
network node name : taurus received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Thu Mar 4 10:35:59 PST1993 1 100.00 0.500 5.000 2.236
Thu Mar 4 10:49:28 PST1993 1 100.00 0.000 0.000 0.000
Thu Mar 4 11:02:56PST1993 1 100.00 0.000 0.000 0.000
network node name :nps received round-trip round-trip round-trip
time rating packet time time time

percent mean-value variance std-deviatio

Thu Mar 4 10:35:59 PST1993 2 100.00 1.000 9.474 3.078
Thu Mar4 10:49:28 PST1993 3 100.00 1.450 12.576 3.546
Thu Mar4 11:02:56 PST1993 5 100.00 1.500 13.421 3.663
network node name : ece

received round-trip round-trip round-trip
time rating packet time time time

percent mean-value variance std-deviation

Thu Mar4 10:35:59 PSTI 993 2 100.00 1.000 9.474 3.078
Thu Mar 4 10:49:28 PST1 993 2 100.00 0.950 8.576 2.929
Thu Mar 4 11:02:56 PST1 993 2 100.00 0.450 4.050 2.012
network node name : pegasus

received round-trip round-trip round-trip
time rating packet time time time

percent mean-value variance std-deviation

Thu Mar 4 10:35:59 PST1 993 3 100.00 2.000 5.000 4.104
Thu Mar 4 10:49:28 PST1 993 7 100.00 4.000 130.525 11.425
Thu Mar 4 11:02:56 PST1 993 5 100.00 1.500 13.421 3.663

network node name : 131.120.57.2
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Thu Mar4 10:35:59 PST1993 4 100.00 11.500 23.947 4.894
Thu Mar4 10:49:28 PST1993 5 100.00 11.500 23.947 4.894
Thu Mar 4 11:02:56 PST1 993 3 100.00 10.500 5.000 2.236

Figure 3.7 an Example Long Term Network Node Traffic Status Rating Report
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network node name : oc

received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Thu Mar 4 10:35:59 PST1993 5 100.00 4.000 35.789 5.982
Thu Mar4 10:49:28 PST1 993 6 100.00 4.500 26.053 5.104
Thu Mar4 11:02:56 PST1 993 6 100.00 4.000 25.263 5.026

network node name : csrg
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Thu Mar4 10:35:59 PST1 993 6 100.00 1.950 47.629 6.091
Thu Mar4 10:49:28 PST1 993 5 100.00 1.500 23.947 4.894
Thu Mar 4 11:02:56 PST1 993 4 100.00 0.950 8.576 2.929

network node name : cs
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Thu Mar 4 10:35:59 PST1993 7 100.00 3.500 55.526 7.452
Thu Mar4 10:49:28 PST1 993 4 100.00 1.000 20.000 4.472
Thu Mar 4 11:02:56 PST1 993 1 100.00 0.000 0.000 0.000

network node name : cc
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Thu Mar 4 10:35:59 PST1 993 8 100.00 71.000 5104.210 71.444
Thu Mar4 10:49:28 PST1993 8 100.00 50.000 1431.579 37.836
Thu Mar 4 11:02:56 PST1 993 7 100.00 54.950 2850.050 53.386

network node name : ece
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Thu Mar 4 10:35:59 PST1-993 9 -0.00 0.000 0.000 0.000
Thu Mar 4 10:49:28 PST1 993 9 *0.00 0.000 0.000 0.000
Thu Mar 4 11:02:56 PST1 993 8 *0.00 0.000 0.000 0.000

Figure 3.7 continued
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The long term network node traffic status rating report' is the accumulation

of many 'real time network node traffic status rating report'. These real time reports are

reorganized by the 'time' field. There are the following fields in both reports: 'rating'.

'received packets percent', 'round-trip time mean value', 'round-trip time variance',

'round-trip time std-deviation'. The 'network node name' field is the same as the 'network

node' field in the 'real time network node traffic status rating report'. The 'time' field is the

only different field between these two reports. It tells users the sampling time of each

network node traffic status rating record.

The 'long term network node traffic status rating report' displays the variance

of network node traffic status rating in each network node. It also indicates the network

traffic situation of each specified node. This report can be used as a diagnostic tool over the

specified network nodes. It can detect the poor performance network nodes which always

get the low rating. The network manager can do some adjustments on the network

configuration and resources allocation according to this result. This may enhance the totl

performance and throughput over the specified network nodes.

4. Network Profile Maintenance

The network profile describes network nodes of users' interests in. It is a tool for

users to manage network configuration. The network profile is the basis for network status

query. A good network profile maintenance facility allow users to maintain the network

profiles and adjust the network configuration. The 'network profile maintenance' utility

provides the Ainctions for users to maintain their network profiles. This utility has three

primitive functions: add, delete and update-

The 'add a network profile' creates a new network profile. In ,is function. users

must specify a new file name that is not currently in use. Since the special character '' is

reserved for use as a delimiter to check the name of network node traffic status file in the

'network traffic measurement utility'. Therefore, '_'cannot be used in a file name. Having

specified the new network profile name, users can input either the symbolic names or IP
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addresses of network nodes that they want to be included in this network profile. If a

symbolic name or an IP address cannot be located in the name server, users will receive a

warning message. Users can choose to add it into the new network profile. Users can exit

the function by entering 'exit' or 'quit'.

The 'delete a network profile' allows users to delete a network profile. First, users

may select the file to be deleted from a list of files that are currently in use. Users have the

choice to browse the contents of the network profile be deleted before the actual action.

Two other options in deleting a file are browsing the contents and confirming the deletion

request.

The 'update a network profile' provides three subfunctions for users to modify the

contents of specified network profile. These three subfunctions are 'add a network node',

'delete a network node', and 'update a network node'. Having selected the specific network

profile. users need to select an update subfunction to update the network nodes. Adding a

node is done by appending the node to the profile. In this subfunction. users need to provide

the symbolic name or IP address of the network node. The symbolic name/ IP address will

be checked from the name server. If it does not exist in the named server, there is a warning

message for users. Users have the choice to add it into the specified network profile. When

deleting a node, the user has the option to browse the content of the profile and the option

to confirm the deletion intention. When confirmation is done the specified node is deleted.

When updating a node, one can browse the contents as usual. A node can be updated only

when it is registcued in the named server.

The 'network profile maintenance' utility also sets up a utility for users to do

some network configuration management jobs. A good network profile maintenance and

network configuration management are the basis of the 'network traffic measurement

utility'. The 'network traffic measurement utility' can obtain the correct and efficient traffic

information only when a good network profile maintenance is provided. The network

profile maintenance is an important job for users.
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D. SUMMARY

Network traffic status helps users to realize the network traffic situation of each

specified network node. It assists users and network manager in achieving a better network

performance and throughput by changing the network applications' schedule and adjusting

the network configuration. In other words. available network traffic status is very important

for network users and managers. The 'network traffic measurement utility' sets up the

network traffic status query environment for users to get the network node traffic status.

fhere are three primary functions in this utility: 'individual host network status query',

.network profile traffic status query', and 'network profile maintenance'. Each function

provides the different query and maintenance capability for users and system/network

managers.

The 'individual host network status query' function provides the facility for system/

network manager and users to qtcry individual computer host network information. This

function requests information about a node from the name server. The individual

reachability and network node traffic status of specified network node can be tested. There

are some information about the systems of users' site which can be queried by the system

manager. They will show the statistics reports and others information about the network

status, input/output activities, and virtual memory activities. These measurements are

useful for system managers to diagnose the computer system and detect the abnormal

situation that causes the bottleneck to slow down network activities. The UNIX commands

or shell scripts can be used in this utility. It provides a convenient interface for users to

communicate with the UNIX operation system. At last, the 'file transfer measurement

tools' is available for system/network managers to simulate file transfer from their node to

a specified network node. This file transfer simulation measurement method let the

managers get the most exact network traffic information between the two network nodes.

It also can let users understand the relationships between packet size, file length, and file

transfer time. These would offer users the idea about file transfer characteristics between

these two network nodes.
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Two functions can be used as the tools to get the network traffi.. status information:

'ECHO data packet-ping utility' and 'file transfer measurement tools'. Each has its own

purpose. The 'ECHO data packet-ping utility' is mainly used for the reachability test. The

'file transfer measurement tools' let users get the network traffic status over a time

duration. The period depends on the file length and packet size. This function offers users

the continual, not discrete, network traffic status information and statistics report. These

information will be that approaching the real network traffic situation. But users will pay

the time and increase the traffic load on the network. If the specific network node is not so

important. the 'ECHO data packet-ping utility' will be suggested for users to measure the

network traffic situation. If the network nodes have close relationships with users' network

node, it is worth for user to utilize the 'file transfer measurement tools' to get the network

traffic situation in details.

The 'network profile traffic status query' function let users have the network profile

query ability. In the network profile query, users can query the network traffic of several

network nodes of interests at the same time. They will get the traffic statistics and network

node traffic status rating reports in the two modes: real time mode and long term mode. The

network profile traffic stawistics report shows users the round-trip time from users' site to

the specified network nodes in the network profile. This report let users realize the network

profile traffic situation and traffic statistics information. The network profile traffic status

rating subfunction uses the ICMP datagram packet round-trip time and the variance of this

round-trip time to rate the network traffic status of each specified network node. The

network profile traffic status rating report lists the rate and round-trip time statistics

information for the users to analyze the network profile traffic situation.

The real time network traffic reports show the immediate traffic situation over the

network. They help users understand the current network traffic. After understanding the

current network traffic situation, users can make decisions on the network applications or

configuration. So they can avoid the busy traffic time over the network and get a better

performance. The long term traffic reports list the long term network traffic status and

37



statistics information. This would help the network manager find out the network traffic

situation and tendency in a long period. The network manager can analyze the

characteristics of network traffic situation and detect the possible network traffic problems

in the future. The conclusions of network traffic situation analysis and prediction could help

network manager to adjust the network configuration. Better network throughput and

performance may come true.

The network reachability test will be available in the network profile query. In the

network profile query, the network reachability will be tested on the specified network

nodes. Because the network reachability is the basis of every network application, it is a

very important information.

The 'network profile maintenance' function provides a tool for network users to

manage the network configurations. There are three subfunctions in the 'network profile

maintenance' function: add, delete and update.

The 'network traffic measurement utility' uses different subdirectories to maintain the

network traffic status information. This provides the possible concurrent execution

environment for users to monitor the long-term network profile traffic situations in the

UNIX background and query the real- time network traffic status at the same time. This will

save users' time to collect the network traffic situation and get the correct network traffic

data.

In general, the 'network traffic measurement utility' provides an interactive

environment foi users to monitor the network traffic situation and generate the network

traffic reports. These network traffic information would help users to measure the network

traffic and network performance. The netwLAK measurement result can be used as a basis

for the network performance management
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IV. NETWORK TRAFFIC MONITORING AND PERFORMANCE
MANAGEMENT: - EXAMPLES AND ANALYSIS

A. INTRODUCTION

Performance and throughput are the primary goals for network performance

management. The network traffic status is a good indicator that implies the performance.

By monitoring the network traffic, the network managers can do some network

performance tuning. The 'network traffic measurement utility' helps the network managers

and users measure the network traffic status. According to the collected information.

network managers may adjust on the network configuration and achieve a better network

performance.

B. ANALYSIS - NPS CAMPUS NETWORK TRAFFIC MONITORING

EXAMPLE

We use the campus network of Naval Postgraduate School as an example to

demonstrate the network traffic monitoring for network performance management. Figure

4.1 shows the steps taken in monitoring the network traffic on NPS campus.
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Individual network node traffic status measurement

Figure 4.1 NIpS Campus Network Traffic Monitoring Flow Chart

From this utility we can generate some network traffic reports on selected nodes. The

detailed dialogue of NPS network traffic monitoring can be found in Appendix A.

Reachability test is usually the most primitive test. Figure 4.2 shows the reachability test

report of NPS campus network. In this report, we find the 'rover.nps.na-,y.mil' network

node cannot be reached. It may be necessary to annotate this network node in the later

network traffic status reports.
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*** Reachability Report *

nps.navy.mil is alive
ece.nps.navy.mil is alive
oc.nps.navy.mil is alive
cc.nps.navy.mil is alive
pegasus.nps.navy.mil is alive
mailboy.cs.nps.navy.mil is alive
taurus.cs.nps.navy.mil is alive
no answer from rover.nps.navy.mil
csrg.nps.navy.mil is alive
131.120.57.2 is alive

Figure 4.2 NPS Campus Network Nodes Reachability Test Report

There are two NPS long-term network traffic status reports that are produced by the

sampling traffic status record hourly from each node for one day. Each NPS network node

has 24 network traffic status records. These records cover one day's worth of monitoring

results.

Figure 4.3 shows the 'long-term network traffic statistics report' of NPS campus

network. This report lists the hourly percentage of received ICMP datagram packet and the

ICMP datagram packet round trip time of each node. From this report. we find that the

traffic is in good shape except that the 'rover' node is not reachable. The report shows that

no data packet is received from the node 'rover'. This confirms the reachability test and we

conclude that there must be problems in the node 'rover'. The 'oc' network node also has

0% received data packets in the first network traffic record. It tells us there is an abnormal

condition in the first sampling period.

We found that the node 'cc' always has a longerdata transmission round trip time than

the other NPS network nodes. This monitored result can be validated by the physical NPS

campus network topology. Most of the nodes are in the same building where the host is

located, but the node 'cc' is located in another building. We also found out the idle time and

busy time of each NPS node. This would help us to avoid the busy time and to utilize the

idle time of each node. More efficient use of the campus network can be achieved. The
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round trip time reflects the total data transmission delays of the monitored nodes in the

simulation. It may help us in scheduling the network applications.

Long Term Traffic Statistics Report

network node name : nps percent time time time
time packets round-trip round-trip round-trip

received minimum average maximumT-------------------------- --------------
Tue Feb 23 13:57:28 PST 1993 100.00 0 3 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 0 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 1 10
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 10
Tue Feb 23l18:11:29 PST 1993 100.00 0 5 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 1 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 0 0
Tue Feb 23 23:23:29 PST 1993 100.00 0 1 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 4 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 3 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 9
Wed Feb 24 03:43:15 PST 1993 100.00 0 10 20
Wed Feb 24 04:46:53 PST 1993 100.00 0 2 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 1 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 2 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 1 20
Wed Feb 24 11:08:03 PST 1993 100.00 0 3 10
Wed Feb24 12:11:37 PST 1993 100.00 0 3 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 3 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 0 10

Figure 4.3 NPS Campus One Day Network Traffic Statistics Report
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network node name : ece
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 1 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 0 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 9
Tue Feb23 17:07:57 PST 1993 100.00 0 0 0
Tue Feb 23 18:11:29 PST 1993 100.00 0 0 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 10
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 0 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 0 9
Tue Feb 23 23:23:29 PST 1993 100.00 0 1 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 9
Wed Feb 24 01:36:10 PST 1993 100.00 0 2 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 1 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 6 20
Wed Feb 24 04:46:53 PST 1993 100.00 0 1 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 0 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 0 10
Wed Feb 24 11:08:03 PST 1993 100.00 0 2 10
Wed Feb 24 12:11:37 PST 1993 100.00 0 3 20
Wed Feb 24 13:15:10 PST 1993 100.00 0 4 20
Wed Feb 24 14:18:43 PST 1993 100.00 0 1 10

Figure 4.3, continued

43



ntoknode name : ocnetwork percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 *0.00 - -
Tue Feb 23 15:00:51 PST 1993 100.00 0 5 10
Tue F3b 23 16:04:24 PST 1993 100.00 0 5 20
Tue Feb 23 17:07:57 PST 1993 100.00 0 4 10
Tue Feb 23 18:11:29 PST 1993 100.00 0 5 20
TuG Feb 23 19:15:00 PST 1993 100.00 0 2 19
Tue Feb 23 20:18:31 PST 1993 100.00 0 4 19
Tue Feb 23 21:22:02 PST 1993 100.00 0 8 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 8 10
Tue Feb 23 23:23:29 PST 1993 100.00 0 5 10
Wed Feb 24 00:32.38 PST 1993 100.00 0 4 30
Wed Feb 24 01:36:10 PST 1993 100.00 0 7 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 6 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 9 20
Wed Feb 24 04:46:53 PST 1993 100.00 0 3 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 2 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 9 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 10 20
Wed Feb 24 09:00:59 PST 1993 100.00 0 8 10
Wed Feb 24 10:04:31 PST 1993 100.00 9 10 20
Wed Feb 24 11:08:03 PST 1993 100.00 9 10 19
Wed Feb 24 12:11:37 PST 1993 100.00 10 10 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 8 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 2 10

Figure 4.3, continued
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network node name : cc
percent time time time
packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 20 34 140
Tue Feb 23 15:00:51 PST 1993 100.00 20 32 80
Tue Feb 23 16:04:24 PST 1993 100.00 29 29 30
Tue Feb 23 17:07:57 PST 1993 100.00 29 30 40
Tue Feb 23 18:11:29 PST 1993 100.00 20 31 40
Tue Feb 23 19:15:00 PST 1993 100.00 30 213 1380
"Tue Feb 23 20:18:31 PST 1993 100.00 30 30 39
Tue Feb 23 21:22:02 PST 1993 100.00 30 30 40
Tue Feb 23 22:25:34 PST 1993 100.00 30 31 40
"Tue Feb 23 23:23:29 PST 1993 100.00 30 30 40
Wed Feb 24 00:32:38 PST 1993 100.00 30 30 30
Wed Feb 24 01:36:10 PST 1993 100.00 30 31 50
Wed Feb 24 02:39:42 PST 1993 100.00 29 32 50
Wed Feb 24 03:43:15 PST 1993 100.00 30 32 40
Wed Feb 24 04:46:53 PST 1993 100.00 29 29 30
Wed Feb 24 05:50:25 PST 1993 100,00 30 30 30
Wed Feb 24 06:53:56 PST 1993 100.00 30 30 40
Wed Feb 24 07:57:27 PST 1993 100.00 30 31 50
Wed Feb 24 09:00:59 PST 1993 100.00 20 31 40
Wed Feb 24 10:04:31 PST 1993 100.00 30 46 140
Wed Feb 24 11:08:03 PST 1993 100.00 30 36 90
Wed Feb 24 12:11:37 PST 1993 100.00 20 32 d10
Wed Feb 24 13:15:10 PST 1993 100.00 30 32 40
Wed Feb 24 14:18:43 PST 1993 100.00 30 33 40

Figure 4.3, continued
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network node name : pegasus
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 0 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 0 9
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 0
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 9
Tue Feb 23 18:11:29 PST 1993 100.00 0 0 9
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 2 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 1 20
Tue Feb 23 23:23:29 PST 1993 100.00 0 0 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 0 9
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 0
Wed Feb 24 03:43:15 PST 1993 100.00 0 0 10
Wed Feb 24 04:46:53 PST 1993 100.00 0 0 0
Wed Feb 24 05:50:25 PST 1993 100.00 0 0 9
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 9
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 1 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 0 10
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 0
Wed Feb 24 12:11:37 PST 1993 100.00 0 0 0
Wed Feb 24 13:15:10 PST 1993 100.00 0 0 0
Wed Feb 24 14:18:43 PST 1993 100.00 0 0 10

Figure 4.3, continued
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network node name : cs percent time time time
time packets round-trip round-trip round-trip
------------------------------------------. received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 1 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 1 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 2 20
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 10
Tue Feb 23 18:11:29 PST 1993 100.00 0 1 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 1 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 0 10
Tue Feb 23 23:23:29 PST 1993 100.00 0 0 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 9
Wed Feb 24 01:36:10 PST 1993 100.00 0 0 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 1 20
Wed Feb 24 04:46:53 PST 1993 100.00 0 0 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 1 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 1 10
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 10
Wed Feb 24 12:11:37 PST 1993 100.00 0 0 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 0 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 2 30

Figure 4.3, continued
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A
network node name : taurus

percent time time timeI
time packets round-trip round-trip round-trip

received minimum average maximum
Tue-Feb 23 -3:57:28 PST-1993 100.00 0 0 0
Tue Feb 23 15:00:51 PST 1993 100.00 0 0 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 10
Tue Feb 23 17:07:57 PST 1993 100.00 0 C 0

Tue Feb 23 18:11:29 PST 1993 100.00 0 0 0
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
Tue Feb 23 20:18:31 PST 1993 100.00 0 1 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 0 0
Tue Feb 23 22:25:34 PST 1993 100.00 0 1 10
Tue Feb 23 23:23:29 PST 1993 100.00 0 0 0
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 0 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 0 I
Wed Feb 24 03:43:15 PST 1993 100.00 0 3 50
Wed Feb 24 04:46:53 PST 1993 100.00 0 0 0
Wed Feb24 05:50:25 PST 1993 100.00 0 0 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 0
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 3 60
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 0
Wed Feb 24 12:11:37 PST 1993 100.00 0 0 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 1 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 0 10

Figure 4.3. continued
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network node name : rover
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 *0.00
Tue Feb 23 15:00:51 PST 1993 *0.00
Tue Feb 23 16:04:24 PST 1993 *0.00
Tue Feb 23 17:07:57 PST 1993 *0.00 - -
Tue Feb23 18:11:29 PST 1993 *0.00 - -

Tue Feb 23 19:15:00 PST 1993 *0.00 - -
Tue Feb 23 20:18:31 PST 1993 10.00 -
Tue Feb 23 21:22:02 PST 1993 *0.00 - -
Tue Feb 23 22:25:34 PST 1993 *0.00 - -
Tue Feb 23 23:23:29 PST 1993 *0.00 -
Wed Feb 24 00:32:38 PST 1993 *0.00 - -
Wed Feb 24 01:36:10 PST 1993 *0.00
Wed Feb 24 02:39:42 PST 1993 '0.00 - -

Wed Feb 24 03:43:15 PST 1993 *0.00 -

Wed Feb 24 04:46:53 PST 1993 "0.00 -

Wed Feb 24 05:50:25 PST 1993 *0.00 -
Wed Feb 24 06:53:56 PST 1993 *0.00 -

Wed Feb 24 07:57:27 PST 1993 *0.00
Wed Feb 24 09:00:59 PST 1993 '0.00 -

Wed Feb 24 10:04:31 PST 1993 *0.00 - -

Wed Feb 24 11:08:03 PST 1993 *0.00 - -

Wed Feb 24 12:11:37 PST 1993 *0.00 - -

Wed Feb 24 13:15:10 PST 1993 *0.00 - -

Wed Feb 24 14:18:43 PST 1993 *0.00 - -

Figure 4.3, continued
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network node name : csrg percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 1 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 3 20
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 9
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 0
Tue Feb 23 18:11:29 PST 1993 100.00 0 0 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 10
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 1 20
Tue Feb 23 22:25:34 PST 1993 100.00 0 1 10
Tue Feb 23 23:2329 PST 1993 100.00 0 0 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 1 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 1 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 1 10
Wed Feb 24 04:46:53 PST 1993 100.00 0 0 10
Wed Feb 24 05:5025 PST 1993 100.00 0 0 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 1 10
Wed Feb 24 07:5727 PST 1993 100.00 0 2 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 n 0 9
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 10
Wed Feb 24 12:11:37 PST 1993 100.00 0 1 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 2 20
Wed Feb 24 14:18:43 PST 1993 100.00 0 2 10

Figure 4.3, continued
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network node name: 131.120.57.2
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

------------------------------------------.-. ---- -- - - - - -... . . .. .. .. .. .. .. .. .. .. .. .. --- -- --- --

Tue Feb 23 13:57:28 PST 1993 100.00 10 10 10
Tue Feb 23 15:00:51 PST 1993 100.00 10 13 80
Tue Feb 23 16:04:24 PST 1993 100.00 9 12 60
Tue Feb 23 17:07:57 PST 1993 100.00 10 13 60
Tue Feb 23 18:11:29 PST 1993 100.00 10 10 20
Tue Feb 23 19:15:00 PST 1993 100.00 10 13 70
Tue Feb 23 20:18:31 PST 1993 100.00 10 11 20
Tue Feb 23 21:22:02 PST 1993 100.00 10 11 20
Tue Feb 23 22:25:34 PST 1993 100.00 10 17 130
Tue Feb 23 23:23:29 PST 1993 100.00 10 11 30
Wed Feb 24 00:32:38 PST 1993 100.00 9 11 40
Wed Feb 24 01:36:10 PST 1993 100.00 10 10 20
Wed Feb 24 02:39:42 PST 1993 100.00 10 10 20
Wed Feb 24 03:43:15 PST 1993 100.00 10 10 20
Wed Feb 24 04:46:53 PST 1993 100.00 10 10 20
Wed Feb 24 05:50:25 PST 1993 100.00 10 11 40
Wed Feb 24 06:53:56 PST 1993 100.00 10 10 10
Wed Feb 24 07:57:27 PST 1993 100.00 10 13 70
Wed Feb 24 09:00:59 PST 1993 100.00 10 12 60
Wed Feb 24 10:04:31 PST 1993 100.00 10 32 450
Wed Feb 24 11:08:03 PST 1993 100.00 10 16 70
Wed Feb 24 12:11:37 PST 1993 100.00 10 12 60
Wed Feb24 13:15:10 PST 1993 100.00 10 16 140
Wed Feb 24 14:18:43 PST 1993 100.00 10 13 80

Figure 4.3, continued

Figure 4.4 shows the 'long-term network traffic rating report' at different times. The

report also indicates the transmission stability of each node. It is calculated from the data

packet transmission round trip time. We found that the 'received packets percent' of 'rover'

network node is 0%. It means that there is no data transmission capability in node 'rover'

at every sampling time. The node 'rover' gets the worst rating and deserves an attention.

The node 'oc' is a bad node in the report as well. This result confirms the first network

traffic record in the 'long-term network traffic statistics report'.
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The data transmission status of other NPS network nodes show of that the network

traffic is good. Although there are some fluctuation at different sampling time, it appears

to be tolerable. This report shows that the network traffic situation over NPS campus

network is good, except the 'rover' network node.

***** Long Term Network node traffic status rating report

network node name : pegasus

received round-trip round-trip round-trip
time rating packet time time time

percent mean-value variance std-deviatio

Tue Feb23 13:59:10P-3T1993 1 100.00 0.000 0.000 0.000
Tue Feb23 15:02:49PST1993 1 100.00 0.500 5.000 2.236
Tue Feb23 16:06:18PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 17:09:46PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 18:13:15PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 19:16:42PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 20:20:10PST1993 4 100.00 1.500 13.421 3.663
Tue Feb23 21:23:38PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 2227:07PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 23:30:36PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 00:34:04PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 01:37:32PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 02:41:OOPST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 03:44:28PST1993 3 100.00 1.500 13.421 3.663
Wed Feb24 04:47:57PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 05:51:25PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 06:54:53PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 07:58:21PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 09:01:48PST1 993 2 100.00 0.450 4.050 2.012
Wed Feb24 10:05:16PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 11:08:44PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 12:12:14PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 13:15:43PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 14:19:13PST1993 3 100.00 1.000 9.474 3.078

Figure 4.4 NPS Campus One Day Network Nodes Traffic Rating Report

52



network node name : cs

received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:1 OPST1 993 1 100.00 0.000 0.000 0.000
Tue Feb23 15:02:49PST1993 4 100.00 2.500 19.737 4.443
Tue Feb23 16:06:18PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 17:09:46PST1993 4 100.00 1.500 23.947 4.894
Tue Feb23 18:13:15PST1993 1 100.00 0.000 0.000 0.000
"Tue Feb23 19:16:42PST1993 6 100.00 1.000 20.000 4.472
Tue Feb23 20:20:10PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 21:23:38PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 22:27:07PST1993 5 100.00 2.000 37.895 6.156
Tue Feb23 23:30:36PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 00:34:04PST1993 4 100.00 2.000 16.842 4.104
Wed Feb24 01:37:32PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 02:41 :OOPST1993 4 100.00 2.000 8.576 2.929
Wed Feb24 03:44:28PST1993 1 100.00 0.500 5.000 2.236
Wed Feb24 04:47:57PST1993 4 100.00 0.950 9.474 3.078
Wed Feb24 05:51:25PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 06:54:53PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 07:58:21PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 09:01:48PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 10:05:16PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 11:08:44PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 12:12:14PST1993 7 100.00 4.000 35.789 5.982
Wed Feb24 13:15:43PST1993 4 100.00 1.450 12.576 3.546
Wed Feb24 14:19:13PST1993 1 100.00 0.000 0.000 0.000

Figure 4.4 continued
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network node name: taurus
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviatior

Tue Feb23 13:59:10OPST1 993 2 100.00 0.450 4.050 2.012
Tue Feb23 15:02:49PST1993 3 100.00 2.000 16.842 4.104
Tue Feb23 16:06:18PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 17:09:46PST1993 6 100.00 2.500 30.263 5.501
Tue Feb23 18:13:15PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 19:16:42PST1 993 1 100.00 0.000 0.000 0.000
Tue Feb23 20:20:10PST1993 2 100.00 0.500 5.000 2.263
Tue Feb23 21:23:38PST1 993 3 100.00 1.000 9.474 3.078
Tue Feb23 22:27:07PST1 993 2 100.00 0.450 4.050 2.012
Tue Feb23 23:30:36PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 00:34:04PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 01:37:32PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 02:41 :OOPST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 03:44:28PST1993 1 100.00 0.500 5.000 2.236
Wed Feb24 04:47:57PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 05:51:25PST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 06:54:53PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 07:58:21 PST1993 6 100.00 2.000 27.386 5.231
Wed Feb24 09:01:48PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 10:05:16PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 11:08:44PST1993 3 100.00 0.900 7.674 2.770
Wed Feb24 12:12:14PST1993 4 100.00 0.950 18.050 4.249
Wed Feb24 13:15:43PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 14:19:13PST1993 2 100.00 0.500 5.000 2.236

Figure 4.4 continued
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network node name : csrg
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1 993 3 100.00 0.500 5.000 2.236
Tue Feb23 15:02:49PST1993 5 100.00 3.000 22.105 4.702
Tue Feb23 16:06:18PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 17:09:46PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 18:13:15PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 19:16:42PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 20:20:1 OPST1 993 1 100.00 0.000 0.000 0.000
Tue Feb23 21:23:38PST1 993 2 100.00 0.500 5.000 2.236
Tue Feb23 22:27:07PST1 993 3 100.00 1.000 9.474 3.078
Tue Feb23 23.30:36PST1 993 3 100.00 1.000 9.474 3.078
Wed Feb24 00:34:04PST1 993 2 100.00 0.500 5.000 2.236
Wed Feb24 01:37:32PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 02:41 :OOPST1 993 1 100.00 0.000 0.000 0.000
Wed Feb24 03:44:28PST1 993 2 100.00 1.000 9.474 3.078
Wed Feb24 04:47:57PST1 993 2 100.00 0.450 4.050 2.012
Wed Feb24 05:51:25PST1 993 2 100.00 0.500 5.000 2.236
Wed Feb24 06:54:53PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 07:58:21PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 09:01:48PST1 993 6 100.00 2.950 31.945 5.652
Wed Feb24 10:05:16PST1993 4 100.00 2.000 16.842 4.104
Wed Feb24 11:08:44PST1993 6 100.00 1.500 13.421 3.663
Wed Feb24 12:12:14PST1993 3 100.00 1.500 13.421 3.663
Wed Feb24 13:15:43PST1993 6 100.00 2.500 19.737 4.443
Wed Feb24 14:19:13PST1993 6 100.00 6.500 402.895 20.072

Figure 4.4 continued
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network node name :ece
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviatior

Tue Feb23 13:59:1OPST1993 4 100.00 1.500 13.421 3.663
Tue Feb23 15:02:49PST1993 2 100.00 1.500 13.421 3.663
Tue Feb23 16:06:18PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 17:09:46PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 18:13:15PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 19:16:42PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 20:20:1 OPST1 993 3 100.00 1.000 9.474 3.078
Tue Feb23 21:23:38PST1 993 2 100.00 0.500 5.000 2.236
Tue Feb23 22:27:07PST1 993 3 100.00 1.000 9.474 3.078
Tue Feb23 23:30:36PST1 993 4 100.00 1.500 13.421 3.663
Wed Feb24 00:34:04PST1993 3 100.00 1.500 13.421 3.663
Wed Feb24 01:37:32PSTI 993 3 100.00 0.500 5.000 2.236
Wed Feb24 02:41:OOPST1 993 5 100.00 1.450 12.576 3.546
Wed Feb24 03:44:28PST1993 5 100.00 4.000 25.263 5.026
Wed Feb24 04:47:57PST1 993 3 100.00 0.500 5.000 2.236
Wed Feb24 05:51:25PST1 993 3 100.00 1.000 9.474 3.078
Wed Feb24 06:54:53PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 07:58:21PST1993 7 100.00 5.000 68.421 8.272
Wed Feb24 09:01:48PSTI 993 3 100.00 0.950 8.576 2.929
Wed Feb24 10:05:16PST1993 4 100.00 2.000 16.842 4.104
Wed Feb24 11:08:44PST1 993 4 100.00 1.000 9.474 C.078
Wed Feb24 12:12:14PST1993 5 100.00 2.450 18.997 4.359
Wed Feb24 13:15:43PST1993 7 100.00 2.000 27.368 5.231
Wed Feb24 14:19:13PST1993 3 100.00 1.000 9.474 9.474

Figure 4.4 continued
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network node name: nps
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviatior

TueFeb2313:59:10PST1993 5 100.00 6.500 23.947 4.894
Tue Feb23 15:02:49PST1993 4 100.00 2.500 19.737 4.443
Tue Feb23 16:06:18PST1993 5 100.00 1.950 16.050 4.006
Tue Feb23 17:09:46PST1993 5 100.00 2.450 29.524 5.434
Tue Feb23 18:13:15PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 19:16:42PST1993 5 100.00 1.500 13.421 3.663
Tue Feb23 20:20:1OPST1 993 5 100.00 2.450 18.997 4.359
Tue Feb23 21:23:38PST1993 4 100.00 1.450 12.576 3.546
Tue Feb23 22:27:07PST1993 4 100.00 2.000 16.842 4.014
Tue Feb23 23:30:36PST1 993 5 100.00 1.950 16.050 4.006
Wed Feb24 00:34:04PST1 993 3 100.00 1.500 13.421 3.663
Wed Feb24 01:37:32PST1 993 4 100.00 1.000 9.474 3.078
Wed Feb24 02:41 :OOPST1 993 7 100.00 3.500 23.947 4.894
Wed Feb24 03:44:28PST1993 4 100.00 2.500 19.737 4.443
Wed Feb24 04:47:57PST1 993 4 100.00 1.000 9.474 3.078
Wed Feb24 05:51:25PST1 993 2 100.00 0.500 5.000 2.236
Wed Feb24 06:54:53PST1993 5 100.00 5.000 26.316 5.130
Wed Feb24 07:58:21 PST1 993 5 100.00 4.000 25.263 5.026
Wed Feb24 09:01:48PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 10:05:16PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 11:08:44PST1 993 5 100.00 1.400 11.726 3.424
Wed Feb24 12:12:14PST1993 9 100.00 8.500 87.105 9.333
Wed Feb24 13:15:43PST1993 5 100.00 1.500 13.421 3.663
Wed Feb24 14:19:13PST1993 4 100.00 1.950 16.050 4.006

Figure 4.4 continued
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network node name : 131.120.57.2
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviatior

TueFeb23 3:59:10PST1993 6 100.00 13.500 45.000 6.708
Tue Feb23 15:02:49PST1993 1 100.00 10.500 5.000 2.236
Tue Feb23 16:06:18PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 17:09:46PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 18:13:15PST1993 2 100.00 10.500 5.000 2.236
Tue Feb23 19:16:42PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 20:20:1 OPSTI 993 1 100.00 10.000 0.000 0.000
Tue Feb23 21:23:38PST1 993 2 100.00 10.500 5.000 2.236
Tue Feb23 22:27:07PST1 993 1 100.00 10.000 0.000 0.000
Tue Feb23 23:30:36PST1993 2 100.00 10.500 5.000 2.236
Wed Feb24 00:34:04PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 01:37:32PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 02:41 :OOPST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 03:44:28 PST1 993 2 100.00 11.000 9.474 3.078
Wed Feb24 04:47:57PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 05:51:25PST1 993 1 100.00 10.000 0.000 0.000
Wed Feb24 06:54:53PSTI 993 4 100.00 11.000 9.474 3.078
Wed Feb24 07:58:21 PST1993 1 100.00 10.000 0.000 0.000Wed Feb24 09:01:48PST1993 1 100.00 10.000 0.000 0.000Wed Feb24 10:05:16PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 11:08:44PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 12:12:14PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 13:15:43PST1993 3 100.00 10.400 5.200 2.280

Wed Feb24 14:19:13PST1993 1 100.00 10.000 0.000 0.000

Figure 4.4 continued
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network node name : cc
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviatior

Tue Feb23 13:59:1OPST1993 7 100.00 159.50052310.262 228.714
Tue Feb23 15:02:49PST1993 1 100.00 29.500 5.000 2.236
Tue Feb23 16:06:18PST1993 4 100.00 31.500 13.421 3.663
Tue Feb23 17:09:46PST1993 3 100.00 31.000 9.474 3.078
Tue Feb23 18:13:15PST1993 2 100.00 30.500 5.000 2.236
Tue Feb23 19:16:42PST1993 4 100.00 30.000 10.526 3.244
Tue Feb23 20:20:10PST1993 1 100.00 30.000 0.000 0.000
Tue Feb2321:23:38PST1993 2 100.00 29.500 5.000 2.236
Tue Feb23 22:27:O7PST1993 6 100.00 32.950 127.734 11.302
Tue Feb23 23:30:36PST1993 7 100.00 33.500 87.105 9.333
Wed Feb24 00:34:04PST1 993 5 100.00 31.500 23,947 4.894
Wed Feb24 01:37:32PST1 993 6 100.00 32.000 27.368 5.231
Wed Feb24 02:41:OOPST1 993 3 100.00 30.500 5.000 2.236
Wed Feb24 03:44:28PST1 993 6 100.00 34.000 56.842 7.539
Wed Feb24 04:47:57PST1 993 2 100.00 30.450 4.050 2.012
Wed Feb24 05:51:25PST1 993 3 100.00 31.000 9.474 3.078
Wed Feb24 06:54:53PST1 993 2 100.00 29.950 0.050 0.224
Wed Feb24 07:58:21PST1993 4 100.00 30.900 9.994 3.144
Wed Feb24 09:01:48PST1 993 7 100.00 35.500 362.895 19.050
Wed Feb24 10:05:16PST1993 5 100.00 61.500 3202.895 56.594
Wed Feb24 11:08:44PST1993 7 100.00 41.500 560.789 23.681
Wed Feb24 12:12:14PST1993 6 100.00 32.900 31.253 5.590
Wed Feb24 13:15:43PST1993 8 100.00 32.450 82.155 9.064
Wed Feb24 14:19:13PST1993 3 100.00 31.000 9.474 3.078

Figure 4.4 continued

59



network node name : oc

received round-trip round-trip round-trip
time rating packet time time time

percent mean-value variance std-deviatior

Tue Feb23 13:59:10PST1993 8 *0.00 0.000 0.000 0.000
Tue Feb23 15:02:49PST1993 2 100.00 8.500 13.421 3.663
Tue Feb23 16:06:18PST1993 6 100.00 6.450 23.629 4.861
Tue Feb23 17:09:46PST1993 4 100.00 3.500 23.947 4.894
Tue Feb23 18:13:15PST1993 3 100.00 5.000 26.316 5.130
Tue Feb23 19:16:42PST1993 7 100.00 4.000 25.263 5.026
Tue Feb23 20:20:1 OPST1 993 1 100.00 10.000 0.000 0.000
Tue Feb23 21:23:38PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 22:27:07PST1993 7 100.00 10.000 157.895 12.566
Tue Feb23 23:30:36PST1993 6 100.00 7.950 16.682 4.084
Wed Feb24 00:34:04PST1993 6 100.00 5.500 36.579 6.048
Wed Feb24 01:37:32PST1993 5 100.00 4.000 25.263 5.026
Wed Feb24 02:41 :OOPST1993 6 100.00 11.000 20.000 4.472
Wed Feb24 03:44:28PST1993 2 100.00 11.000 9.474 3.078
Wed Feb24 04:47:57PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 05:51:25PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 06:54:53PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 07:58:21F•ST1993 3 100.00 10.500 5.000 2.236
Wed Feb24 09:01:48PST1993 5 100.00 6.900 21.568 4.644
Wed Feb24 10:05:16PST1993 3 100.00 9.500 5.000 2.236
Wed Feb24 11:08:44PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 12:12:14PST1993 8 100.00 12.000 48.421 6.959
Wed Feb24 13:15:43PST1993 2 100.00 9.500 5.000 2.236
Wed Feb24 14:19:13PST1993 5 100.00 7.450 19.524 4.419

Figure 4.4 continued
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network node name : rover
received round-trip round-trip round-trip

time rating packet time time time
percent mean-value variance std-deviatiorTue Feb23 13:59:-OPST1-993 8 *000 0.000 0.000 0.000

Tue Feb23 15:02:49PST1993 6 *0.00 0.000 0.000 0.000
Tue Feb23 16:06:18PST1993 7 *0.00 0.000 0.000 0.000
Tue Feb23 17:09:46PST1993 7 *0.00 0.000 0.000 0.000
Tue Feb23 18:13:15PST1993 4 *0.00 0.000 0.000 0.000
Tue Feb23 19:16:42PST1993 8 *0.00 0.000 0.000 0.000
Tue Feb23 20:20:10PST1993 6 *0.00 0.000 0.000 0.000
Tue Feb23 21:23:38PST1 993 5 *0.00 0.000 0.000 0.000
Tue Feb23 22:27:07PST1993 8 *0.00 0.000 0.000 0.000
Tue Feb23 23:30:36PST1 993 8 *0.00 0.000 0.000 0.000
Wed Feb24 O0:34:04PST1993 7 *0.00 0.000 0.000 0.000
Wed Feb24 01:37:32PST1 993 7 *0.00 0.000 0.000 0.000
Wed Feb24 02:41 :OOPST1 993 8 *0.00 0.000 0.000 0.000
Wed Feb24 03:44:28PST1993 7 *0.00 0.000 0.000 0.000
Wed Feb24 04:47:57PST1 993 5 *0.00 0.000 0.000 0.000
Wed Feb24 05:51 :25PST1 993 4 *0.00 0.000 0.000 0.000
Wed Feb24 06:54:53PST1993 6 *0.00 0.000 0.000 0.000
Wed Feb24 07:58:21 PST1 993 8 *0.00 0.000 0.000 0.000
Wed Feb24 09:015:48PST1 993 8 *0.00 0.000 0.000 0.000
Wed Feb24 09:05:16PST1993 6 *0.00 0.000 0.000 0.000
Wed Feb24 11:08:44PST1993 8 *0.00 0.000 0.000 0.000
Wed Feb24 12:12:14PST199310 *0.00 0.000 0.000 0.000
Wed Feb24 13:15:43PSTI993 9 *0.00 0.000 0.000 0.000
Wed Feb24 14:19:13PST1993 7 *0.00 0.000 0.000 0.000

Figure 4.4 continued

Observing the NPS campus network traffic situation, we select the 'ece' network node

as the server and our local host as the client to simulate the file transfer process. Through

the file transfer simulation, we can get the on-going network traffic status information

between the server and client network nodes. First the reachability of 'ece' network node

is tested by using the 'ECHO data packet-ping utility' function. We then start the file

transfer simulation program at both sites of the server and the client. After the file transfer

simulation began, the 'show network status utility' function, I/O statistics report utility'

function and 'virtual memory statistics report utility' function were used to monitor further
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network status. It also generates I/0 and the virtual memory statistics reports of the client

computer host.

Figure 4.5 shows the current active sockets in our network node. There the first TCP

active socket record displays the network traffic information in our file transfer simulation.

It includes the following network information:

1. active socket protocol: TCP
2. data packet size: 1024 bytes
3. local address: 131.120.5.22 (IP address of our network node)
4. port number of local address: 1187
5. foreign address: 131.120.20.2 (IP address of 'ece' network node)
6. port number of foreign address: 7003
7. state: ESTABLISHED

These information showed the situation of an active socket invoked by the file transfer

simulation. From these information it possible to find out that the file transfer simulation

works well.

4

624

I I I I I I I , I



Active Internet Connection (including servers)

PCB Proto Recv-Q Send-Q Local Address Foreign Address (state)

ffa5eeoc udp 0 0 *.18O4 *

ffa6408cudP 0 0 '.1798
ffaeb78c udp 0 0 *.645
ffa69b8c udp 0 0o.1022
ffa6768c udp 0 0 *1020
ffa798Oc udp 0 0
Ifa5a%-ocudp 0 0 *. 1345
ffa4e9oc udp 0 0 *.695
ffa4e3Oc udp 0 0 *696 *

ffa5700c udp 0 o *.1053
ffa57l8c udp 0 0 *.1052
ffa5748c udp 0 0 *1051
ffa5740c udp 0 0 *1050
fta5750c udp 0 0 *.1049
ffa5768c udp 0 0Q*.9 *

ffa5790c u p 0 0 *13
ffa57b8c udp 0 0 **9 *

fta57e8c udp 0Q Q*7
ffa5408c udp 0 0 *.37
ffa5458c udp 0 0 *.517
ffa5470c udp 0 0 *.512
ffa54eOc udp 0 0 *.42 *

ffa54b8c udp 0 0 *736
fta5548c udp 0 0 ¶.733 *

ffa4e80c udp 0 0 *.728 *

ffa4e4Oc udp 0 0 ¶.705
ffa5578c udp 0 0 ¶.725
ffa5568cudp 0 0 *.724
ffa55a8c udp 0 0 *1048 *

ffa55b8c udp 0 0 *1047
ffa55d8c udp 0 0 *1046
ffa55dOc udP 0 0 *1045 *

ffa4e7oc udp 0 0 ¶706
ffa4fo8c udp 0 0 *.**
ffa4eaoc udp 0 0 *.699 *

fae98c udp 0 0 *,514 *

ff4edoc udp 0 o0*.1023 *

ffa4f4oc ud~p 0 0 *.520
ffa4f60c udp 0 0 *-659
ffa4f8Oc udp 0 0 *.1027 *

ffa4fc0c udp 0 0 ~*1043
ffa4faoc udp 0 0 *All1
ffa4fc8c udp 0 0 *.1025 *

flaMdOD tC Q = l131,120.5,22,1187 131.120.20.2.7=0 mumgjj[ý
Figure 4.5 Active Sockets Ionfoation Report
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ffa6o38c tcp 0 0 *.6000 LISTEN
fta7040c tcp 0 0 1056 LISTEN
ffa56e8c tcp 0 0*.1027 LISTEN
ffa5788c tcp 0 0 *.19 * LISTEN
ffa57aOc tcp 0 0*.13 LISTEN
ffa57dOc tcp 0 0 *.9 LISTEN
ffa54O(Cc tcp 0 0 *.7 * LISTEN
ffa542( c tcp 0 0 *.37 * LISTEN
ffa5438c tcp 0 0 *.79 LISTEN
ffa5448c tcp 0 0 *.540 * LISTEN
ffa5478c tcp 0 0 *.512 LISTEN
ffa5480c tcp 0 0 *.513 LISTEN
ffa5500c tcp 0 0 *.514 LISTEN
ffa54dOc tcp 0 0 *.515 * LISTEN
ffa54e8c tcp 0 0 *.23 LISTEN
ffa5540c tcp 0 0 *.21 LISTEN
ffa5570c tcp 0 0 *.721 LISTEN
ffa5590c tcp 0 0 *.718 LISTEN
ffa55cOctcp 0 0 *.713 ** LISTEN
ffa4e08c tcp 0 0 *.709 LISTEN
ffa4e38c tcp 0 0 *.708 LISTEN
ffa4flc tcp 0 0".25 00 LISTEN
ffa4f48c tcp 0 0 *.* * LISTEN
ffa4fd8c tcp 0 0 *-1024 * LISTEN
ffa4f88c tcp 0 0".111 * LISTEN

Figure 4.5 continued

We also queried the 1/O and others system information during the file transfer

simulation. Figure 4.6 and Figure 4.7 showed the I/O activities and other system

information including the process. real/virtual memory, page swapping, page fault, CPU

time, and disk operation in our computer host. (The meaning of each field in Figure 4.6 &

4.7, can be found in Appendix B.) The system/network manager could use these system

information to monitor and diagnose the computer system operations. With the reports. the

network managers may repair or remove problems that caused the bottleneck of the

network traffic.
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tty srO Cpu

tin tout rpi wpi util us ni sy id

0 4 29608 36094 0.4 1 0 2 97
0 38 0 0 0.0 4 0 21 74
0 478 1 0 2.0 17 0 18 65
0 37 0 0 0.0 3 0 12 84
0 37 0 0 0.0 2 0 24 74
0 37 0 0 0.0 4 0 19 77
0 37 0 0 0.0 5 0 19 76
0 37 0 0 0.0 4 0 21 75
0 37 0 0 0.0 8 0 29 63
0 485 0 7 10.9 18 0 21 61

Figure 4.6 I/O Statistics Report

procs memory page disk faults cpu

r b wavm fre si so pi po fr de sr sOsl s2 s3 in sy cs us sy id

1 0 0 016324545 0 0 0 0 0 0 0 0 0 0 71 14 1 2 97
00 0 01608 0 0 0 0 0 0 0 0 0 0 0 0432 173 152462
00 0 01608 00 0 0 0 0 0 0 0 0 0 004 169 428 77
00 0 01552 0 0 0 0 0 0 0 0 0 0 0 0388 168 1 23 76
00 0 01552 0 0 0 0 0 0 0 0 0 0 0 0378 168 32473
00 0 01552 0 0 0 0 0 0 0 0 0 0 0 0372 167 42471
00 0 01536 0 0 0 0 0 0 0 0 0 0 0 0411 166 525 80
00 0 01536 0 0 0 0 0 0 0 4 0 0 0 0392165 523 72
00 0 01536 0 0 0 0 0 0 0 0 0 0 0 0382 163 1515 70
00 0 01536 0 0 0 0 0 0 0 0 0 0 0 0374164 520 75

Figure 4.7Virtual Memory Statistics Report
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File Transfer Simulation Statistics Report ....
The address of server :131.120.20.2
The file name is TCP 1024.1MB
The file length is 1048-576 bytes
The sample number of record is: 100
The time hour interval range is :per 10 minutes
*** File transfer simulation time range ***

File transfer simulation start time: Wed Mar 3 01:28:49 1993
File transfer simulation end time : Wed Mar 3 01:51:16 1993
The file transfer simulation time hour interval begin: Wed Mar 3 01:28:49 1993
The file transfer simulation time hour interval end : Wed Mar 3 01:38:49 1993
The percent in this time hour interval is : 44.00

The file transfer simulation time hour interval begin: Wed Mar 3 01:38:49 1993
The file transfer simulation time hour interval end : Wed Mar 3 01:48:49 1993
The percent in this time hour interval is : 45.00
The file transfer simulation time hour interval begin: Wed Mar 3 01:48:49 1993
The file transfer simulation time hour interval end : Wed Mar 3 01:51:16 1993
The percent in this time hour interval is :11.00
*** File transfer with disk I/O ***

The mean value is :13.187021 seconds
The variance : 0.194408 seconds
The standard deviation is : 0.440918 seconds
The max file transfer time is: 15 sec, 131321 usec
The min file transfer time is : 12 sec, 796478 usec

The file transfer time range from 12 seconds io 13 seconds is : 39.00 percent
The file transfer time range from 13 seconds to 14 seconds is : 53.00 percent
The file transfer time range from 14 seconds to 15 seconds is : 7.00 percent
The file transfer time range from 15 seconds to 16 seconds is :1.00 percent

*** File transfer with disk I/O ***
The mean value is : 12.499682seconds
The variance : 0.182435 seconds
The standard deviation is : 0.427124 seconds
The max file transfer time is: 14 sec,468310 usec
The min file transfer time is : 12 sec,130410 usec
The file transfer time range from 12 seconds to 13 seconds is : 91.00 percent
The file transfer time range from 13 seconds to 14 seconds is : 8.00 percent
The file transfer time range from 14 seconds to 15 seconds is: 1.00 percent

End of file transfer data statistics function

Figure 4.8 File Transfer Simulation Statistics Report
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When we finish the file transfer simulation, we generate the 'file transfer simulation

statistics report' in Figure 4.8 to show the network traffic status between our host and the
*ece' node. In this 100 samples file transfer simulation report, we get a lot of network traffic

measurements. First, It found that this file transfer simulation used about 23 minutes. There

are 44% file transfers in the first ten minutes and 45% file transfers in the interval between

10th minute and 19th minute. In the last three minutes, there are 11% file transfers. This

showed that the file transxf. ..,ulation samples distributed evenly in the simulation

duration. It showed that there was a stable network traffic between these two network nodes

during the simulation period. Let us look at the file transfer time used to transfer an one

Mbytes file. There are two types of file transfer time: file transfer with disk I/O time and

file transfer without disk I/O time. The file transfer with disk I/O is the actual time spent in

the file transfer simulation. The file transfer without disk I/O time is the time spent in the

network. The average time of file transfer with disk I/Os is 13.19 seconds. There are 92

samples in file transfer simulation using 12-14 seconds. As for the file transfer without disk

I/O time, the average time is 12.50 seconds. The total 91 file transfers used 12-13 seconds.

From the average file transfer time and the percentage, the continuous network traffic

between our host node and the 'ece' network node appears to be very stable.

C. SUMMARY

The 'network traffic measurement utility' implements many facilities for users and

network managers to query the specified network traffic status. The query results will help

them do adjustments and tune the system for better performance and throughput. In NPS

campus network traffic monitoring example, the 'network traffic measurement utility' is

used to monitor the NPS campus network traffic status for one day. The long-term

monitoring produced good results. For example, we noticed that the node 'rover' is down.

Additionally, a 'ece' network node was selected for testing the performance of file transfer

simulation. The continual network traffic throughput was measured. During the file transfer

simulation, system information of our computer host were gathered. It is possible to notice
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whether there is any network bottleneck. In our experiments, both results show a stable

campus network viewing from our local host. Timely and accurate information on the

network status will help a network manager enhance the network throughput and

performance. A pruper use of the tool will achieve the primary goal of the network

performance management.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The network traffic monitoring utility is designed and composed of three major

functions: 'individual host network status query'. 'network profile traffic status query' and
'network profile maintenance'. The 'individual host network status query' function

includes several subfunctions for users to retrieve the network and system status of the host

running the utility. The 'network profile traffic status query' function uses a network profile

to monitor the network traffic status of a star topology that conforms the Internet SNMP

model. Users may learn the network reachability and network traffic status, and traffic

rating. This profile traffic monitoring can be done either in real-time or long-term modes.

The 'network profile maintenance' function provides a tool for user to maintain the

network profile. The profile maintenance allows managers to reconfigure the network.

The network traffic status is an important indicator of the network's health.

Understanding the network traffic situation, the network users can schedule the network

applications by avoiding network congestions. The network applications become more

efficient and effective. Additionally, the network traffic status can be used to diagnose the

network. Through the network configuration management, network managers may

improve the performance and throughput for network performance management.

In short, this utility provides a network traffic status query environment for network

managers. These useful network traffic information are the basis for the network

performance management: efficient performance and high throughput.

B. SUGGESTION FOR FURTHER RESEARCH

There are still several areas we need to discuss and improve this utility and network

performance management:
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1. Improvement to Users Interfaces

In this utility, users input the network traffic query parameters interactively (See

Appendix A) in the ASCII codes. Graphical users interfaces would make the software much

more user friendly. About the network traffic query output, although there are many

network traffic information available for users, these output are all in text reports. If the

output information is in graphics display, it may help users more easily understand the

network traffic situation. It is possible to setup the multiple windows environment to query

and display different network traffic situations simultaneously. This can help users to

realize the network traffic situation more precisely and efficiently.

2. Portability Improvement

This utility uses several UNIX system commands to collect the network and

system status. This would constrain the portability of this utility. It's possible to include the

source code of these UNIX system commands into the utility source code. It may be

desirable to write the programs having the same functions as these UNIX system

commands. It will improve the portability of this utility.

3. Developing a Scheduling/Dispatching Algorithm for Network Performance

Management

This utility provides some network traffic information. It shows only the network

traffic situation, but it does not tell users how to schedule the network applications or

reconfigure the network. This seems to be inadequate for users and network managers. If

we could use the result of this utility as the input to a Scheduling/Dispatching algorithm,

recommendation report for users can be generated. Users could use this recommendation

report to schedule the network applications. The network managers could reallocate the

network resources and configurations according to this recommendation report. This

algorithm might help users to get better performance over the network. This would be a

positive contribution in the network performance management.
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APPENDIX A - A DIALOGUE OF NPS CAMPUS NETWORK TRAFFIC

MONITORING

This appendix intends to document the dialogue of traffic monitoring of using the

NPS campus network. It is divided into three parts: 'network profile setup', 'profile traffic

status', and 'individual network node traffic status measurement'.

A. NETWORK PROFILE SETUP

A network profile describes the network nodes at NPS campus, which is created by

using nodes available on the NPS campus. Initially it is necessary to get all the names or

addresses of these nodes. The 'Internet domain name server query' function can be used to

obtain node names and addresses. When using this function, we need to set the default

name server to the 'nps.navy.mil', the domain name of the NPS campus. Within the server

query, one can retrieve detailed information by using the 'Is' command. The following two

figures show the dialogues of NPS campus network nodes query.
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<<<<< Network Traffic Measure Individual Host Query Menu >>>>>

1. Host Name and Address Query
2. Query Internet Domain Name Servers Utility
3. ECHO Data Packets - Ping Utility
4. Show Network Status Utility
5. I/O Statistics Report Utility
6. Virtual Memory Statistics Report Utility

7. UNIX Command Tools
8. File Transfer Measurement Tools

9. Exit

Please select one function (1-9) ===»

Figure A. I Individual Host Network Status Query Menu

In Figure A.2, one finds that many NPS network node information are retrieved from

the same server. But the same network node may have several copies in the above dialogue.

How can we check network nodes listed in the above dialogue? The 'host name and address

query' function can validate the information of nodes by using the 'Is' command in the

'Internet domain name server query' function. Figure A.3 shows the dia'ogue.

Do you want to use the local host's name server
instead of the default servers ===> (Y/N) y
Please input the symbolic name/intemet address of server ==>

nps.navy.miu
!!! Type 0> or <help> for interactive query help !!
!! Type <exit> to exit the Intemet Domain Name Servers Utility !!

Default Server : nps.navy.mil
Address: 131.120.254.52
> Is nps.navy.mil
[nps.navy.mil]
Host or domain name

Figure A.2 A Dialogue of NPS Campus Network Nodes Query
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nps server = nps.navy.mil
nps 131.120.254.52
nps 131.120.254.52
Ioghost 127.0.0.1
Iocalhost 127.0.0.1
aa server =sn1s.navy0mil

nps 131.120.254.52
ece server = srv2-gw.ece.nps.navy.mil
srv2-gw 131.120.254.20
ece 131.120.20.2
oc server = oc.nps.navy.mil
oc 131.120.60.11
oc 131.120.60.11
ns server = nps.navy.mil
nps 131.120.254.52
mis 131.120.80.1
or server = nps.navy.mil
nps 131.120.254.52
as server = is1 .as.nps.navy.mil
is1 131.120.39.2
cc server = galaxy.cc.nps.navy.mil
galaxy 131.120.50.55cc
alpha 1125.
beta 131.120.254.56
pegasus 131.120.57.6
physics server = nps.navy.mil
nps 131.120.254.52
cs server = taurus.cs.nps.navy.mil
taurus 131.120.254.1
sagan 131.120.254.58
rover 131.120.254.8
seawolf 131.120.81.4
gamma 131.120.254.57
csrg server = csrg.nps.navy.mil
csrg 131.120.29.1
csrg 131.120.29.1
mtry 131.120.57.11
met server = killdeer.met.nps.navyy.mil
killdeer 131.120.254.163
trac 131.120.57.2
math server = nps.navy.mil
nps 131.120.254.52
me server = nps.navy.mil
nps 131.120.254.52
tpdc server = nps.navy.mil
nps 131.120.254.52
tpdc 131.120.50.58

> exit
Figure A.2 continued
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"** Please input the symbolic name/Intemet address of server ==>
nps

*** 131.120.254.52 host information
official host name nps.navy.mil
alias listing
address type 2
address length 4
Internet address :131.120.254.52

Do you want to query another host information (Y/N) y

Please input the symbolic name/Intemet address of server ==>
ece
*** 131.120.20.2 host information
official host name : ece.nps.navy.mil
alias listing
address type : 2
address length : 4
Internet address :131.120.20.2

Do you want to query another host information (Y/N) y
Please input the symbolic name/Internet address of server ==>

mis

!!! the host name error: mis, please input the correct name. !!!
!!! Network host name/address is error !!1

Do you want to query another host information (Y/N) y

Please input the symbolic name/Intemet address of server ==>
beta
!!! the host name error : beta, please input the correct name. !!!
!!! Network host name/address is error M!

Figure A.3 A dialogue of Host Name and Address Query

The 'host name and address query' function checks the symbolic names and IP

addresses of the listed network nodes and finds there are only about ten network nodes' are

correct information. Figure A.3 shows the dialogues. Having collected the correct

information of the network nodes, we can create an NPS network profile by using the

network profile maintenance function.
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<<<<< Network Profile Maintain >>>>>

1. Add a network profile

2. Delete a network profile

3. Update a network profile

4. Exit

Please select one function (1 - 4) ===> 1

Figure A.4 A Menu of Network Profile Maintain function

We can select the 'add a network profile' subfunction to create the network profile (see

Figure A.4). Afte; selecting the 'add a network profile' subfunction. it is necessary to

specify a network profile name and confirm it. Then it is allowed to input the correct

symbolic names or IP addresses of NPS network nodes. To exit the profile creation, one

can use either the 'exit' or 'quit' command. Figure A.5 shows the dialogue of a new

network profile creation.
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npsPlease input a file name for a new network profile ===>nps

Check profile name, please wait !!!

Do you want to create this network profile : nps (Y/N) y
!!! nps network profile create is proceeding !!

Please input the symbolic name/IP address of a network node
!!! Please type <exit> or <quit> to end network node input !!!

add profile record > nps
!!! nps is written into the nps file !!!

add profile record > ece
!!! ece is written into the nps file !!!

add profile record > oc
!!! oc is written into the nps file !!!

add profile record > cc
!!! cc is written into the nps file !!!

add profile record > pegasus
H! pegasusis written into the nps file !

add profile record > cs
!!! cs is written into the nps file M!!

add profile record > taurus
!!! taurus is written into the nps file M!!

add profile record > rover
!!! rover is written into the nps file !!

add profile record > csrg
!!! csrg is written into the nps file !
add profile record > 131.120.57.2
!!! 131.120.57.2 is written into the nps file {!

add profile record > exit

Do you want to add another network profile (Y/N) n

Figure A.5 A Dialogue of Add a Network Profile Command

B. PROFILE TRAFFIC STATUS

In this example, we will use the NPS campus network to measure its network traffic

situations. The NPS campus network traffic can be monitored by the 'network profile
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traffic status query' function. Network profile is a means to represent the underlying

network configuration. This function will u.e the monitored traffic status to generate

several network statistics. Reachability test shown in Figure A.6 on each node must be

performed before starting actual traffic monitoring. In this case, the network profile used is

Inps' in the reachability test. The dialogue of profile selection is shown in Figure A.7.

<<<<< Network Profile Query >>>>>

1. Reachability Test

2. Traffic Statistics

3. Network Node Traffic Status Rating

4. Exit

Please select one function (1 - 4) = >

Figure A.6 A Menu of Network Profile Traffic Status Query Function
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Network profile listing

1.ac
2. nps
3. testl
4. test2
5. test3

Please select one, <6> to exit ===> 2

Do you want tn browse the content of this network profile nps (Y/N) y

nps
ece
oc
cc

ipegasus
'cs
taurus
rover
csrg

1131.120.57.2

Do you really want to use this network profile npR -- => (Y/N) y

Figure A.7 A Dialogue of Network Profile Selection

Figure A.8 displays the reachability report of the NPS campus network. In this report,

there is no ICMP ECHORESPONSE datagram packet received from the

'rover.nps.navy.mil' network node. It means this network node can not be reached.
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Reachability Report

nps.navy.mil is alive
ece.nps.navy.mil is alive
oc.nps.navy.mil is alive
cc.nps.navy.mil is alive
peqasus.nps.navy.miJ is alive
mailboy.cs.nps.navy.mil is alive
taurus.cs.nps.navy.mil is alive
no answer from rover.nps.navy.mil
csrg.nps.navy.mil is alive
131.120.57.2 is alive

Figure A.8 NPS Campus Network Nodes Reachability Test Report

Having tested the reachabilities of NPS network nodes, one may monitor one day time

length of network traffic of NPS campus and sample hourly network traffic status in

records. The 'traffic statistics' and 'network node traffic status rating' subfunctions collect

the traffic status and generate the rating reports. The selection of these two subfunctions is

shown in Figure A.6. First, the selection of the 'traffic statistics' subfunction will retrieve

the NPS network traffic information. In the 'traffic statistics' subfunction shown in Figure

A.9, we need to select the 'long-term network traffic monitoring' subfunction to monitor

the NPS campus network traffic.

Monitoring the NPS campus network traffic requires the user's specification of a

network profile, 'nps' shown Figure A.7. Besides, it is necessary set several relevant

parameters to describe our scenario. See Figure A. 10. A UNIX shell file can be used in the

background for the monitoring task.

79



Network Traffic Query Mode Selection

1. real time network traffic query

2. long term network traffic m:nitoring

3. long term network traffic statistics report

4. Exit

Please select one function (1 - 4) ===»

Figure A.9 A Menu of Traffic Statistics Subfunction
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Please select the time unit of traffic monitoring

1. minute
2. hour
3. day
4. month(30 days)
5. year

Please select one time unit (1 - 5) ===>> 2

How many hours do you want to log the network traffic ===> 1

Please select one as the one traffic sample time unit

1. minute
2. hour
3. day

Please select one time unit (1 - 3) ===> 1
How many minutes do you want to collect one sample
the network traffic status ===> 10

Please input the datagram packet size (10 - 1024)
for the per traffics status collection =--=> 512

Please input the sampling number (5 - 100)
in per traffic status collection ===> 10

Figure A. 10 A Dialogue of Long Term Network Traffic Parameters Setting

Once the NPS's network traffic records are collected, we can use the 'long-term

network traffic statistic report' subfunction shown in Figure A.9 to generate the network

traffic statistics report. In this subfunction, we can select the 'npsl_day byper lhur'

traffic status file as the source file to generate the NPS campus network traffic statistics

report shown Figure A. 11.
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Long Term Traffic Statistics Report

network node name : nps percent time time time
time packets round-trip round-trip round-trip

received minimum average maximum

TueFeb 23 13:57:28 PST 1993 100.00 0 3 10
Tue Feb 23 15.00:51 PST 1993 100.00 0 0 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 1 10
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 10
Tue Feb 23 18:11:29 PST 1993 100.00 0 5 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 1 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 0 0
Tue Feb 23 23:23:29 PST 1993 100.00 0 1 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 4 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 3 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 9
Wed Feb 24 03:43:15 PST 1993 100.00 0 13 20
Wed Feb 24 04:46:53 PST 1993 100.00 0 2 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 1 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 2 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 1 20
Wed Feb 24 11:08:03 PST 1993 100.00 0 3 10
Wed Feb 24 12:11:37 PST 1993 100.00 0 3 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 3 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 0 10

Figure A. 11 NPS Campus One Day Network Traffic Statistics Report

82



network node name : ece
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 1 10
Tue Feb 23 15:00:51 PST 1993 1 O--,"' 0 0 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 9
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 0
Tue Feb 23 18:11:29 PST 1993 100.00 0 0 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 10
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 0 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 0 9
Tue Feb 23 23:23:29 PST 1993 100.00 0 1 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 9
Wed Feb 24 01:36:10 PST 1993 100.00 0 2 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 1 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 6 20
Wed Feb 24 04:46:53 PST 1993 100.00 0 1 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 0 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 10
Wed Feb 24 09:00:59 PST 1993 '00.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 0 10
Wed Feb 24 11:08:03 PST 1993 100.00 0 2 10
Wed Feb 24 12:11:37 PST 1993 100.00 0 3 20
Wed Feb 24 13:15:10 PST 1993 100.00 0 4 20
Wed Feb 24 14:18:43 PST 1993 100.00 0 1 10

Figure A. 11 continued
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network node name : oc
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 *0.00 - -
Tue Feb 23 15:00:51 PST 1993 100.00 0 5 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 5 20
Tue Feb 23 17:07:57 PST 1993 100.00 0 4 10
Tue Feb 23 18:11:29 PST 1993 100.00 0 5 20
Tue Feb 23 19:15:00 PST 1993 100.00 0 2 19
Tue Feb 23 20:18:31 PST 1993 100.00 0 4 19
Tue Feb 23 21:22:02 PST 1993 100.00 0 8 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 8 10
Tue Feb 23 23:23:29 PST 1993 100.00 0 5 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 4 30
Wed Feb 24 01:36:10 PST 1993 100.00 0 7 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 6 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 9 20
Wed Feb 24 04:46:53 PST 1993 100.00 0 3 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 2 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 9 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 10 20
Wed Feb 24 09:00:59 PST 1993 100.00 0 8 10
Wed Feb 24 10:04:31 PST 1993 100.00 9 10 20
Wed Feb 24 11:08:03 PST 1993 100.00 9 10 19
Wed Feb 24 12:11:37 PST 1993 100.00 10 10 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 8 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 2 10

Figure A. II continued
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network node name : cc
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 20 34 140
Tue Feb 23 15:00:51 PST 1993 100.00 20 32 80
Tue Feb 23 16:04:24 PST 1993 100.00 29 29 30
Tue Feb 23 17:07:57 PST 1993 100.00 29 30 40
Tue Feb 23 18:11:29 PST 1993 100.00 20 31 40
Tue Feb 23 19:15:00 PST 1993 100.00 30 213 1380
Tue Feb 23 20:18:31 PST 1993 100.00 30 30 39
Tue Feb 23 21:22:02 PST 1993 100.00 30 30 40
Tue Feb 23 22:25:34 PST 1993 100.00 30 31 40
Tue Feb 23 23:23:29 PST 1993 100.00 30 30 40
Wed Feb 24 00:32:38 PST 1993 100.00 30 30 30
Wed Feb 24 01:36:10 PST 1993 100.00 30 31 50
Wed Feb 24 02:39:42 PST 1993 100.00 29 32 50
Wed Feb 24 03:43:15 PST 1993 100.00 30 32 40
Wed Feb 24 04:46:53 PST 1993 100.00 29 29 30
Wed Feb 24 05:50:25 PST 1993 100.00 30 30 30
Wed Feb 24 06:53:56 PST 1993 100.00 30 30 40
Wed Feb 24 07:57:27 PST 1993 100.00 30 31 50
Wed Feb 24 09:00:59 PST 1993 100.00 20 31 40
Wed Feb 24 10:04:31 PST 1993 100.00 30 46 140
Wed Feb 24 11:08:03 PST 1993 100.00 30 36 90
Wed Feb 24 12:11:37 PST 1993 100.00 20 32 40
Wed Feb 24 13:15:10 PST 1993 100.00 30 32 40
Wed Feb 24 14:18:43 PST 1993 100.00 30 33 40

Figure A. 1 1 continued
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network node name: pegasus percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 0 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 0 9
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 0
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 9
Tue Feb 23 18:11:29 PST 1993 100.00 0 0 9
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 2 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 1 20
Tue Feb 23 23:23:29 PST 1993 100.00 0 0 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 0 9
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 0
Wed Feb 24 03:43:15 PST 1993 100.00 0 0 10
Wed Feb 24 04:46:53 PST 1993 100.00 0 0 0
Wed Feb 24 05:50:25 PST 1993 100.00 0 0 9
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 9
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 1 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 0 10
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 0
Wed Feb 24 12:11:37 PST 1993 100.00 0 0 0
Wed Feb 24 13:15:10 PST 1993 100.00 0 0 0
Wed Feb 24 14:18:43 PST 1993 100.00 0 0 10

Figure A. 11 continued

86



network node name : cs
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 1 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 1 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 2 20
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 10
Tue Feb 23 18:11:29 PST 1993 100.00 0 1 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 1 10
Tue Feb 23 22:25:34 PST 1993 100.00 0 0 10
Tue Feb 23 23:23:29 PST 1993 100.00 0 0 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 9
Wed Feb 24 01:36:10 PST 1993 100.00 0 0 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 1 20
Wed Feb 24 04:46:53 PST P3 100.00 0 0 10
Wed Feb 24 05:50:25 PSi . A3 100.00 0 1 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 1 10
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 10
Wed Feb 24 12:11:37 PST 1993 100.00 0 0 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 0 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 2 30

Figure A. 1 continued
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network node name : taurus
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 0 0
Tue Feb 23 15:00:51 PST 1993 100.00 0 0 10
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 10
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 0
"Tue Feb 23 18:11:29 PST 1993 100.00 0 0 0
"Tue Feb 23 19:15:00 PST 1993 100.00 0 0 0
"Tue Feb 23 20:18:31 PST 1993 100.00 0 1 10
"Tue Feb 23 21:22:02 PST 1993 100.00 0 0 0
Tue Feb 23 22:25:34 PST 1993 100.00 0 1 10
Tue Feb 23 23:23:29 PST 1993 100.00 0 0 0
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 0 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 0 0
Wed Feb 24 03:43:15 PST 1993 100.00 0 3 50
Wed Feb 24 04:46:53 PST 1993 100.00 0 0 0
Wed Feb 24 05:50:25 PST 1993 100.00 0 0 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 0 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 0 0
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 3 60
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 0
Wed Feb 24 12:11:37 PST 1993 100.00 0 0 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 1 10
Wed Feb 24 14:18:43 PST 1993 100.00 0 0 10

Figure A. I I continued
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network node name : rover
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 *0.00 - -

Tue Feb 23 15:00:51 PST 1993 *0.00 - -
Tue Feb 23 16:04:24 PST 1993 *0.00 - -
Tue Feb 23 17:07:57 PST 1993 *0.00 - -

Tue Feb 23 18:11:29 PST 1993 *0.00 -

Tue Feb 23 19:15:00 PST 1993 *0.00 - -

Tue Feb 23 20:18:31 PST 1993 *0.00 - -
Tue Feb 23 21:22:02 PST 1993 *0.00 - -
Tue Feb 23 22:25:34 PST 1993 *0.00 - -

Tue Feb 23 23:23:29 PST 1993 *0.00 - -

Wed Feb 24 00:32:38 PST 1993 *0.00 - -

Wed Feb 24 01:36:10 PST 1993 *0.00 - -
Wed Feb 24 02:39:42 PST 1993 *0.00 - -
Wed Feb 24 03:43:15 PST 1993 *0.00 - -
Wed Feb 24 04:46:53 PST 1993 *0.00 - -

Wed Feb 24 05:50:25 PST 1993 *0.00 -

Wed Feb 24 06:53:56 PST 1993 *0.00 - -

Wed Feb 24 07:57:27 PST 1993 *0.00 - -

Wed Feb 24 09:00:59 PST 1993 *0.00 - -

Wed Feb 24 10:04:31 PST 1993 *0.00 - -

Wed Feb 24 11:08:03 PST 1993 *0.00 - -

Wed Feb 24 12:11:37 PST 1993 *0.00 - -

Wed Feb 24 13:15:10 PST 1993 *0.00 - -

Wed Feb 24 14:18:43 PST 1993 *0.00 -

Figure A. I I continued
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network node name : csrg
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 0 1 10
Tue Feb 23 15:00:51 PST 1993 100.00 0 3 20
Tue Feb 23 16:04:24 PST 1993 100.00 0 0 9
Tue Feb 23 17:07:57 PST 1993 100.00 0 0 0
Tue Feb23 18:11:29 PST 1993 100.00 0 0 10
Tue Feb 23 19:15:00 PST 1993 100.00 0 0 10
"Tue Feb 23 20:18:31 PST 1993 100.00 0 0 10
Tue Feb 23 21:22:02 PST 1993 100.00 0 1 20
Tue Feb 23 22:25:34 PST 1993 100.00 0 1 10
Tue Feb 23 23:23:29 PST 1993 100.00 0 0 10
Wed Feb 24 00:32:38 PST 1993 100.00 0 0 10
Wed Feb 24 01:36:10 PST 1993 100.00 0 1 10
Wed Feb 24 02:39:42 PST 1993 100.00 0 1 10
Wed Feb 24 03:43:15 PST 1993 100.00 0 1 10
Wed Feb 24 04:46:53 PST 1993 100.00 0 0 10
Wed Feb 24 05:50:25 PST 1993 100.00 0 0 10
Wed Feb 24 06:53:56 PST 1993 100.00 0 1 10
Wed Feb 24 07:57:27 PST 1993 100.00 0 2 10
Wed Feb 24 09:00:59 PST 1993 100.00 0 0 10
Wed Feb 24 10:04:31 PST 1993 100.00 0 0 9
Wed Feb 24 11:08:03 PST 1993 100.00 0 0 10
Wed Feb 24 12:11:37 PST 1993 100.00 0 1 10
Wed Feb 24 13:15:10 PST 1993 100.00 0 2 20
Wed Feb 24 14:18:43 PST 1993 100.00 0 2 10

Figure A. I I continued
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network node name: 131.120.57.2
percent time time time

time packets round-trip round-trip round-trip
received minimum average maximum

Tue Feb 23 13:57:28 PST 1993 100.00 10 10 10
Tue Feb 23 15:00:51 PST 1993 100.00 10 13 80
Tue Feb 23 16:04:24 PST 1993 100.00 9 12 60
Tue Feb 23 17:07:57 PST 1993 100.00 10 13 60
Tue Feb 23 18:11:29 PST 1993 100.00 10 10 20
Tue Feb 23 19:15:00 PST 1993 100.00 10 13 70
Tue Feb 23 20:18:31 PST 1993 100.00 10 11 20
Tue Feb 23 21:22:02 PST 1993 100.00 10 11 20
Tue Feb 23 22:25:34 PST 1993 100.00 10 17 130
Tue Feb 23 23:23:29 PST 1993 100.00 10 11 30
Wed Feb 24 00:32:38 PST 1993 100.00 9 11 40
Wed Feb 24 01:36:10 PST 1993 100.00 10 10 20
Wed Feb 24 02:39:42 PST 1993 100.00 10 10 20
Wed Feb 24 03:43:15 PST 1993 100.00 10 10 20
Wed Feb 24 04:46:53 PST 1993 100.00 10 10 20
Wed Feb 24 05:50:25 PST 1993 100.00 10 11 40
Wed Feb 24 06:53:56 PST 1993 100.00 10 10 10
Wed Feb 24 07:57:27 PST 1993 100.00 10 13 70
Wed Feb 24 09:00:59 PST 1993 100.00 10 12 60
Wed Feb 24 10:04:31 PST 1993 100.00 10 32 450
Wed Feb 24 11:08:03 PST 1993 100.00 10 16 70
Wed Feb 24 12:11:37 PST 1993 100.00 10 12 60
Wed Feb 24 13:15:10 PST 1993 100.00 10 16 140
Wed Feb 24 14:18:43 PST 1993 100.00 10 13 80

Figure A. I1 continued

The 'network node traffic status rating' subfunction shown in Figure A.6 can generate

the 'long-term network traffic status rating report'. In this subfunction, we can follow the

steps used in the 'traffic statistics' subfunction: select the 'long-term network node rating

traffic monitoring' subfunction in Figure A. 12 and then set the parameters for NPS campus

network traffic monitoring in Figure A. 10. Finishing the NPS campus network traffic status

collection, selecting the 'long-term network node traffic rating statistic report' subfunction

in Figure A. 12 to generate the report shown in Figure A. 13 is allowed.
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Network Traffic Rating Query Mode Selection

1. real time network node rating traffic query

2. long term network node rating traffic monitoring

3. long term network node traffic rating statistics report

4. Exit

Please select one function (1 - 4) ==>

Figure A. 12 A Menu of Network Node Traffic Status Rating Subfuncuion
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***** Long Term Network node traffic status rating report

network node name: pegasus
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 15:02:49PST1993 1 100.00 0.500 5.000 2.236
Tue Feb23 16:06:18PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 17:09:46PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 18:13:15PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 19:16:42PST1993 1 100.00 0.000 0,000 0.000
Tue Feb23 20:20:10PST1993 4 100.00 1.500 13.421 3.663
Tue Feb23 21:23:33P6T1393 3 100.00 1.000 9.474 3.078
Tue Feb23 22:27:07PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 23:30:36PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 00:34:04PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 01:37:32PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 02:41:00PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 03:44:28PST1993 3 100.00 1.500 13.421 3.663
Wed Feb24 04:47:57PST1993 1 100.00 0.000 0,000 0.000
Wed Feb24 05:51:25PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 06:54:53PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 07:58:21PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 09:01:48PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 10:05:16PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 11:08:44PST1993 2 100.00 0.500 5.000 2,236
Wed Feb24 12:12:14PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 13:15:43PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 14:19:13PST1993 3 100.00 1.000 9.474 3.078

Figure A.13 NPS Campus One Day Network Nodes Traffic Rating Report
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network node name : cs
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 1 100.00 0.000 0.000 0.000
TueFeb2315:02:49PST1993 4 100.00 2.500 19,737 4.443
Tue Feb23 16:06:18PST1993 3 100.00 1,000 9.474 3.078
Tue Feb23 17:09:46PST1993 4 100.00 1,500 23.947 4.894
Tue Feb23 18:13:15PST1993 1 100.00 0.000 0,000 0.000
Tue Feb23 19:16:42PST1993 6 100.00 1.000 20.000 4.472
Tue Feb23 20:20:10PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 21:23:38PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 22:27:07PST1993 5 100.00 2.000 37.895 6.156
Tue Feb23 23:30:36PST1993 2 100.00 0,500 5.000 2.236
Wed Feb24 00:34:04PST1993 4 100.00 2.000 16.842 4.104
Wed Feb24 01:37:32PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 02:41:00PST1993 4 100.00 2.000 8.576 2.929
Wed Feb24 03:44:28PST1993 1 100.00 0.500 5.000 2.236
Wed Feb24 04:47:57PST1993 4 100.00 0.950 9.474 3.078
Wed Feb24 05:51:25PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 06:54:53PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 07:58:21PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 09:01:48PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 10:05:16PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 11:08:44PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 12:12:14PST1993 7 100.00 4.000 35.789 5.982
Wed Feb24 13:15:43PST1993 4 100.00 1.450 12.576 3.546
Wed Feb24 14:19:13PST1993 1 100.00 0.000 0.000 0.000

Figure A. 13 continued
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network node name taurus received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviatior

TueFeb2313:59:10PST1993 2 100.00 0.450 4.050 2.012
Tue Feb23 15:02:49PST1993 3 100.00 2.000 16.842 4.104
Tue Feb23 16:06:18PSTi993 1 100.00 0.000 0.000 0.000
Tue Feb23 17:09:46PST1993 6 100.00 2.500 30.263 5.501
Tue Feb23 18:13:15PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 19:16:42PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 20:20:10PST1993 2 100.00 0.500 5.000 2.263
Tue Feb23 21:23:38PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 22:27:O7PST1993 2 100.00 0.450 4.050 2.012
Tue Feb23 23:30:36PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 00:34:04PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 01:37:32PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 02:41:00PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 03:44:28PST1993 1 100.00 0.500 5.000 2.236
Wed Feb24 04:47:57PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 05:51:25PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 06:54:53PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 07:58:21PST1993 6 100.00 2.000 27.386 5.231
Wed Feb24 09:01:48PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 10:05:16PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 11:08:44PST1993 3 100.00 0.900 7.674 2.770
Wed Feb24 12:12:14PST1993 4 100.00 0.950 18.050 4.249
Wed Feb24 13:15:43PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 14:19:13PST1993 2 100.00 0.500 5.000 2.236

Figure A. 13 continued
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network node name : csrg
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 3 100.00 0.500 5.000 2.236
Tue Feb23 15:02:49PST1993 5 100.00 3.000 22.105 4.702
Tue Feb23 16:06:18PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 17:09:46PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 18:13:15PST1993 1 100.00 0.000 0.000 0.000
Tue Feb23 19:16:42PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 20:20:10PST1993 1 100.00 0.000 0.000 0.00C
Tue Feb23 21:23:38PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 22:27:O7PST1993 3 100.00 1.000 9.474 3.076
Tue Feb2323:30:36PST1993 3 100.00 1.000 9.474 3.078
Wed Feb24 00:34:04PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 01:37:32PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 02:41:00PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 03:44:28PST1993 2 100.00 1.000 9.474 3.078
Wed Feb24 04:47:57PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 05:51:25PST1993 2 100.00 0.500 5.000 2.236
Wed Feb24 06:54:53PST1993 1 100.00 0.000 0.000 0.000
Wed Feb24 07:58:21PST1993 2 100.00 0.450 4.050 2.012
Wed Feb24 09:01:48PST1 993 6 100.00 2.950 31.945 5.652
Wed Feb24 10:05:16PST1993 4 100.00 2.000 16.842 4.104
Wed Feb24 11:08:44PST1993 6 100.00 1.500 13.421 3.663
Wed Feb24 12:12:14PST1993 3 100.00 1.500 13.421 3.663
Wed Feb24 13:15:43PST1993 6 100.00 2.500 19.737 4.443
Wed Feb24 14:19:13PST1993 6 100.00 6.500 402.895 20.072

Figure A. 13 continued
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network node name : ece
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 4 100.00 1.500 13.421 3.663
Tue Feb23 15:02:49PST1993 2 100.00 1.500 13.421 3.663

Tue Feb23 16:06:18PSTI 993 3 100.00 1.000 9.474 3.078
Tue Feb23 17:09:46PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 18:13:15PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 19:16:42PST1993 3 100.00 1.000 9.474 3.078
Tue Feb23 20:20:1 OPST1 993 3 100.00 1.000 9.474 3.078
Tue Feb23 21:23:38PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 22:27:07PST1 993 3 100.00 1.000 9.474 3.078
Tue Feb23 23:30:36PST1993 4 100.00 1.500 13.421 3.663
Wed Feb24 00:34:04PST1993 3 100.00 1.500 13.421 3.663
Wed Feb24 01:37:32PST1 993 3 100.00 0.500 5.000 2.236
Wed Feb24 02:41:00PST1993 5 100.00 1.450 12.576 3.546
Wed Feb24 03:44:28PST1 993 5 100.00 4.000 25.263 5.026
Wed Feb24 04:47:57PST1 993 3 100.00 0.500 5.000 2.236
Wed Feb24 05:51:25PST1 993 3 100.00 1.000 9.474 3.078
Wed Feb24 06:54:53PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 07:58:21 PST1 993 7 100.00 5.000 68.421 8.272
Wed Feb24 09:01:48PST1 993 3 100.00 0.950 8.576 2.929
Wed Feb24 10:05:16PST1993 4 100.00 2.000 16.842 4.104
Wed Feb24 11:08:44PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 12:12:14PST1993 5 100.00 2.450 18.997 4.359
Wed Feb24 13:15:43PST1993 7 100.00 2.000 27.368 5.231
Wed Feb24 14:19:13PST1993 3 100.00 1.000 9.474 9,474

Figure A. 13 continued

97



network node name : nps received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 5 100.00 6.500 23.947 4.894
Tue Feb23 15:02:49PST1993 4 100.00 2.500 19.737 4.443
Tue Feb23 16:06:18PST1993 5 100,00 1.950 16.050 4.006
Tue Feb23 17:09:46PST1993 5 100.00 2.450 29.524 5.434
Tue Feb23 18:13:15PST1993 2 100.00 0.500 5.000 2.236
Tue Feb23 19:16:42PST1993 5 100.00 1.500 13.421 3.663
Tue Feb23 20:20:10PST1993 5 100.00 2.450 18.997 4.359
Tue Feb23 21:23:38PST1993 4 100.00 1.450 12.576 3.546
Tue Feb23 22:27:07PST1993 4 100.00 2.000 16.842 4.014
Tue Feb23 23:30:36PST1993 5 100.00 1.950 16.050 4.006
Wed Feb24 00:34:04PST1993 3 100.00 1.500 13.421 3.663
Wed Feb24 01:37:32PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 02:41:00PST1993 7 100.00 3.500 23.947 4.894
Wed Feb24 03:44:28PST1993 4 100.00 2.500 19.737 4.443
Wed Feb24 04:47:57PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 05:51:25PST1993 2 100.00 0.500 5.000 2,236
Wed Feb24 06:54:53PST1993 5 100.00 5.000 26.316 5.130
Wed Feb24 07:58:21PST1993 5 100.00 4.000 25.263 5.026
Wed Feb24 09:01:48PST1993 4 100.00 1.000 9.474 3.078
Wed Feb24 10:05:16PST1993 3 100.00 0.500 5.000 2.236
Wed Feb24 11:08:44PST1993 5 100.00 1.400 11.726 3.424
Wed Feb24 12:12:14PST1993 9 100.00 8.500 87.105 9.333
Wed Feb24 13:15:43PST1993 5 100.00 1.500 13.421 3.663
Wed Feb24 14:19:13PST1993 4 100.00 1.950 16.050 4.006

Figure A. 13 continued
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network node name : 131.120.57.2
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 6 100.00 13.500 45.000 6.708
Tue Feb23 15:02:49PST1993 1 100.00 10.500 5.000 2.236
Tue Feb23 16:06:18PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 17:09:46PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 18:13:15PST1993 2 100.00 10.500 5.000 2,236
Tue Feb23 19:16:42PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 20:20:10PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 21:23:38PST1993 2 100.00 10.500 5.000 2.236
Tue Feb23 22:27:07PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 23:30:36PST1993 2 100.00 10.500 5.000 2.236
Wed Feb24 00:34:04PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 01:37:32PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 02:41:00PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 03:44:28PST1993 2 100.00 11.000 9.474 3.078
Wed Feb24 04:47:57PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 05:51:25PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 06:54:53PS1 1993 4 100.00 11.000 9.474 3.078
Wed Feb24 07:58:21PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 09:01:48PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 10:05:16PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 11:08:44PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 12:12:14PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 13:15:43PST1993 3 100.00 10.400 5.200 2.280
Wed Feb24 14:19:13PST1993 1 100.00 10.000 0.000 0.000

Figure A. 13 continued
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network node name: cc
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 7 100.00 159.50052310.262 228.714
Tue Feb23 15:02:49PST1993 1 100.00 29.500 5.000 2.236
Tue Feb23 16:06:18PST1993 4 100.00 31.500 13.421 3.663
Tue Feb23 17:09:46PST1993 3 100.00 31.000 9.474 3.078
Tue Feb23 18:13:15PST1993 2 100.00 30.500 5.000 2.236
Tue Feb23 19:16:42PST1993 4 100.00 30.000 10.526 3.244
Tue Feb23 20:20:1OPST1 993 1 100.00 30.000 0.000 0.000
Tue Feb23 21:23:38PST1993 2 100.00 29.500 5.000 2.236
Tue Feb23 22:27:07PST1993 6 100.00 32.950 127.734 11.302
Tue Feb23 23:30:36PST1993 7 100.00 33.500 87.105 9.633
Wed Feb24 00:34:04PST1993 5 100.00 31.500 23.947 4.894
Wed Feb24 01:37:32PST1993 6 100.00 32.000 27.368 5.231
Wed Feb24 02:41:OOPST1993 3 100.00 30.500 5.000 2.236
Wed Feb24 03:44:28PST1993 6 100.00 34.000 56.842 7.539
Wed Feb24 04:47:57PST1993 2 100.00 30.450 4.050 2.012
Wed Feb24 05:51:25PST1993 3 100.00 31.000 9.474 3.078
Wed Feb24 06:54:53PST1993 2 100.00 29.950 0.050 0.224
Wed Feb24 07:58:21PST1993 4 100.00 30.900 9.994 3.144
Wed Feb24 09:01:48PST1 993 7 100.00 35.500 362.895 19.050
Wed Feb24 10:05:16PST1993 5 100.00 61.500 3202.895 56.594
Wed Feb24 11:08:44PST1993 7 100.00 41.500 560.789 23.681
Wed Feb24 12:12:14PST1993 6 100.00 32.900 31.253 5.590
Wed Feb24 13:15:43PST1993 8 100.00 32.450 82.155 9.064
Wed Feb24 14:19:13PST1993 3 100.00 31.000 9.474 3.078

Figure A. 13 continued
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network node name: oc
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 13:59:10PST1993 8 *0.00 0.000 0.000 0.000
Tue Feb23 15:02:49PST1993 2 100.00 8.500 13.421 3.663
Tue Feb23 16:06:18PST1993 6 100.00 6.450 23.629 4.861
Tue Feb23 17:09:46PST1993 4 100.00 3.500 23.947 4.894
Tue Feb23 18:13:15PST1993 3 100.00 5.000 26.316 5.130
Tue Feb23 19:16:42PST1993 7 100.00 4.000 25.263 5.026
Tue Feb23 20:20:1OPST1 993 1 100.00 10.000 0.000 0.000
Tue Feb23 21:23:38PST1993 1 100.00 10.000 0.000 0.000
Tue Feb23 22:27:07PST1993 7 100.00 10.000 157.895 12.566
Tue Feb23 23:30:36PST1993 6 100.00 7.950 16.682 4.084
Wed Feb24 00:34:04PST1993 6 1l,O.00 5.500 36.579 6.048
Wed Feb24 01:37:32PST1993 5 100.00 4.000 25.263 5.026
Wed Feb24 02:41:OOPST1993 6 100.00 11.000 20.000 4.472
Wed Feb24 03:44:28PST1993 2 100.00 11.000 9.474 3.078
Wed Feb24 04:47:57PST1993 1 100.00 10,000 0.000 0.000
Wed Feb24 05:51:25PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 06:54:53PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 07:58:21PST1993 3 100.00 10.500 5.000 2.236
Wed Feb24 09:01:48PST1993 5 100.00 6.900 21.568 4.644
Wed Feb24 10:05:16PST1993 3 100.00 9.500 5.000 2.236
Wed Feb24 11:08:44PST1993 1 100.00 10.000 0.000 0.000
Wed Feb24 12:12:14PST1993 8 100.00 12.000 48.421 6.959
Wed Feb24 13:15:43PST1993 2 100.00 9.500 5.000 2.236
Wed Feb24 14:19:13PST1993 5 100.00 7.450 19.524 4.419

Figure A. 13 continued
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network node name : rover
received round-trip round-trip round-trip

time rating packets time time time
percent mean-value variance std-deviation

Tue Feb23 ------- 8 --00 0.000 0.000 0.000
Tue Feb23 15:02:49PST1993 6 *0.00 0.000 0.000 0.000
Tue Feb23 16:06:18PST1993 7 *0.00 0.000 0.000 0.000
Tue Feb23 17:09:46PST1 993 7 *0.00 0.000 0.000 0.000
Tue Feb23 18:13:15PST1993 4 *0.00 0.000 0.000 0.000
Tue Feb23 19:16:42PST1993 8 *0.00 0.000 0.000 0.000
Tue Feb23 20:20:10PST1993 6 *0.00 0.000 0.000 0.000
Tue Feb23 21:23:38PST1 993 5 *0.00 0.000 0.000 0.000
Tue Feb23 22:27:37PST1 993 8 *0.00 0.000 0.000 0.000
Tue Feb23 23:30:36PST1 993 8 *0.00 0.000 0.000 0.000
Wed Feb24 00:34:64PSTI 993 7 *0.00 0.000 0.000 0.000
Wed Feb24 01:37:32PST1993 7 *0.00 0.000 0.000 0.000
Wed Feb24 02:41:00PST1993 8 *0.00 0.000 0.000 0.000
Wed Feb24 03:44:28PST1 993 7 *0.00 0.000 0.000 0.000
Wed Feb24 04:47:57PST1 993 5 *0.00 0.000 0.000 0.000
Wed Feb24 05:51:25PST1993 4 *0.00 0.000 0.000 0.000
Wed Feb24 06:54:53PST1993 6 *0.00 0.000 0.000 0.000
Wed Feb24 07:58:21PST1993 8 *0.00 0.000 0.000 0.000
Wed Feb24 09:015:48PST1 993 8 *0.00 0.000 0.000 0.000
Wed Feb24 10:05:16PST1993 6 *0.00 0.000 0.000 0.000
Wed Feb24 11:08:44PST1993 8 *0.00 0.000 0.000 0.000
Wed Feb24 12:12:14PST1 99310 *0.00 0.000 0.000 0.000
Wed Feb24 13:15:43PST1993 9 *0.00 0.000 0.000 0.000
Wed Feb24 14:19:13PST1993 7 *0.00 0.000 0.000 0.000

Figure A. 13 continued
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C. INDIVIDUAL NETWORK NODE TRAFFIC STATUS MEASUREMENT

After getting the long-term NPS campus network traffic information, we can select

the 'ece" network node as the server node and our network node as the client node, Under

this server/client network architecture. it is possible to use the file transfer to simulate the

network traffic load between these two nodes. This file transfer simulation measures the

continual network traffic between the client and the server,

Before starting the file transfer simulation, it is straight forward to use the 'ECHO data

packets - Ping Utility' function in Figure A. I to test the reachability of the server network

node. Having tested it, we found the 'ece' network node can be reached in Figure A. 14.

Then, we can execute the server part file transfer program in the 'ece' network node. After

activating the server part program, we will select the 'file transfer measurement tools'

function in Figure A. I to activate the client part file transfer program in our network node.

In the 'file transfer measurement tools' function, it is necessary to set the file transfer

simulation's parameters shown in Figure A. 16 in the 'file transfer measurement'

subfunction as shown in Figure A.15.

Welcome to the ECHO Data Packets - Ping Utility

Please input the symbolic name/internet Address of server ==> ece

. Please select one function for Ping Utility

!. Reachability test
2. Send echojrequest and get echo_response

with options of routing types, verbosity, datagram sizing

Please select one ===> 1

Please input the seconds of timeout (default 20 seconds) ===> 30

!!! Please wait for Ping Utility Process !!i

ece.nps.navv.mil is alive

Figure A. 14 A Dialogue of 'ece' Network Node Reachability Test
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<<<<< File Transfer Measurement Tools Main Menu >>>>>

1. File Transfer Measurement

2. Measurement Statistics Data Report

3. Data File Maintenance Utility

4. Exit

Please select one function (1 - 4) ===>

Figure A- 15 A Menu of File Transfer Measurement Tools function

104



Please input the symbolic name/internet address of server ===> ece

Please select the protocol for measurement

1. TCP
2. UDP

Please select one ==> 1

Please select the message buffer size for measurement

1. 1024 bytes
2. 512 bytes
3. 256 bytes

Please select one ==> 1

!I! Please wait a second for the transferred file size proceeding !

1.1 Mbytes
2. 2 Mbytes
3. 3 Mbytes
4. 128 Kbytes
5. 256 Kbytes
6. 512 Kbytes
7. 64 Kbytes

Please select one, <8> to exit ===> 1

Please input the measurement times that you want ==> 100

Figrue A. 16 A Dialogue of File Transfer Simulation Parameters Setting

When the file transfer simulation begins, we can use the 'individual host network

status query' function to retrieve the network and system status in the local computer host.

There are several query functions for the network status, input/output, and virtual memory

statistics reports. The 'Show Network Status Utility' function in Figure A. I retrieves the

network status of the host. There are two execution modes and three categories of network

status measurements shown in Figure A. 17.
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Welcome to the Network Status Utility

Please select the execution mode

1. BATCH mode
2. INTERACTIVE mode

Please select one ==> 2

Please select one function for Network Status Utility

1. Active Sockets
Display a list of active sockets for each protocol

2. Network Data Structure/Routing Table
Select one from various other network data structures

3. Cumulative Traffic Statistics of packet traffic
on configured network interfaces

Please select one ==> 1

Figure A.17 A dialogue of Show Network Status Utility Function for
Execution Mode and Network Information Selection

We can retrieve the active sockets information first to make sure that the file transfer

simulation works well. Before querying the active sockets, it is necessary to set the required

parameters for it as shown in Figure A.18. Figure A.19 shows the active sockets network

information. It is found that the first TCP active socket record displays the active TCP

socket used by the file transfer simulation.
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Please select options for function 1

Active Sockets

a- Show the stat of all sockets
A- Show the address of any protocol control blocks

associated with sockets (for debugging)
n- Show network addresses as numbers

Please select them ==> [aAn] aAn

Please select address family for function 1

1. AF INET address family

2. AFUNIX address family

Please select one ==> 1

Please input the system argument (default value /vmunix) ===>

Please input the core argument (default value :/dev/kmem) ===>

Figure A. 18 A Dialogue of Show Network Status Utility Function for
Active Sockets Parameters Setting
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Active Internet Connection (including servers)

PCB Proto Recv-Q Send-Q Local Address Foreign Address (state)

ffa5eeoc udp 0 0 *.1804
ffa6408c udp 0 0 *1798
ffa6b78c udp 0 0 *-645
ffa69b8c udp 0 0 *.1022
ffa6768c udp 0 0 *1020
ffa7980c udp 0 0 *

ffa5a5Oc udp 0 0*. 1345
ffa4e9Oc udp 0 0 *.695
ffa4e3Oc udp 0 0 *-696 *

ffa5700c udp 0 0 *.153
ffa57l8c udp 0 0 *1052
ffa5748c udp 0 0O*.1051 *

ffa5740c udp 0 0 *1050 *

ffa5750c udp 0 0 *1049
ffa5768c udp 0 04.19
ffa5790c udp 0 0 *.13 *

ffa57b8c udp 0 0 *9 *

ffa57e8c udp 0 0 *.7
ffa5408c udp 0 0 *.37
ffa5458c udp 0 0 *517
ffa5470c udp 0 0 *.512 *

ffa54eOc udp 0 0 *.42
ffa54b8c udp 0 0 *.736
ffa5548c udp 0 0 *.733
ffa4e80c ud P 0 *.728
ffa4e40c udp 0 0 *.705 *

ffa5578c udp 0 0 *.725
ffa5568c udp 0 0 *724
ffa55a8c udp 0 0 *.1048
ffa55b8c udp 0 0 *.1047 *

ffa55d8c udp 0 0 *.1046
ffa55dOc udp 0 0 *.1045
ffa4e7Oc udp 0 0 *.706
ffa4f08c udp 0 0
ffa4eaoc udp 0 0 *.699
ffa4e98c udP 0 0 *.514 *

ffa4edocudP 0 0 *1023
ffa4f40c udp 0 0 *.520
ffa4f6Oc udp 0 0 *.659
ffa4f8Oc udp 0 0 *.1027**
ffa4fcoc udp 0 0 *.143
ffa4faoc udp 0 0 *.ill
ffa4fc8c udp 0 0 *.1025

Figure A. 19 Active Sockets Information Report
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ffa6c38c tcp 0 0 *.6000 * LISTEN
ffa7040c tcp 0 0*.1056 LISTEN
ffa56e8ctcp 0 0 *.1027 LISTEN
ffa5788c tcp 0 0 *.19 LISTEN
ffa57a0c tcp 0 0 *.13 LISTEN
ffa57d0c tcp 0 0 *.9 LISTEN
ffa5400c tcp 0 0 *.7 LISTEN
ffa5420c tcp 0 0 *.37 LISTEN
ffa5438c tcp 0 0 *.79 LISTEN
ffa5448c tcp 0 0 *.540 LISTEN
ffa5478c tcp 0 0 *.512 LISTEN
ffa5480c tcp 0 0 *.513 LISTEN
ffa5500ctcp 0 0 *.514 LISTEN
ffa54dOc tcp 0 0 *.515 ** LISTEN
ffa54e8c tcp 0 0 *.23 LISTEN
ffa5540c tcp 0 0 *.21 LISTEN
ffa5570c tcp 0 0 *.721 * LISTEN
ffa5590ctcp 0 0 *.718 LISTEN
ffa55cOc tcp 0 0 *.713 * LISTEN
ffa4e08c tcp 0 0 *709 LISTEN
ffa4e38ctcp 0 0 *.708 * LISTEN
ffa4fl Oc tcp 0 0 *-25 ** LISTEN
ffa4f48c tcp 0 0** ** LISTEN
ffa4fd8c tcp 0 0 *.1024 LISTEN
ffa4f88c tcp 0 0 .111 *** LISTEN

Figure A. 19 continued

During the file transfer simulation, one may measure the input/output activities of the

local computer host. The I/O statistics report utility' function (See Figure A. i) is

performing the operation. There are several I/O statistics reports and each is generated by

the parameters given by the users. Figure A.20 shows a parameters setting.
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Welcome to the I/O Statistics Report Utility

Please select the execution mode

1. BATCH mode
2.INTERACTIVE mode

Please select one ==> 2

Please select options for 1/O Statistics Report Utility

c- Report percentage of time the system has spent in user mode
d- For each disk, report

the number of Kbytes transferred per second,
the number of transfers per second,
the milliseconds per average seek

D- For each disk, report
the reads/writes per second,
the percentage of disk utilization

I- Report the counts in each interval
t- Report the read/write character number to terminal

Please select them ==> [cdDIt] cdDIt

Do you want to limit the number of disk

included in the report (Y/N) ===>
n

Please explicitly specify the disks to be reported ===>

Please set once each interval seconds ===> (default: 1 second)
2

Please set count reports
10

Figure A.20 A Dialogue of I/O Statistics Report Utility Function for
I/O Statistics Report Parameters Setting
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tty srO Cpu

tin tout rpi wpi util us ni sy id

0 4 29608 36094 0.4 1 0 2 97
0 38 0 0 0.0 4 0 21 74
0 478 1 0 2.0 17 0 18 65
0 37 0 0 0.0 3 0 12 84
0 37 0 0 0.0 2 0 24 74
0 37 0 0 0.0 4 0 19 77
0 37 0 0 0.0 5 0 19 76
0 37 0 0 0.0 4 0 21 75
0 37 0 0 0.0 8 0 29 63
0 485 0 7 10.9 18 0 21 61

Figure A.21 I/O Statistics Report

Figure A.21 shows the I/O activities during the file transfer simulation. This I/O

statistics report includes terminal, disk and CPU activities. For detail information about

each field, please refer to Appendix B.

The 'virtual memory statistics report utility' in Figure A. I function collects the

following information: process, real/virtual memory, page fault, paging activities, disk

operation, trap/interrupt rate, and an usage of CPU time. These system information reveals

the status of a system during the file transfer simulation. Figure A.22 displays the dialogue

of the parameter settings in the 'virtual memory statistics report utility'. Figure A.23 shows

the system information during the file transfer simulation.
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Welcome to the Virtual Memory Statistics Report Utility

* Please select the execution mode

1. BATCH mode
2. INTERACTIVE mode

Please select one ==> 2

Please select options for Virtual Memory Statistics Report Utility

f- Report on
the number of forks and vforks since system startup,
the number of pages of virtual memory involved
in each kind of fork

i- Report the number of interrupts per device
s- Display the contents of sum structure
S- Report on swapping activity

Please select one ==> [fisS]

*** Please set once each interval seconds ===>
2

*** Please set count reports ===>
10

Figure A.22 A Dialogue of Virtual Memory Statistics Report Utility Function
for Virtual Memory Statistics Report Parameters Setting

procs memory page disk faults Cpu

r bwavm fre siso pi po frde sr sOsl s2s3 in sy csussy id

1 0 0 016324545 0 0 0 0 0 0 0 0 0 0 71 14 1 297
00 0 01608 0 0 0 0 0 0 0 0 0 0 0 0432 173 152462
00 0 01608 00 0 0 0 0 0 0 0 0 0 004 169 428 77
00 0 01552 0 0 0 0 0 0 0 0 0 0 0 0388 168 123 76
000 01552 0 0 0 0 0 0 0 0 0 0 0 0378 168 32473
000 01552 0 0 0 0 0 0 0 0 0 0 0 0372167 42471
000 01536 0 0 0 0 0 0 0 0 0 0 0 0411 166 52580
000 01536 0 0 0 0 0 0 0 4 0 0 0 0392 165 52372
000 01536 0 0 0 0 0 0 0 0 0 0 0 0382163 151570
000 01536 0 0 0 0 0 0 0 0 0 0 0 0374164 52075

Figure A.23 Virtual Memory Statistics Report
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After querying the network and system information, we will look at the file transfer

simulation situation. Figure A.24 shows the first two file transfer simulation dialogue.

===> Measurement times is: 1

File trafsfer simulation is proceeding !!

!!! File transfer finished !!!

SUMMARY ***

The transfered file length : 1048576
The file transfer time is : Wed Mar 3 01:28:49 1993
The sec for file transfer with disk I/O is : 14
The mirco sec for file transfer with disk I/O is : 119570
The sec for file transfer without disk I/O is : 13
the mirco sec for file transfer without disk 1/O is : 425316

===>> Measurement times is : 2

!!! File trafsfer is proceeding !!!

I!! File transfer finished !!

SUMMARY ***

The transfered file length : 1048576
The file transfer time is : Wed Mar 3 01:29:03 1993
The sec for file transfer with disk I/O is : 13
The mirco sec for file transfer with disk I/0 is : 193655
The sec for file transfer without disk I/O is : 12
the mirco sec for file transfer without disk I/O is : 530537

Figure A.24 A output of File Transfer Simulation

When the 'file transfer measurement' subfunction in Figure A. 15 finishes, we can

select the 'measurement statistic data report' subfunction to generate the statistics report for

this simulation. Before the statistics report is generated, it is necessary to input the

parameters to the 'file transfer measurement' subfunction as shown in Figure A.25.
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Please input the server address (name, alias)
ece

!!! Please wait a second for file transfer data filp listing !!!

1.TCP 1024.1MB
2. TCP-1024.2MB
3. TCP 1024.3MB
4. TCP_256.1MB
5. TCP_256.2MB
6. TCP_256.3MB
7. TCP 512.1MB
8. TCP_512.2MB
9. TCP-512.3MB
10. UDP 256.128KB
11. UDP_-256.64KB

Please select one, <12> to exit ===> 1

I How Many file transfer simulation samples(1 0-)
will be used in one statistics ==> 100

How many minutes(10-) do you want to be a time hour interval range =>10

Figure A.25 a Parameters Setting Dailogue in
Measurement Statistics Data Report Subfunction

Figure A.26 shows the statistics report of the file transfer simulation. This report

would reveal the on-going network traffic situation from local node to the 'ece' network

node during the file transfer simulation.
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File Transfer Simulation Statistics Report

The address of server :131.120.20.2
The file name is TCP 1024.1MB
The file length is 1048576 bytes
The sample number of record is: 100
The time hour interval range is :per 10 minutes

File transfer simulation time range

File transfer simulation start time: Wed Mar 3 01:28:49 1993
File transfer simulation end time : Wed Mar 3 01:51:16 1993

The file transfer simulation time hour interval begin: Wed Mar 3 01:28:49 1993
The file transfer simulation time hour interval end : Wed Mar 3 01:38:49 1993
The percent in this time hour interval is : 44.00

The file transfer simulation time hour interval begin: Wed Mar 3 01:38:49 1993
The file transfer simulation time hour interval end : Wed Mar 3 01:48:49 1993
The percent in this time hour interval is : 45.00

The file transfer simulation time hour interval begin: Wed Mar 3 01:48:49 1993
The file transfer simulation time hour interval end : Wed Mar 3 01:51:16 1993
The percent in this time hour interval is :11.00
*** File transfer with disk I/O

The mean value is :13.187021 seconds
The variance : 0.194408 seconds
The standard deviation is : 0.440918 seconds
The max file transfer time is: 15 sec, 131321 usec
The min file transfer time is : 12 sec, 796478 usec

The file transfer time range from 12 seconds to 13 seconds is 39.00 percent
The file transfer time range from 13 seconds to 14 seconds is 53.00 percent
The file transfer time range from 14 seconds to 15 seconds is 7.00 percent
The file transfer time range from 15 seconds to 16 seconds is 1.00 percent

File transfer with disk I/O
The mean value is 12.499682seconds
The variance 0.182435 seconds
The standard deviation is 0.427124 seconds
The max file transfer time is: 14 sec,468310 usec
The min file transfer time is :12 sec,130410 usec
The file transfer time range from 12 seconds to 13 seconds is :91.00 percent
The file transfer time range from 13 seconds to 14 seconds is : 8.00 percent
The file transfer time range from 14 seconds to 15 seconds is :1.00 percent

End of file transfer data statistics function

Figure A.26 File Transfer Simulation Statistics Report
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D. SUMMARY

This appendix shows the application of the 'network traffic measurement utility' on

the NPS campus network. Potential users may use this appendix to guide their reading of

Chapter I11. Hopefully, with this ulility one may achieve certain performance management

over the network in a regular user's capacity. In other words, one does not need to bother a

system manager to use this utility.
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APPENDIX B - I/O & VIRTUAL MEMORY STATISTICS REPORTS' FIELDS
MAPPING TABLE

1. I/O statistics report

cpu Report the percentage of system time:

us user mode

ni in user mode running low priority processes

sy system mode id ;dling

disk Report the rrad/write operation and percentage disk utilization:

rpi the reads per second (interval)

wpi the writes per second (interval)

util percentage disk utilization

terminal Report the number of read/write character to terminal:

tin the number of input characters
tout the number of output characters

2. virtual memory statistics report :

procs Report the number of processes in each of the three following states:

r in run queue

b blocked for resources (i/o, paging, etc.)

w runrable or short sleeper (< 20 secs) but swapped

memory Report on usage of virtual and real memory. Virtual memory is considered

active if it belongs to processes which are running or have run in the last 20
seconds.
avm number of active virtual Kbytes

fre size of the free list in Kbytes

page Report information about page faults and paging activity.

The information on each of the following activities is averaged each five
seconds, and given in units per second.

re page reclaims
at number of attaches
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pi kilobytes per second paged in

po kilobytes per second paged out

f" kilobytes freed per second

de anticipated short term memory short fall in Kbytes

sr pages scanned by clock algorithm, per-second

disk Report number of disk operations per second (this field is system dependent).

sO disk identification number

sl disk identification number

s2 disk identification number

s3 disk identification number

faults Report trap/interrupt rate averages per second over last 5 seconds.

in (non clock) device interrupts per second

sy system calls per second

cs CPU context switch rate (switches/sec)

cpu Give a breakdown of percentage usage of CPU time.

us user time for normal and low priority processes

sy system time
id CPU idle
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APPENDIX C - SOURCE CODE OF NETWORK TRAFFIC MONITORING; MAIN
PROGRAM

#include <stdlib.h>
#include <stdio.h>
#include <rnath.h>
#include <sys/types.h>
#include <sysls-ocket~h>
#iniclude </usr/sys/netinel/in.h>
#include <netdb.h>
#include <arpa/ineth~>
#include <sys/stat~h>
#include <sys/time.h'.
#include <fcnti.h>
#include <stfing.h>

#define SERV-TCP PORT 7003
#define SERVUDPPORT 7102

#ifnidef INADDRNONE
#define INADDRNONE Oxffffffff
#endif

main(argc. argv)

int argc;

char **rgvI;

int. nslooup-status-mping~stasm,netstat-status-m;
int opt-fun-m,exit-flagjn,continue-fag-jn;
char arguxnent-m[2561;

nslookup-status-m=0;
ping-status-m=0;
netstat-staIus-m=O0;
printf('"\nr!!! Check unix system command, )
pruntf("Please wait H!!\\n");
check-unix-system-command(&n~slookup-status~m &ping~status~m.

&netstat_status-m);
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opt-fun-m--O;
exit flag~m=O;
while ((opt-fun-m < 1) 11 (opt-fun-n > 4) 11 (exitjflag~m == 0))

continue_flag..m= 1;
opt-fun-m=display-min-menu(ping~statusjn);
switch (op~funm)
I
case I

printfC'===» Do you really want to execute this function (YIN)? )
continue jlag~m=confi rn-continueo,
if (continuejflag-m == 1)
I
individualhbost~query(nslookup. status~m,ping-status-mnetstax tatusjn);

break;

case 2 :
if (png~status~m == 1)

printfC"\n!!! PING command )
printfC'is riot available in this host M \n's");

optjfun-m=O;

else

printf("===»> Do you really want to execute this function (YIN) ? )
continue_ flag...m=confirnn continueo;
if (continue-flag-m == 1)

argumen~m[0J=V'i;
if (argc > 1)

strcpy(argwnentcm,argv[ 11);

network-profile-query(argc,argument-M);

break;

case 3 :
printfC 9==»> Do you really want to execute this function (YIN) ?")
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continue-flag~m=confifn continueo;
if (continue flag-m == 1)

I

break;

case 4:
printftfVi Do you really want to exit ? (YIN) )

exit_flag~m=conf irm-continueo;
break;

default :
printf("Nn Main function selection is error, please check it !!\n");
break;

printf(`VnM!!!!! Exit the Network Traffic Measurement )

printf(' !!\nn)
getcharo;

I

/* This procedure will check the 'nslookup', 'ping', 'netstatf
in this computer host which this program be executed.
If some of them are not available in this computer host, this
procedure will1 return the status code to the main procedure *

check-unix-system~command(nslookupstauscusc,ping-status cusc,
netstat~status_cpusc,iostat status-cusc.
vmstat-status,-cusc)

int *nslookup-status-cusc;
jflt *ping-statuscusc;
int *netstat -status,_usc;
int *iostastatus-cusc;
int *vmstat_statuss-usc;

FILE *exit-ctsc;
char exit-crndcusc[61,system..cmdc-usc[30];
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exitsCusc=fopen("exit","w");
strcpy(exit-cmd-cusc,"exit");
exit~cmd~cusc[strlen(exit_cind_jcusc)J=VY;
fprintf(exit-cusc,1 %ss,exit_!cmd-cusc);
fclose(exitscusc),
if (system("nslookup > status.unp < exit) 256)

*nslookup-status-cusc= 1;

else

system("rm statiis.tmp");

system('rm exit");
if (systeinC'ping taurus > status.tlnp") 256)

*piflg-stauscus5= 1;

else

system("rm status.tmnp");

if (system ("netstat > status.tmp") =256)

*netsta_status _cusc= 1;

else

system("rm status.ump');

if (system('iostat > status.znp") ==256)

*iostat-status-cusc= 1;

else

system("rin status.tlnp");

if (system("vmstat > status.tinp") =256)

*vms~tastatscusc~l;
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else
I
system("rm status.tmp");

/* This procedure will display main functions and
let user select one of them */

int display-main-menu(ping status-dmnm)

int ping.statusdrmm;

I
int optfunjdram;

printf('\n•\,n <<<<< Network Traffic Measurement Main Menu >>>>> n\t");
printf(" 1. Query Individual Host ");
printf("Network Status \nn");
if (ping-status_damm == 1)
{
printf("*not available ");

else
{
printf("

printf("2. Query Network Status by Network Profile\nfn");
printf(" 3. Maintain Network Profile \n");
if (ping-status_dmm == 1)
I
printf(" 4. Exit \nj");
printf(" (*not available UNIX COMMAND, \n");
printf(" Please contact the adminstrator of ");
printf("this host \n");
printf(" to get the solution) \ninM ");
I

else
I
printf(" 4. Exit\nrn\n");

printf(" Please select one function (1-4) =--> ");
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scanff'%d",&opt-fun dmnm);
getcharo;
printfC"\n");
return optjun-lrnm;

/* Tools for Netwourk Traffic Measurement by individual query*/
individual-host~query(nslookup...status-ihq,ping-status-jhq,

nelstat-status-ihq,iostat status-ihq.
vmstat-statusjihq)

int nslookup-status-jhq;
int ping-statusjihq;
int netstat-statusjhq-,
int iostat_statusjhq;
int vmstat-status-ihq;

int optjfunjihq;
int continue-flagjihq,exit-flagjihq;

opt-fun-ihq=O;
exit-fag-jhfq=O;
while ((opt..funjihq < 1) 11 (optjfunjihq > 9) 11 (exit-flag-jhq =0))

continue-flagjihq= I;
displayindividual- host~query--menu(nslookup-statusl-hq,

ping-statusjhq,
netstat-status-ihq,
iostat-status-ihq,
vmstat_status-ihq,
&opt~ftnjihq);

switch (optfuwijhq)

case I:
printf("===»> Do you really want to execute this function (YIN) ? )

continue-fiagjihq-confirin...ontinueo;
if (continue flagjihq ==1)

queryjhos~narne and-addresso;
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break;

case 2 :
if (nslookup~statusjihq == 1)

printf("n!! NSLOOKUP command is not available in this host !!N.\n~n);
getcharQ;
opt~fun-jhq=-O;

else

printf(C==»> Do you really want to execute this function (Y/N) ?')
continue-fagjihq=confirnnsontinueo;
if (continue-fagjihq == 1)

nslookup-util ityo;

break;

case 3 :
if (ping~statusjhq == 1)

printf("Vi!! PING command is not available in this host ! !n~n"),
getcharo;
opt-funjihq=O;

else

printf("==»> Do you really want to execute this function (YIN) ?')
continue..flagjihq=confirmscontinueo;,
if (continue-jlagjihq ==1)
I
ping-utilityO;

break;

case 4 :
if (netstat status-ihq =- 1)

printf('\n!!! NETSTAT comnmand is not available in this host !!nnD
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getcharo;
opt-funihq=-O;
I

else
I
printf("==»> Do you really want to execute this function (Y/N) ? )

continue-flagjihq-confirm continueo;
if (continue~flag-ihq -= 1)

network.status,..utilityo;

break;

case 5 :
if (lostat -status~ihq == 1)
f
printf("\n!!! JOSTAT command )
printf("is riot available in ths host H ! !N'\");
getcharo;
opt-funjhq=O;

else

priiff("==» Do you really want to execute this function (Y/N) ? )

continuejflagjihq7-confirm cpontinueo;
if (continue-flagjihq == 1)
I
io_statistics,_report..Utilityo;

break;

case 6 :
if (vmstat status_ihq = 1)

printfC'\n!!! VMSTAT command )

printfC'is not available in this host HlN\ft');
getcharo;
opt-funjhq=O0;

else
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prinff("===>> Do you really want to execute this function (YIN) ?');
continue-flag.ihq=confirm-continueO;
if (continue-flagjihq == 1)

vm_statisticsjreport-uti lityO;

break;

case 7 :
printf("-=>> Do you really want to execute this function (Y/N)'? ");
continuejflag-ihq=confirmn continueO;
if (continue-flag ihq == 1)
I
unix command executiono;

break;

case 8 :
printf("==>> Do you really want to execute this function (Y/N) ? ");
continuejflagjihq=confirmncontinueo;
if (continuejflagjihq == 1)

filetransfermeasurement toolso;

break;

case 9 :
printf("Nn Do you really want to exit ? (Y/N) ");
exitflagjihq=confirmcontinueO;
break;

default :
printf('Nn Function selection is error, please check it !\!! n");
break;

1

printf('%CMn!!!!! Exit the Network Traffic Measurement ");
printf("Utility for individual host query !!!.rnkn");
getcharO;

127



/* This function will display the main menu for user to select
the function of the network traffic measurement *

display-individual-host-query-menu(nslookup-status-dihqm,
ping-status-dihqm,
netstat~status-dihqm,
iostat-status-dihqm,
vmstat-status_dihqm,
opt-undihqm)

int nslookup-statusjlihqm;
int png-status-dihqm;
mnt netstat_status-dihqm;
int iostat-statusjiihqm;
mnt vmstat-status-dihqm;
nt, *opt~ftjjdihqm;

int optjuf~dihqm;

printfQ'"\nr\n <<<< Network Traffic Measurement Individual";
printfC' Host Query Menu >>>> \nfn");
printfQ" 1. Host Name and Address Query \nrn);
if (nslookup__tatus dihqm = 1)

printf("*not avaliable )

else

printf("

printf( t2. Query Internet Domain Name Servers')
printf(" Utility \Nrn);
if (ping~statusjlihqm =- 1)
I
prjntf(H~not avaliable ")

else

printfQ"
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printf("3. ECHO data packets - Ping Utility\nrM');
if (netstat status~dihqm =1)

printfC'*not avaliable )

else

print~f("

printfC'4. Show Network status Utility \nfn");
if (netstat statusjlihqm =1)

pnintf("*not avaliable )

else

printf("

printfC"5. 1/0 statistics report utility Nnjn");
if (netstat-status-lihqm =1)

printff'*not avaliable ")

else

printf("

printf("6. Virtual memory statistics report utility )
printf('Nn4n");
printf(' 7. Unix Command Tools \nWn");
printf(" 8. File Transfer Measurement Tools \nVV');
if (nslookup~status-dihqmn = 111I ping~status-diliqm I 111

netstat~status-dihqm =1 I1 iostat-statusý-dihqm == 1 11
vmstat~status~dihqm ==1)

printf(" 9. ExitvMn");
printfC' (*not available UNIX COMMAND, \n");
printf(" Please contact the adminstrator of this host \n");
printfC" to get the solution) \ni\,n");

else

printfC" 9. Exit \nM\n"n);
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pruntf(" Please select one function (1-9) ==>>)

scanf(' %d" ,&opt~bufdihqm);
getcharo;
pnintf("\n");
*opt-fun-djhqm~opt-buf~dihqm;

/* This function will let users confirmn that the function will be
executed or not. *

int confirm_continue()

char continuescc[41;
int continue-fag-cc;

gets(continuescc);
pnintf(~"W);
if (strcxnp(continue - c,"Y") -= 0 11 strcinp(continuescc,"y") == 0 It

strcmp(continuescc,"Yes') == 0 11 strcmnp(continue-cc, "yes") ==0 11
strcmnp(continue-cc," YES") == 0)

continue_flagscc= 1;

else

continuejfagsc=0;

return continue-fag-cc;

/* This proceuure provides the host name and address query.
Users can input thie name(alias) of the host and get the address.
Or users can input the address of the host and get the name
(alias).

query-.host..name-and-address()

int, continue~flag...qhnaa;
unsigned long inaddr,.qhnaa;
register char *aljas-ptri-qhnaa
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char host-naxne-hnaa[25 61 .hostcaddress-qhnaal 17 1;
stnict in-addr *addr-ptrfql.a;
stnict hostent *host-info-qhnaa,

continue-fag-qhnaa= 1;
host-namneqhnaa 0 J=\O';
host-address-qhnaa[0I=N0;,
while (continue-flag-qhnaa == 1)

printfC"\n *** Please input the symbolic name/internet address of server ~ )

scanfQ"%s".host-addrn ss..qhnaa);
getcharo;
printfC'M");
if ((inaddr~qhnaa = inet~addr(host-address-qhnaa)) == INADDRNONE)

convert host name to-address(host address-qhnaa.&host info qhnaa)

else

con-vert-thost-address-infonnation(host-address-qhnaa.&host-info-qhnaa);

if (st~rlen(host-address-qhnaa) == 0)

printf('1!! Network host name/address %s is error !! \n\n",host-address-qhnaa);

else

if (host-info-qhnaa != NULL)

printfC' ***~ %s host information ***\n\n',host address_qhnaa);
printf(" official host name : %s \n".host-infq..qhnaa->h~name);
printf(' alias listing :")
while ((alias~ptrý_qhnaa--*(hostjinfo-qhnaa->h-aliases)) != NULL)

pdnf' %s Nn*'alias-ptrqha)
host -info-qhnaa->h-aliases-H-;
printf(C

printfC~n address type :%j \n".host -nfo-qhnaa->h addrtype);
printif(" address length %d\n",host-info-qhnaa->hjlength);
switch (hostjinfoqhnaa->h-addrtype)

case AF_[NET:
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add r.ptr~qhnaa=(struct in-addr *) hosu-nfo-qhnaa->h addrjisd[ 01;
printf(" Internet address : %s \,n'.inet~ntoa(adir~ptrcqliiiaa));
break;

default:
print fC'!!! Unknown address type ! !\nrn');
break;

printf('n ***" Do you want to query another host inlormation (YIN) )

continue-flag-qhnaa--contirm continueo;

/* This procedure will use the system call 'nslookup'.
Let users query the internet domain name servers ~

nslookupLutility()

int local_host-server flu;
int local-host_server-err-flu;
char nslookupsmd-nuf 301,serv hosLaddr-nu[ 171;
unsigned long inaddr-nu;
struct hostent *diizlmy-ptr nu;
/* this is a dummy variable for the convert_host~name-to-address

procedure in this procedure. *

local-host-server-nu= 1;
nslookup-cmd-nu[OI='O;
serv-host_addr-nu(IO=VO';
local-ýhost-serverý-errýnu=-O;
printf("*** Welcome to ");
printf("t~he Internet Domain Name Serve-s Query Utility **\n\,n");
printf('*** Do you want to use the local host's name server~n');
printf(' instead of the default servers ===> (YIN)")
local_host_serverý_nu=confinn-continueO;
if (local_host-serverý-nu == 1)

printfC"\n *** Please input the symbolic name/internet address of server => )

scanf(' t%s",serv-fhost-addrý-nu);
printf("\n");
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if ((inaddr nu = inet~addr(serv host_addrý-nu))
=INADDR_NONE)

convertjiost-name-to address(serv- host-addr-nu,&dummy-ptr flu);

else

convert-host-address-information(serv host-addr-nu,&dumxny-ptr flu);

if (strlen(serv_host-addr-nu) == 0)

prinif("!!! Local host name/address is eriror!\~n)
local~host-serverý-err-nu= 1;

else

strcpy(nslookup~cmd.nU,"nslookup -1 )
strcat(nslookupscmdjiu.serv-host-addr-nu);

else
I
strcpy(nslookup-cnd~nu,'nslookup");

if (local_host-server-err-nu == 0)
I
printf("\n!!! Type <?> or <help> for interactive query )

printf('help !!!n)
printf("!!! Type <exit> to exit the Internet Domain Name Servers Utility !!nn)
nslookupscmdnU[strlen(nslookup_.cmd-nu)]='\O';
system(nslookupscmdnu);

1* This procedure will use the system call 'ping'.
Let users send ICMP ECHO-REQUIEST packet to network host
and get the information about the network host.*

ping-utility()

mnt continue-flag-pu;
int ping-fun-pu,batch...mode...pu;
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int network-host-erizpu,ping -opt-err -pu~char index-pu;
long timeout-seconds-pu;
char datagram-packet size~spu[34J ,councs-pu[341;
char timeout~seconds-s-puf 341;
char ping_.cmd~pu[256] .pingoppt-jpu161;
char pingjýbatch -command~put2561;
char serv -host-addr~pu[ 17] ,tinp-host addr-pu[ 171;
unsigned long inaddr-pu;
struct hostent *dumy-ptrjpu;
/* this is a dummy variable for the convert-host_name_to_address

procedure in this procedure.

continue -ag....pu= 1;
while (continuelag-pu =)

ping-cmd-pu[O]=\O';
tmp-host-addr-pu[Oj=N0O;
serv-host-addr-pu[OI=NL);
network-host err...pu=-O;
printffC\n\n*** Welcome to
printf("the ECHO data packets -Ping Utility ***Af\n~n);
batch -modepu--select execution-modeO;
if (batch mode~pu == 1)
I
ping~batch command~pu[O]='\O';
printf("WN! Type <exit> or <quit> to exit the ping utility batch mode !HM)
while ((strmp(ping-batch-command~pu,' t exit")) !=0 &&

(strcmp(pmng..batch -command-pu, "quit"t )) !=0)

puintf(`\nping command >")
gets(ping-jbatch-command...pu);
if ((st~rcnip(ping~batch..command~pu,'exit")) !=0 &&

(strcmp(ping-batch commandjp,u"quitf)) !=0)

if (stmcmp(ping..batchscommand-pu,'"ping",4) == 0)

system(ping-batch command~pu);

else

printf(`\n!!! Unknown command (not ping command) M!\");
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printf('"\!!! Exit the ping utility batch mode execution !!\NM");
getcharo;

else

printf("Nn*** Please input the symbolic name/internet address of server =>)

scanfQ %s" ,mrp-hostaddr-pu);
strcpy(serv host-addr-pu,tmnphost addr_pu);
printf('Nn');
if ((inaddr..pu = inet-addr(tmp..host addrý_pu)) == INADDRNONE)

convert-host~namne-to-address(urnp-host-addr-pu.&dummy-ptr pu);

else

convert-host~address_ nformaion(tmp-host-addr-pu.&dummy..ptr-pu);

if (strlen(tmp~host..addr~pu) = 0)

printfC'!!! The network host name/address is error !!N~NW);
network-host~errý_pu=l;

else

strcpy(ping-cmdpu,'ping )

ping- junpu=-O;
while (pingjfun-pu != I && pingjunýpu != 2)

printf("*** Please select one function for")
printfC'Ping Utility ***\n\,n");
printf(" 1. Reachability test~ni)
printf(' 2. Send EchoRequest and Get EchoVi");
printf(" Respone with options of routing Nn");
printf(" types, verbosity, datagrain siziugi\n");
printf('\ft Please select one =--> )

scanf("%d",&pingjfun-pu);
getcharo;
printf("\n");
if (ping-fun...pu != 1 && ping..ftmnpu != 2)

printf("!!!I Ping function selection is error H!!Nn");
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if (pingjfunpu == 2)

strcat(ping-cmd-pu,'-s")
pingopt-e~rrpu=- I;
datagrarm.packet Size_s~pu[O]=V'\;
count-s-pu[O]=\IJ';
pingo-pt-pu[O]=\O';
while (ping-opt-err...pu 1)

printf("\J1*** please select options for function 2 ***\no');
printfC' ");
printf('Send ECHO-REQUEST and Get ECHQRESPONEWn');
printf(" ");
pnintf("infomination from the network host VnM");
printfC" ");
printf(1l- Loose source route \no');
printf( o *I );

printfC'r- Bypass the normal routing tables and \n"');
printfc' *");
printf( " send directly to host on an attached \no');
printf(te ");
printfC' network. \,no);
printf(" "~);
printf('"R- Record route \no');
printf' 00 to);
printfQ'v- Verbose output \ngoj');
printf(\nVn Please select them =>[lrRv] )

gets(ping-opt..pu);

ping-opt~err.pu=-O;
charjndex...pu=O0;

f* Check the options of the ping untility.
If the users input error option,
then the users need to input the options again *

while (charjindex..pu < strien(ping~opt~pu) &&
ping-.opt~err pu != 1)

if (ping-opt-pu~cha&jndexpu] != 'I'&& ping~optjpu[charjindex~pu1 != re

ping-ppt-pu[char-index-.pul != R' && ping~opt~putcharjindex-pu != v')
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printf("\n!!! Ping option selection is )

ping-opt-err-pu= 1;

char_index~pu++;

if (strlen(ping...opt-pu) > 0)

strcat(ping-cmdpu,'t -");
strc~ing-cmd-pu,ping-opt.pu);
strcaz(ping-cmndpu," E)

strcat~ gcmd-pu~serv-hostaddr-pu);
datagram~packet~size..s~pu[Ol=VY;
count.s~pui0I=%O';
get-packetsize and - ount(datagraznpacket size-s-pu,count-spu);.
strcat(ping-cmd-pu," ");
strcat(ping-cmd-pu,datagramnpackeLsize~spu);
strcat(pingscmd-.pu," ");
strcat(ping-cmd.pu,co~unLs-pu);

else

strcat(pi-md..pu,serv..hosLaddr...pu);
timneout~seconds-pu=- 1;
tiineout~seconds-spu[0J=NOY;
while (tilneou~seconds pu < 0)

prirltf("\n*** Please input the seconds of timeout (default 20 seconds) == )

gets(timeout~seconds-spu);
if (timeout-seconds~s-.pu = NULL)

timeout~seconds..pu-=20;

else

timeout..seconds...pu=atol(timeout secondsý-s-pu);
printfC'!!! Timeout input error ! I N\n");
printfC!!! Please input it again H N !n")-;
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strcat(ping-cnd-pu," )

strcat(ping-cmdpu,timeout seconds-s-pu);

pingsmd-putstrlen(pingcmd-pu)1=NO';
priinfQ'\n!!! Please wait for Ping utility process!!\nn)
system(pingscmdpu);

printfC"\n*** Do you want to execute the Ping utility again (YIN) )

continue-flag-pu=confinn..continueo;

/* This procedure will get the datagram packet size and
count number for the 'ping' unix command

get~packetsize-and-count(datagrapackesize sgpac,count sgp

char *datagrainpacket-size-sgpac;
char *count-s-gpac;

mt atarampacket-size.gpac,count-gpac;

datagrarn-packet~size..gpac=- 1;
count-gpac=- I;
while (datagram~packet~size~gpac < 0)

I
printf("*** Please input the size of datagram )

printf("packet (default: 64 bytes) =>")
gets(datagram~packet ~size_s~gpac);
printf(*Nn");
if (datagram-packet-size-sgpac = NULL 11 strlen(datagram-packet size-s-gpac) <=

0)

datagramn-packet~size-gpac=64;
sptintf(datagramnpacketsizes...-gpac,"%ld",datagram-packet-size...gpac);

I

if (strlen(datagram~packet~sizes~gpac) > 0)
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if (atol(datagram~packet size-s-gpac) ==0)

datagam-packet-Size~gpac=64;
sprintf(daiagranipackets5ize s~gpac," %ld",datagram~packet size gpac);

else

datagrwn-packet-Size-gpac=ato1(datagram-packet-size-s-pac);

datagram-packet-size-s-gpac
[strlen(datagran~packet~size~sgpac)]='\';
while (count...gpac < 0)

printf("*** Please input the count number (default: 65536 times) =->");
gets(coun-s-gpac);
printfC'Nn");
if (counLs..gpae ='YI

strlen(coun-s-gpac) <= 0)

countgpac=655 36;
sprintf(count-sgpac,'%ld",

count-gpac);

else

if (strlen(coun~s~gpac) > 0)

if (atol(count~s~gpac) == 0)

count..gpac=65536;
sprintf(coun-s-gpac,"%Id",

count-gpac);

else

count-gpac=atol(counts~gpac);

139



count-s-gpac~strlen(coun-s-gpac)J=NO';

/* This procedure will show the status of the network.
The users can select the different options to request
the status of the network *

network-statusjiutility()

int continue-flag-jisu,confirmn-flag-isu~netstat_batch_exit~nsu;
int netstaL-ftin nsu,batch-mode-nsu;
int network-host_errý_nsu~netstat~opLerr nsu,char-index-nsu;
int seconds-interva-nsu;
char nietstat~cmdjisu[2561,netstat~optnsu[256l;
char netstat~batch_comxnand-jisu[256];
char serv_-hosLaddrjlsuf l7j,tmpjfiost addr._nsu[ 171;
unsigned long inaddrjinsu;
struct hostent *dpjny-jptrpnsij;
1* this is a dummy variable for the convert-host-name-to-address

procedure in this procedure. *

continue - lagjisu=l;
while (continue jiag nsu == 1)

netstat-cmdjnsulO]=VO;
mP-host-addrjnsu[OI='fl';

serv-host-addr..nsu[O]=N9;
network -host -err_nsu=-O;
netstat~batch_exit-nsu=O;,
printf('%nM*** Welcome to the Network Status Utility ***'v\jnj");
strcpy(netstat~cmd-nsu,"netstat ");
batch -mode-nsu--select~execution~modeQ;
if (batchmpode-nsu == 1)
I
netstat~batch-sommand-nsu[OJ=V;
printf('"\n!!! Type <exit> or <quit> to exit the netstat utility batch mode !! !\n");
while ((strcmp(netstat batch)_command_nsu,"'exit'")) !=0 &&

(strcmp(netstat batch-command_nsu,'quit")) !=0)

printf("'nnetstat command >
gets(netstat-batch-commandjisu);
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if ((strcmp(netstatbatchcommandnsu,"exit")) != 0 &&
(strcmp(netstat batchcommandnsu,"quit")) != 0)

(
if (stmcmp(netstat_batch_commandnsu,"netstat",7) == 0)

system(netstat-batchcommandnsu);

else
I
printf("\n!!! Unknown command (not netstat command) !! .•");
I

I

printf('%n!!! Exit the netstat utility batch mode execution !!.r\ntn");
netstat .batchexitnsu= 1;
getcharo;
I

else
I
netstat_fun_nsu=0;
while (netstat-fun-nsu < 1 II netstat_funnsu > 3)

1
prinff("*** please select one function for Show Network Status Utility ***Xn);
printf(" 1. Active Sockets \n");
printf(" Display a list of active sockets for each protocol \nf");
printf(" 2. Network Data Structure/Rounting Table Nn");
printf(" Select one from various other network ");
printf("data structures \nrn");
printf(" 3. Cumulative Traffic Statistics \n");
printf(" Display running statistics of packet traffic \n");
printf(" on configured network interfaces \nkn");
printf("\n Please select one ==> ");
scanf("%d",&netstat fun_nsu);
getcharo;
printf('Wn");
if (netstatfun nsu < 1 && netstaLfun_nsu > 3)
f
printf("!! Netstat function selection ");
printf("is error !! INn");

I

switch(netstat fun_nsu)
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case I
netstaLopt~errnsu= 1;
netstat-opt-nsu[O]="4);
while (netstat~opt-errjlsu -I

pnintfQ'\n*** please select options for function ***\fl");
printf(' Active Sockets \n");
printf(' a- Show the state of all sockets \n");
printfC' A- Show the address of any protocol control blocks \n')
printf(C associated with sockets (for debugging) \n");
printf(" n- Show network addresses as numbers\n");
printf("\Nrn Please select them ==> [aAn1 )

gets(netstat-Optnsu);
printf('Nn');
netstat-opLerrjlsu=O;
char_index_nsu=O;

/* Check the options of the netstat untility,
If the users input error option, then
the users need to input the options again ~

while (char-index-rnsu < strien(netstat-opcnsu) &&
netstat.pperrjlnsu =1

I
if (netstat opt nsu[char-inidex-nsul != *a! &&

netstat-optnsu[char-index-nsul !='A' &&
netstat-opt-nsu[char index-nsuj !=W'n)

printf("\n!!! Netstat option selection is error ! ! !"n");
netstat-opt-errjisu=l1;
I

char-index nsu++;

I
if (strlen(netstatopt..nsu) > 0)

I
strcat(netstatcmd~nsu,"-");
strcat(netsat-cmd-nsu,netstat-opt-nsu);
strcat(netstatzcmd~nsu," )

netstatopt~errjinsu=- 1;
netstaLop~tnsu[OI=VO;
while (netstat opt~err..nsu =1
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printf("\n*** please select address family for function I ***~\,n\,n);
printff' 1. AFINET address family Wn");
printf(" 2. AFUNIX address family \n");
printf(%nM Please select one ==> )

gets(netstat-opt~nsu);
pnintf('\nxV);
netstat-opLerrjasu=O;
if (strlen(netstat-opL-nsu) > 0)

if (strcmp(netstat..optjisu," 1 ") 0 && strcmp(netstat opt-nSu,.2) !=0)

printfQ"\n!!! Address family selection is error N!!n");
netstaI opterr_nsu= 1;

if (strlen(netstat-opt-nsu) > 0)

strcat(netstatcmdnsu."-f")
if (strcmp'netstat opt nsu, " 1") 0)

strcat(netstat-cmd-nsu,'inet');

else

if (Strcmp(netstat...optjisu,"2") == 0)

strcat(netstat-cmd-nsu,"unix');

strcat(netstat-cmd-nsu,"")

break;

case 2 :
netstat-opLnsu[Ol=V;
printfC"\n*** please select options for function 2 ***\fl");
printf(" Network Data Structure/Rounting Table\n');
printfC'Nn*** You want to show network addresses as numbers (YIN)")
confirm-flag-jisu=conf rinn continue 0;
if (confinnjflag-isu == 1)

strcat(netstatscmdnsu,.-n )
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netstat~opý_nsu[O]=\iY;
printf("\n*** You want to show per-protocol statistics (YIN) )

confirm-flag-nsu=confirnn continueo;
if (confiimi~lag~nsu I= )

strcat(netstat-cmdnsu,'-s )

netstat~opt~nsu[OI='\O';
netstat~opt~errnsu=- 1;
while (netstat opt~err _nsu =I

printf("\j1*** please select one option for")
printf("function 2 ***\n~\Ji');
printf(" 1. Show the statistics recorded by management routines \n");
printf(" for the network's private buffer pooM~");
printfC' 2. Show the state of auto-configued interfaces \n"),
printf(" 3. Show the routing table \n");
printf('%nM Please select one=>
gets(netstat~opt~nsu);
printf('\n');
netstaLopLerrýnsu=O;
if (strlen(netstat..optý_nsu) > 0)

if (strcmp(netstat-opt~nsu, 1V) != 0 && strcmp(netstat-opt~nsu,"2") !=0 &&
strcmp(netstat..op~tnsu,"3") != 0)

printf("\n!!! Netstat option selection is error N M N");
netstatopt .err_nsu= 1;

else

if (strcinp(netstat opt nsu," 1)= 0)

strcat(netstat~cmd-nsu,-m )

else

if (strcmp(netstat~optnsu,"2") =0)

strcat(netstat-cmd nsu,"-i )

else
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if (strcmp(netstat-opt nsu."2'D == 0)

strcat(netstat-cmd-nsu."-r )

else

printf('Nn!!! Netstat option selection is emfr T! !V);

ne~tsttopt~err-nsu= 1;
netstat~opt~nsu[Ol=VI;
while (netstaL opt err -nsu =I

printfC'%i*** please select address family for function 2 ***\,njn"),
printfC' 1. AFINET address family W'");
printfC' 2. AFUNIX address family Nn");
printff'\n'. Please select one =-> )

jets(netstat~opt~nsu);

a-etstaLopterr_nsu=-O;
if (strlen(netstat opLnsu) > 0)

if (strcrnp(netstat~opt nsu," 1)= 0 && strcmp(netstat-opt~nsu,'2") 0)

printf, %.!!! Address family selection is error H I\n");
netstaLopt-errý-nsu= 1;

if (strlen(netstat-opt-nsu) > 0)

strcat(netstaLcmd-.nsu,"-f )

if (strcmp(netstat-ppLnsu,"' V ) == 0)

strcat(netstat-cmdnsu,"inet");
I

else
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if (stremp(netstatoptjrsu"2") == 0)

I

strcat(netstatsmdjisu." )

break-,

case 3 :
netstat-opt~nsu[O]=WO;
priintf(`\n*** please select options for function 3 ***In"~);
printfC' Cumnulative Traffic Statistics W");
printf('Nnf*** You want to show network addresses as numnbers (YIN) )
conflmnflag-jlsu=confimn-continueo;
if (confirm flag~nsu = 1)

strcat(netstaLcm&.-nsu,"-n ')

netstat opt nsu[0I=NU;
prinltf('\fi*** You want to show the specific interface informiation (Y/N) )
confirm flag-nsu=confirm ~continueo;
if (confirmjlagjisu = 1)

netstat~opt-errnsu-- 1;
while (netstat~opt..errj nsu =1

f
netsta~opLnsu[0I='WO;
printf("'.o*** Please input the interface name = ")

gets(netstatjoptrnsu);
printf(wNnfl);
if (strlen(netstaLopt,__nsu) < 1)

netstak~opterr_nsu= 1;
I

else
I
netstaLopt~errý_nsu=0O;
strcat(netstat~cmd-rnsurI'A)
strcat(netstat cmd-nsu,netstat..opt-nsu);
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while (seconds-intervaL-nsu < 1)

printfC"\n*** Please input the number of second W'");
printf(" in which to gather statistics between displays ===> )

scanfC'%d',&seconds_intervaL-nsu);
getcharo;
printf('Nn");

break;

default :
printf(R\.n Function selection is error, please check it !!! Nn*I);
break;

netstatjopLnsu[Oj=VO;
printf(\Nn*** Please input the system argument (default value :/vmunix) == 3
gets(netstaLopt~nsu);
printf('\.');
if (strlen(netstatoptjnsu) > 0)

strcat(nietstat-cmd-nsu.netstat-optnsu);
strcat(netstat~crd_nsu," )

netstat-optjisu[0I=V~';
prnrtf('\JI*** Please input the core argument (default value :/devikmem) ===> )

gets(netst~aL-optnsu);

if (strlen(netstat~opLnsu) > 0)

strcat(nietstat-cmd_nsu,netstat~optnsu);
strcat(netstat~cmd_nsu,'")

netstat-cmd-nsu[strden(netstat-cmdjnsu)]=V'L;

if (netstat batch~exit_nsu ==0)
I
printf("\nM!!! Please wait for the Network Status Utility process ! ! !NnM3;
system(netstat-cmd_nsu);

printf('Nn***I Do you want to execute the Network Status Utility again (YiN) )

continue-flagjisu=confirin~continueo;
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/* This procedure will generate the 1/0 statistics report for users.
Users can set the different parametars to get the 1/0 statistics
report which they want. *

io_statistics-.reportutili tyo
I
int continue,-flag-isru,batch-mode-isru,iostat-opt err isru;,
int charjindex-isru,disk -limit.flagjisru;
nt, includeddisk~number-err-flag-isru,getsountj' lag-isnl;

char iostat~cmndisru[256J,iostat-batch-cind-isruf256];
char iostatoptjsru[71;
char included-disk-nwnberj-sruf34j,interval_-s isru[341,count~s-isruII34l;
char specified-disksjisr[256J;
long intervaLisrui,count-isru;

continue-..flagjisu= 1;
while (continuejflagjisru == 1)

iostat..cmd jsmu[OI='VO;
printf("\nfn*** Welcome to )

printfC'the i/O statistics report Utility ***V\n\n");
batchjnode -isru--select~execution modeo;
if (batch-node-isru = 1)
I
iostat-batch-cmd-isru[O]='\O';
printfC('n!!I! Type <exit> or <quit> to exit")
printfC'the I/O statistics utility batch mode !! !"n");
while ((strcnip(iostat-batch-cmd isru, exit )) 0=O&&

(strcmp~iostat-batch~cmd isru,"quit')) !-0)

I
printf("Niostat command >")
gets(iostat batchL_cmdjisru);
if ((strcmp(iostatjbatch cmd!-isru,"exit")) !=0 &&

(stramp(iostat batch~cmd-ismu,"quit")) !=0)

if (strncinp(iostat--batchlLcmd-isru,'iostat",6) = 0)
I
system(iostat-batch-cmd_isru);

else
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printf('\n!!! Unknown command");
printf("(not iostat command) !!Nn");

printf("n!!! Exit the iostat utility batch mode execution !!N.an");
getcharO;
I

else
{
strcpy(iostatcmd_isru,"iostat ");
iostat opt.errjsru= 1;
while (iostaLopterr_isru 1)

I
printf("\n*** please select options for 1/0 statistics ");
printf("report utility ***
printf( .");
printf("c- Report percentage of time the syatem has ");
printf("spent in user mode \n");
printf(" ");
printf("d- For each disk, report Nn");
printf(" *I );
printf("the number of Kbytes transferred per second, \n");
printf(" . );
printf("the number of transfers per second, \n");
printf(' It );
printf("the milliseconds per average seek \n");
printf( .");
printf("D- For each disk, report Nn");
printf(' . .);
printf("the reads/writes per second, \n");
printf(" I# );
printf("the percentage of disk utilization '");
printf(" ");
pdintf("I- Report the counts in each interval W");
printf( .");
printf("t- Report the read/write character number ");
printf("to terminal Nn");
printf('"n\n Please select them => [cdDIt] ");

gets(iostat-optjisn);
printf('Nn");
iostat_opLerr_isr=O;
char_indexjisru--0;
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/* Check the options of the ping untility,
If the users input error option,
then the users need to input the options again *

while (charjndexjisru < strlen(iostat_.ptjisru) && iostat-opt errjisru!=I

if (iostatjoptjisru~charjindex-isruI !='c&
iostaLoptjsru[charjndex isru] !='d'&&
iostatoptjsru[charjfldexjisrul !=D'&
iostat..optjsru[charj- ndex-isru] !='I'&&
iostaLoptjisru[charjndexjisruJ != 'tin)

printf('Nn!!! lostat option selection is")
printf("error Hi TVl);
iostatopt~errjisru-- 1;

chajrjndex-isru++;

if sre~ot~pir)>0
I

strcat(iostatL_cind-isru,"-');
strcat(iostat cmdjisru,iostat-optjisru);
strcat(iostat~cmd-isru," )

I
pr~intf("*** Do you want to limit the number of disk \n");
printf(" included in the report (Y/N) -=> Nn");
disk_limit~flagjisru--confirm ~continueG;
included -disk~nwnber _err flagjisru= 1;
while (disk~limit-flag-isru I && included-disk-numberý_erri-flag-isru 1

strcat(iostat_cmd_isru."-l )

included-disk-number-isru[0l=\O';
print~f("*** Please input the included disk number(default :4) == )
gets(included-disk~numnber-isru);
printf('\ni");

if (included_disk-numberjisru ==NULL 11
strlen(included disk-numnberjsru) <=-0)

I
stvat~iostat~cmdjsru,"4 )

I
else
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if (atol(included disk-numnber _isru) > 0)
I
strcat(iostat-cmdisni,included-disk-numberý-isru);
strcat(iostat-cmd-isru," ");
included-disk-numberý_err _flagjisru=O;

else

included-disk~number -err -flag-isru=l;
printfC'!!! The included disk number input )
printf("error ! !M!");
printff"!! Please input it again !! !\n');

printfC'*** Please explicitly specify the disks to be reported ==-->\,n");
specified disks isru[O]=NO';
gets(specified disks-isru);
if (st~rlen(specified disks isru) > 0)

strcat(iostat. cmd -isru~specified-disks-isnu);
strcat(iostat-cmd-isru,"")

interval isru=-t-;
while (interval-isru < 0)

I
intervaLsjsru[O]=V'O;
printf('*** Please set once each interval seconds =>(default: I second)\n")
gets(interval~s..isru);
if (interval-s-isru != NULL)

if (strlen(interval_.sjsru) > 0)

interval -isru=atol(interval-sisru);
if (interval isru > 0)

strcat(iostat-cmd-isru,interval-s-isru);
strcat(iosta±..cmd-jsru,"")
get count-flag-isru=- 1;
I

else

printfC'fl! Interval input error H 1\an);
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printf("!!! Please input it again !\NV);
interval_isru=- 1;

I

interval-ism=0-O
geLcountflag-isru=-O;

else
f
interval jsni=O;
getscounLfl ag-isru=-O;

count_isru=- 1;
while (countjisr < 0 && geLcoun~fagjisnl==1

count-s-sru[OI=\O';
printf("*** Please set count reports"');
printfC' =-> W'");
gets(count-sjisr);
if (countLisruni!= NULL)
I
if (strlen(count...sjsru) > 0)
I
countjisru=atol(count~sjsru);,
if (count~isru > 0)

I

else

printf("!!! Count input error ! !Ni");
printf("! 1! Please input it again H !\NV);
count_isru=- 1;

else
I
couintisni=-O;,
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else

count isru=O;

iostat-cmd-iswu[strlen(iostat-cmd-ismu)I=V);
system(iostat~cmd-isru);

pnintf("\n*** Do you want to execute the 1/0 statistics report i)

printf("utility again (YIN) ");
continue-flagijsru=confirm continucO*,

f* This procedure will generate the virtual memory statistics report
for users. Users can set the different parametars to get the
virtual memory statistics report which they want.

vm_statistics_reportutilityo

int continue -flag~vsru,batch modeý_vsru~vmstat opt err _vsru;
int get-count-flag-vsru;
char vrnstatscmdvsru[2561,vlnstaLbatch~cmd~vsrul256l;
char vmsta(_opt..ysru[7];
char interval-s...vsru[341,count~s_vsruII34l;
long interval_vsru,count-vsru;

continue..flag~vsru=- 1;
while (continue flagyvsru == 1)

I
vmstat_cmc~vsrullOl=VO;
printf("\n\,n*** Welcome to"H);
printf('the virtual memory statistics report Utility **4ANn\,n");
batch~mode-vsmu-select~execution~modeo;
if (batch mode-vsru == 1)

vmstat-batch-cmd-vsmI[Ol='O;
printf("\n!!! Type <exit,> or <quit> to exit )

printf("the virtua statistics utility batch mode !!t ni");,
Awhile ((strctnp(vmstat -batch-cmd vsru,"exit")) !=0 &&

(strcmp(vmstat-batch~cmd~vsru,"quit")) !=0)
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pnintf('t nvmstat command > )

gets(vmstal~batch_cmd~vsru);
if ((strcmp(vmstatbatchý_cmd vsru,"exit")) !=0 &&

(strcmnp(vmstat~batch cmd-vsru,"quit")) !=0)

if (strncmp(vmstat~batch_cmdvsru,"vmstat',6) == 0)

system(vmstat-batch-smd-vsru);

else

printf('\n!! Unknown command (not vmstat command) N!!n");

printf('7\n!! Exit the vmstat utility batch mode )

printf("execution H ! !nM");
getcharo;

else

strcpy(vmstat-cmd-vsru,"vmstat")
vmstatoppt errý_vsru= 1;
while (vrnstat-optenf-vsru =)

I
printfQ'Nn*** please select options for virtual memory )
printf("statistics report utility *** NM)

printfC'f- Report on Nn");
printf(" )

printf("the number of forks and vforks");
pnintf("since system startup, Nn");
printfC' of);
printf("tle number of pages of virtual memory involved Nni");
printfC ")
printfC'in each kind of fork, Nn");
printfC' ");
printf("i- Report the number of interrupts per device Nn");
printf(" ");
printf("s- Display the contents of the sum structure \W");
printf(" ");I
printf("S- Report on swapping activity")
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printf('Nnf Please select one = D
gets(vmstaLcopt...vsru);
printf("\n");
vmstat-_opt..err..ysru=O;
if (strlen(vmstatopt vsru)> 1

vmsttopt~ezT..ysr- 1;

else

/* Check the options of the ping untility,
If the users input error option,
then the users need to input the options again *

if (vmnstat opt vsrutOl != 'f && vms~taopt~vsru[OJ !='i'&&
vmstat-opt~ysru[Ol != 's' && vinstat...opLvsru[O] != 'S')

I
printf("\n!!! Vmstat option selection is error !! !Nn");
vrnstaLopLerrý-ysru--I;

if (strlen(vmstat..opt~vsru) > 0)

strcat(vmstat cmd vsru,"-");
strcat(vmstat cmd-vsru,vmstat~opt-vsru);
st~rcat(vrnstat-cmd_ysru,'")

interval_vsru=-l;
while (interval-vsru < 0)

interval-s..snm[O]=WO;
printf("***~ Please set once each interval seconds = >\n");
gets(interval s-vsru);
if (strlen(interval-svsru) > 0)

if (interval_s_vsru != NULL)

interval vsru=atol(interval s vsru);
if (interval~vsru > 0)

strcat(vmnstat~cmdvsru,interval_s_ývsru);
stitat(vmnstatccmd~vsru," )

get count~flag-vsru---1;
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else
I
printf("!!! Interval input error H!!Nn");
prinzif("!!! Please input it again !!!\n");
interval vsnri=- 1;

else

interval_vsru=O;
geLcount-jlag~ysru=O;

els
I

interval vsru=O;
getscount-flag~ysru=-O;

count-vsru=- 1;
while (count-vsru < 0 && getcount~flag~vsm = 1

count_sysru[0]=\O';
printfC'*** Please set count reports");

gets(count s-vsru);
if (coun~svsru != NULL)

I

count~vsru--atol(count~svsru);
if (count-vsru > 0)

strcat(vinstat cmd-vsru,count-s-vsru);

else

printf(' !! Count input error ! !ni");
printfC'!!! Please input it again H!!TV");
count~vsru=- 1;
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else

count vsru=O;

else

count vsru=-O;

vmstat-cmd-Vsru[strlen(vmstat-cmd~vsru)1='O';
system(vmstat-cmd_vsru);

printf('Nn*** Do you want to execute the virtual
printf("memory statistics report utility again (YIN)")
continue-flag-ysru=confinn-continueo;

/* This procedure will let users use the 'unix command' *
unix_command_.executiono

char commnand uce[2561;

commnand-uce[O]=V)';
printf("\n!! Type <exit> or <quit> to exit the unix command ! ! \n");
while ((strcmp(command-.uce, "exit")) != 0 &&

(strcmp(command uce,"quit")) != 0)

printf('Nnunix command >")
gets(command-uce);
if ((st~rcmp(commandjace,"exit")) != 0 &&

(strcmp(commandjice,"quit")) != 0)

system(command-uce);

printf('"\a!!! Exit the unix command execution!!\nn)
getcharo;
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/* This procedure "I let users select the execution mode:
Batch mode or Interactive mode *

select-execution..mode()

int execution-mode sem,batch-mode-scm;

execution_mode-sem=O;
while (execution_mode-sem != I && execution_mode_sem !=2)

printf(\n*** please select the execution mode )

print~fC'I ***V\,ni");
printf(" 1. BATCH miode \n");
printf(" 2. INTERACTIVE mode \n");
printf("\n\n Please select one ==> ");
scanf('%d" ,&execution-mode_sem);
getcharo;
printf('Nn");
if (execution-mode_semn 1)

batch-mode sem=I;

else

if (execution-mode_sern= 2)

batch-mode-sem=O;

else

printf('\n!!! Execution mode selection is error");
printfC'! " )

return batch-mode scm;

/* Tools for File Transfer Measurement *
file-transfer-measurement tools()
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FILE *ftp data-ftint,
char cur.patti-.ftrnt[2551.title-ftnt[8 I]-,
char ftp-data-filename-ftmt[45];
int simple-num-fimt,data-without-io-ftmt,cur-path-len-ftmt;
long time-hour-interval-rangejitnit;
int opt-fun-ftmt,chdir-fag-ftrnt;
int exit-flag-ftmt,continue-flag-ftmt;

1* Get the parameters for the file transfer measurement tool ~
opt-fun-ftmnt=-O;
exit-flagjftnt=O;
while (optjfun-ftmt <z 111I optjfunjtmnt> 5 11 exit-flag-ftmt =0)

continue-flagjunmt=O;
optjfunjftmt=displayjfile transfer-measurement-menuo;
switch (optftunjtmt)

case I
printf("===»> Do you really want to execute this ;
printf("function (YIN) ? ");
continue-flag-ftnn=confirmn-continueo;
if (continue-fag~ftmnt == 1)

file-transferQ;
I

break;

case 2 :
printf("=-=»> Do you really want to execute this")
printf('function (YIN) ? ");
continuejflagjftmt=confinn-continueoQ;
if (continue-jlagjftmt = 1)

statistic-reporto;

break;

case 3 :
printf("===» Do you really want to execute this')
priinf(" function (YIN) ? ");
continue-flag-ftnn=confinn_continueo;
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if (continue_flagjftmt == 1)
I
file_utilityo;

break;

case 4 :
printf(Q'n Do you really want to exit ? (Y/N) ");
exit-flag_ftmt=confirmcontinueo;
break;

default :
printf('%n Function selection is error, ");
printf("please check it !!! Nn");
break;

I

printf("\nrn!!! Exit file fransfer measurement tools !!!");
getcharo;

/* This function will display the menu for user to select
the function of the file transfer measurement */

int display-filejtransfer measurementjmenuo

int optfundftmm;

printf("'n\n\n <<<<< File Transfer Measurement Tools Main Menu");
printf(" >>>>> N");
printf(" 1. File Transfer Measurement \n");
printf(" 2. Measurement Statistic Data Report \nfn");
prinff(" 3. Data File Maintenance Utility \nzn");
printf(" 4. Exit nna");
printf(" Please select one function (1-4) ==>> ");

scanf("%d",&opt_funjdftmm);
getcharo;
printf("\n");
return opt_funxdftmm;
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file_transfer()

fint sockfL-tft,sockfd-u-ft;
char serv-host~addrjft[256J;
char ftpfilejiaie-with..pathjft[2561 ,ftp-jilenamejftf45];
char ftp infogniamejt[20].ftp_file-sizejft(7J;
char measurement-time-s-ft[34];
int n-j,protocoL-ftin-sizejft,ftsize-ft;
int serv_host_addr-errýft~socket_errl_ft;
int msg-size-ftimeasurement~time-ft~measurement-ctrý-ft;
stnuct sockaddr-in serv-addruft;
int file-head-ft,st~atresýft,cur-path-len-ft;
long filejlen~ft;
char file-len -s -ft[34],cur-pathjft[256],chmnod-string-ft[256j;
struct stat f stat ft;
struct timeval readjfile_time__t;
FILE *ftp file -ft;
FIE *ftp-lnfo..ft;

cur~path~ft[O]=%~Y;
ftpjfile _namne-with...path-ft[O]=\0;
ftp..file-namne_j[=\;
ftpjnfbo_name_ft[OI=\iY;
serv_host_addrft[O]=\IY;
filejlenjft=O;
file_Ierts.sft[O=%4);
serv-host-addr-err -t=-O;
measurement_ctrft= 1;

get-paramneters(serv..hosLaddr~ft,ftp file-namejt,
ftpjile...sizejt,&serv__host_addrýerrýft,
&protocoL-ft,&mnsize ft.
&measuremenL~timejft);

if (serv_host-addr-err-ft == 0)

if (getcwd(cur..pathjft.255) = NUJLL)

printf('%n !!! Can not get the current directory !!! \n");

else

if (protocol~ft 1)
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strcat(ftp-jnfoname~ft,"TCP-");

else

strcat(ftp-info-nane-ft,"UDP-");

if (protocoljt=)

switch(m size ft)

case I:
strcat(ftp-info namek ft" 1024"1);
msg-sizejft= 1024;
break;

case 2 :
strcat(ftpjnfo-natne-.ft,"5 12");
msg-size-ft=5 12;
break;

case 3:-
strcat(ftp-info-name-ft,"256");
msg size -ft=256;
break;

default :
break;

els
I

switch(msize ft)

case 1:
strCat(ftpjnfo-name ft"4096");
msgsizejft=4096;
break;

case 2 :
strcatftp info name-kt"2048");
msg size-ft42048;
break;
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case 3:
strcat(ftpinfo namne-ft, " 1024");
msg-size -ft= 1024;
break;

case 4:
strcat(ftpjinfo name f'5 12");
msg...size-ft=5 12;
break;

case 5 :
streat(ftp info _name ft2256");
msg-size-ft=256;
break;

case 6 :
strcat(ftpj nfo - axnejt" 128");
msg-sizeft= 128;
break;

default :
break;,

strcat(ftp~file-namecýwidh-ath-ft,cur..pathý.ft);
strcat(ftp-fle name-with-patW..ft,"/ftp-file/");
strcat(ftpjnfo-namne-ft .....);
strcat(ftpfile-namne_ tpth~ft,ftpjitle..name-ft);
strcat(ftpjnfWo_naxne -ftfp file -size-ft);
ftp~file~nameýwithipathjft[strlen(ftp..file-name-withpath..ft)I=NO';
ftp-jnfo-name-t[strlen(ftp jnfojiaxnej-t)]=N0;
file -bead -ft=opcn(ftp-file -name-witlt-pathjtOY.DONLY);
if (file hecad-ft = 1)

printff'Nn !!! Can not open the file : %s H !\n',ftpjfile-name-with..pathjft);
close(filejieadjft);
I

else

stat-res -ft=fstat(flle-head-ft,&f-staL-ft);
i f (SWat- esjft == 0)
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sprintf(filejlen_sjft'%1d',f~stat-ft.st_size);
file_len~ft=f_stat-ft.st~size;

else

strcpy(fl le-len~st"O)

close(file-head-ft);
ftpfilejft-fopen(ftpjfile-name-with~path~ftr");
if (chdir(serv-host_addrjt) =-1)

if (mkdir(servjlbosLaddrjt) =-1)

printf('N !!! %s subdirectory create error !!! \n");

else

strc-py(chino~string~ft,'chmod 777 )
scat(chmod-string..ft,serv host-addrýft);

system(chmod-string-jt);
chdir(serv-...ostaddr-ft);

if ((ftpjinfo-ft-fopen(ftp-jnfo...name-t, "r")) =NULL)

I
ftp-infojft=fopen(ftpjinfo-iame-ft,"w");
fprintf(ftpjnofot,t %s",ftp-info-namne-ft);

else

fclose(ftp-info-..ft);
ftpirfojft=fopen(ftpjnfo...name..ft,"a");

if (protocol~ft == 1)

while (measurement_time-ft > 0)

read-file-time-ft.tv-sec=0O;
read_file_time_ft.tv-usec=0;
socket-err-ft=-O;
printlQ'\n ==-» Measurement times is: %d Nn" jneasurementsctrjt);
openjtcp~socket(servjiostjtddrft,&sockfd t_ft,&socket~errý_ft);
fseek(ftp..filejft,OL,0);
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if (socket-err-ft ==0)

tcp--cli(flp..file-naneýft,&sockfd t-ftmisg-size-ft.
file_len__sjt,ftp file-ft.&read-file..time...ft);

tcp..summary(&sockfd-tft,ftp info-name ft.ftp-info._ft.
read-file_£iine..ft);

else

printfC'!!! TCP socket open or connection error !!!n)

measurement_ctrft++;
measurement-time~ft--;
close(sockfd&Lft);

else
I
while (measurement~time_ft > 0)

reI fl~ie~ttsc0
read-file-time-ft.tv-usec=0;
soeadf'e-rtim=O;vuscO
printf('r\n f=» esrmn ie s %;"maueettj)
oprinudpsock>> etasue ment d tims&s:ckfd N"unasrft.cr-f

openudp~cke&serv~hs_addruft,&socket_err ft)

fseek(ftpjfile-ft,OL,0)*:
if (socket-err-ft == 0)

udp~cli(ftp~file...name~ft.&sockfd_ýujt,msg~size-ft,
(struct sockaddr *) &serv~addrjij~t,
sizeof(serv--addrý_u~ft),file -len -Sft
ftpj lejft, &re ad-file-time--ft);

udp~summary(&sockfd~ufttpjnfo nameft
(struct sockaddr *) &serv_addr-u-fi,
sizeof(serv-addr-ujft),ftpjinfojft.
read-file-tine-ft);

else
I
printfC"!!! UDP socket open or connection error"~);
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measurement crý ft++-
measurement timeft-
close(sockfd-uft);

fclose(ftp info ft);
fclose(ftp-filejft);
cur...path lenk_ft=strlen(cur..pazhjft);
cur-pah-t[curjpath -erft]=\O';
chdir(curjpath~ft);

getparatneters(serv-host -addr-gpjftp file name..gp,
ftpfile..size...gp,serv host-addrý.err..gp,
protocol-gpin-.size-gp measurement-time-gp)

char *seiry-host-addr..gp;
char *ftpjfilenamegp;
char *ftp file-size...gp;
int *serv_host~addr-errgp;
int *pImtocol-gp;
int *m-size-gp;
int *measurement-tjme~gp;

I
int opLbuf-gp,try-.again-gp;
unsigned long inaddr..gp;
struct hostent *dumy-ptrgp;
/* this is a dummy variable for the convert_host~name_to_address

procedure in this procedure. *

/* initialize the protocol parameters ~
serv_host_dd~r~gp[~O]=NO';
*protocol~gp...O;
*msize~gp..4 0;
*measrement~time~gp...JJ.
try-again-gp=O;
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while (strlen(serv-host-addr...gp) ==0 && try-again-gp <= 3)

printf(CNn *** Please input the symbolic name/internet address of server =--> )

scanf('%s",serv host-addr-gp);
if ( (inaddr-gp = inetaddr~ehjost~addr-gp)) == INADDRNONE)

convert-host~namne-toaddress(serv host-addr-gp,&dummy~ptr~gp);,

else

)convert-host~address-inforration(serv~host~addr-gp,&dumimy-ptr-gp);

if (strlen(serv_host_addr..gp) ==0)

*servhost~addrý_erri~gp=1;

else

*serv -host -addr -err-gp=0;

tny-gpi-=try-again-gp+ 1;

if (*serv -host_addr-effrp = 0)

while (*protocol..gp != I && *protocol-gp !=2)

printf('\n *** Please select the protocol for measurement \" );"
printff'Nn 1. TCP )

printf("\n 2. UDP )
printfC'%nM Please select one =-> ')

scanf("%d',&opt..buf...gp);
*protocol-gp~optbuf gp;.
if (*protool-gp != I && *protocol-gp != 2)

printfC'!!! Protocol selection is error N ! \n");

if (*protocoL-gp == 1)

I

printf("\n *** Please select the message buffer )
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printfC'size ");
printfC' for measurement ***\s")
pnintf("\n 1. 1024 bytes ");
PrintfC'\n 2. 512 bytes ");
printfC"\n 3. 256 bytes"');
pnintf("\nM Please select one=>')
scanfC'%d",&opt~bufgV);
*m-size-gp=opt-.buf.gp;
if (*m -size-gp != I && *m-size-gp != 2 && *m-size-gp 1=3)

printfC'!!! Message buffer size selection is error N1 Nn");

if (*protool-gp = 2)
1
while (*m size..gp != I && *m-size..gp != 2 && *m-size~gp != 3

&& *m size-gp != 4 && *m size...gp != 5 && *m-size-.gp 16)

printfC'\n *** Please select the message buffer )
printfC'size for measurement ***\""" ;
printfC"\n 1. 4096 bytes )

print~f("Nn 2. 2048 bytes )

printf("\n 3. 1024 bytes )

printfC'\n 4. 512 bytes')
printf('Nn 5. 256 bytes ");
printfC'\n 6. 128 bytes ");
pnintf('\nM Please select one=> )
scanf("%d",&opt buf gp);
*m-size-gp~otbuf`gp;
if (*m size..gp != I && *m_size-gp =2 && *m size..gp !=3 &&

*m-s-ize...gp 1 =4 && *miisize...gp 15 && *m-size..gp 1=6)

printft"M! Message buffer size selection is error !INi");

select-fpitle-Size(f fjle-name-gp~ftpjfile-size-gp);
if (strlen(ftpjfile name...gp) = 0 11 strlen(ftp...ile..size..gp) -~ 0)

printf("!!! No transferred file be selected, exit file transfer function !! Nn");
*measuremen~timegp...(J;
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else

while (*measurment time..gp <=-0)

printff'n ** Please input the measurement times that you want ="

scanfQ' %d',&optbufgp);
*measurement-time-gp=opt-buf-gp;
if (*measuement~time~..gp <--0)

printf ("!!! Measurement time selection is error H N)

else

printfC'!!! Server host narne(address) input error !!!N'");
printfC'!!! Please check the name or address !M!!n");

t* typedef struct. hostent *hostentjatr,*

/* Convert the host name to a dotted-decimal number
by the gethostbynameo *

convert_host-nameý_to__address(serv host__addrý_chnta,host info-chnta)

char *serv-host -addr-chnta;
struct hostent **host_info_chnta;

struct in-addr *host~addr-chnta;
struct hostent *hostptr-chnta

if ((hostptr-chnta--gethostbynamne(serv-host-addrschnta)) =- NULL)

printf C'!!! the host name error : %s,",serv-host_addrý_chnta);
printfC' please input the correct name. H N !n");
serv-host_addrschnta[0I=\O';
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else

*host-info-chnta--host~ptr-chnta;
host-addr-chnt~a7((struct in-addr *) hostptrý-chrna->h-addrj-istlOl);
strcpy(serv-host addr-chnta,inet-ntoa(host....addrý-shnta));

/* Convert the host address to offical name and the server
address is correct or not by the gethostbyaddr()*

convert-host-address-inforTnation(serv-host-addr cati,host-info-cati)

char *serv-host-addrcati;
struct hostent **host~nfo-cati;

I
struct hostent *host~ptrý.cati;
struct sockaddrjin host-addr-cati;

host addrý-cati.sinportntohs((ushort) host addr cati.sinport);
host_addr--cat.sin_addr.s-addr--inet -addr(serv host_addr-cati);
if ((host~ptrs~ati=gethaostbyaddr(host addri_cati.sin-addr~sizeof(host~ptr-cati),

AFJINET)) = NULL)

print~f('!!! the host address error:%s,
serv-host~addrý-cat);

printf(' please input the correct address/name ! !Ni");
serv-host-addr-cati[O]="iY';
*host -info -cati=NULL;
I

else
I
*host-info-cati=host-ptr-sati;

f* Select the size of the FrP file.
This procedure will return the FTP file name which is
correspond to the file size *
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select-jtpjfile...size(ftp-file namne-sffs,ftp-file..size-sffs)

char *ftp file name sffs;
char *ftp~file-Sjze~ffs;

char cur-path sffs[2561 ,ftp file-path sffs[256J;

curpath,..sffs[O]=NO';
ftp-file-path-sffs[O]=WO;
printf("\n!!! Please wait a second for the transferred file size )

printf("proceeding!!\n)
if (getcwd(cur...path-sffs,255) == NULL)
I
printf("\n !!! Can not get the current directory !!\n"V);
ftp~flle..name~sffs[O1='\L;
ftp~file-size~sff§[OI=VO';

else

strcat(ftp~fleýpatksffs,cur-path-sffs);

ftp-file-pathsffs[strlen(ftpjfile...path~sffs)1=NtY;
if (chdir(ftp...file..path..sffs) == -1)

ftp~file -ane~sffs[O]=V'';
ftp-file-size~sffS[O]=NO';
printfC'!!! Can not find the ftp-file subdirectory !! !\n');
printfQ'!!! Please check the ftp-file subdirectory ! ! !\nr");
I

else
I
system("ls -1 ftp-file.*MB > file.tmnp");
system("Is -1 ftp flle.*KB >> file.trnp");
file_selection(ftp...fHe name sffs,ftp file sizefs1)
if (chdir(cu~rpath sffs)-= -1)

ftp-file name sffs[Oj='O';
ftp..jile size-sffs[O1=NU;
printf("!!! Can not return the parent subdirectory from%s !! rn",ftp-file-path-sffs,);
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file__selection(file name_fs,file-size-or-file-no-fs,procjidjs)

char *file-name fs;
char *file -size-or-file_no_fs;
int proc idjs;

FILE *file tinp-fS:
char strljsj I l1,str2_fs[2l,str3fsl6],str4-fs[9];
char str5...fst41,str6 fs[3] ,str7_fs[6],str8-fs[451;
char file -extensionjfs[7];
int rec-ctrjfs,opt buf fs;

file_tmpjs=fopen("file.txnp",'r");
rec_ctr -fs=l1
opLbufjs=O;
while (!feof(file-tmpjfs))

f~scanf(file~unjmp.s,'%s %s %s %s %s %s %s %s\n",

str2Ifs,
str3 fs,

str4_fs,
str5_fs,
str6_-fs,
str7_fs,
str8_-fs);

if (proc, d -s == 1)

get _file_ extension(str8 fs,file-extension-fs,file_size-or-file-no-fs);
printf("\n %d. ",rec -ctr fs);
printf(" %s", .ile. extension fs);
printfQ'ytes )

else

if (proc -idi's == 2 11 proc_idjfs = 3)

onintfQ"\n %d. ",rec-ctr-fs);
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printf(' %s",str8-fs);

rec.-ctr-fs=rec-ctr-fs+ 1,

pnintf(N\nNn Please select one. <%d> to exit ===> .,rec_ctrjs);
while (opt~buf-fs = 0 11 opt-bufjfs < 1 11 opt-buf-fs > rec-ctr-f-si

scanff"%d" ,&opt-buf fs);
getcharO;
if (opt-bufjfs < I HI opt-buf~fs> rec-ctrjfs)

printf("!!! File selection is error !!!r\n");
printf("\n Please select one again ==> )

if (opt~bufjfs == rec-ctr-fs)

printf("\n!!! Exit Mie selection, no file be selected !!!\n');
file_name_fsto]=V'\;
file-size-or-file no-fs(01=ViY;

else

rewind(filejtinpjfs);
rec-ctr..fs= 1;
while (rec_ýctr~fs < opt_buf fs && (!feof(file-tmpjfs)))

fscanf(file-tmpjfs,"%s %s %s %s %s %s %s %s'\n",
str I fs,
str2-fs,
str3_fs,
str4-fs,
str5_fs,
str6_f,
str7_fs,
str8-.fs);

rec-ctr-fs=rec-ctr-fs+ 1;

fsca~if(file-tmp-fs,"%s %s %s %s %s %s %s %s\n".
stri _s,
str2_fs,
str3.js,
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str4..fs,
str5-.js,
str6-fs,
sstr7-fs.
str&..fs);

strcpy(file-name-fs,str8-fs);
filejiname-fs[strlen(file-name~fs)]=\LY;
if (proc-id-fs = 1)

I

if (proc idfs = 3)

sprintf(fifr...size or-file-no-fs,'%d",opt~bu~fis);

fclose(file~jmpis);
system("nn file.tmp");

/* Get the file extension from the full file namne string*/
get..file extension(file -name-str~..gfe~file_ .extension-gfe,file-size-gfe)

char *file-name_str-gfe;
char *file-extension-gfe;
char *file-size~gfe;

int file-namne_strj- en~gfe;
int charl ctr..gfe char2_ctr-gfe,char3srtr...gfe;
char charjbuf~gfe;

char I-ctr-gfe=9;
char2sctr-gfe-=0,
char3strgfe=0-
ch- buf Rfe=V,'
fil, _name-strIen-gfe=strlen(file~nwme..str~gfe);
while (chari _ctr~gfe < (file_name-str-len..gfe-2))

if (file-name_st~r..gfej char I _ctr.gfel >= '0'&& file-name~str~gfelcharl~ctr-gfel <=
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191)

char buf ... fe=file-namnestr~gfe[char lctr..gfej;
file-extension..gfe~char2 ctr...gfe j=char...buf-gfe;
file-size..gfetchar3-ctr..gfel=char-bufi..gfe;
char2sctr-gfe=char2 ctr..gfe+ 1;
char3cgtr..gfe=char3_ctr..gfe+ 1;

chartl-ctr..gfe=charl Ictr-gfe+ 1;

file-extension..gfefchar2_ct~r~gfe]=;
char2 ctr-gfe=char2ctr....gfe+ 1;
char-buf-gfe=file-namne_str~gfe[char I str-gfe 1;
file-extension..gfe[char2_ctr...gfel=charbufigfe;
file-size...gfe[char3-ctr...gfel=char-buf-gfe,
char I tr~gfe=charl _ctr~ge I
char2_ctr~gfe--char2_ctr~gfe+ 1;
char3ctr....gfe-char3-ctr..gfe+ 1;
char...buf gfe=file name_str~gfe~charlIctx-gfeJ;
file -extension..gfe[char2-ctr..gfel=char-buf-gfe;
file-size..gfe[char3_ctr-gfel=char-buligfe;
file-extension..gfe[char2 cui~gfe+ I ]=W'O;
file-size-gfefchar3 ,ctr..gfe+ I ]='\O';

]* This procedure will open a DATASTREAM socket for TCP protocol *
open-tcp-socket(servhostaddr...ots,sockfd__ots.socket err-ots)

char *serv.host-addrots;
mnt *soclfdopts;
int *socket~err_ots;

struct sockaddr-in cli-addr-ots~serv~addrý_ots;

/* Fill in the structure 'serv-addr' with the address of the
server that we want to send to. */

bzero((char *) &serv_addr-ots, sizeof(serv~addr-ots));
serv-addr-ots.sinfamily = Af-JNET;
ser-v-addr_opts.sin_add r.s-addr = mnet_addr(serv-host_addr-ots);
serv-add-r_ots.sin port = htons(SERV_TCP_PORT);
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/* Open a TCP socket (an Internet stream socket). *
if ((*sockfd-ots = socket(AFjNET,SOCKSTREAM,O)) < 0)

printf('Nn client: can't open stream socket\n");
*socket~err_ots=l;

else

/* Connect to the server ~
if (connect(*sockfd ots, (struct sockaddr *) &serv_addr-ots,sizeof(serv-addr-ots)) < 0)
I
printf('"'n client: can't connect to server\n");
* socket_errots= 1;

/* File transfer procedure:
This procedure uses the socket to send file from client
to server and receive the response message from the
server *

tcp~iftjie~..nxn..tc,sockfd...tc,msg size-tc,file_le ~cfpfl~crad file_time_t
c)

char *ftp-file-name-t;
int *soclcfdtjc;
int msg~size~tc;
char *file-len-s-tc;
FILE *ftp~file~t;
struct, timeval *read_file_time..jc;

int n-tc;
char *sn'ietrcln-c
long filejlenjtc,
struct timeval start-rec_Limeyj~c;
stnict timezone startmrc-timez~tc;
stnict timeval end-itc-time-vtc;
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struct tilnezone end-rec-ýtirne-zjc;

n~tc-=O;
file-len-tc=O;
send]line-tc--(char *)maIloc((msg-size tc+ I)*sizeof(char)),
recvliniejtc-(char *)rnalloc((msg-size-tc+ l)*sizeof(char));
*sendline-tc=-NO';
*recvllfle-tc&N'Y;
printf('\n !!! File transfer simulation is processing !!! \n");
n~tc=strlen(fxlejlen..S..tc);
filejlen-stc[n-tcl=NLY;

/* send the file length to server
if (write(*sockfdjtc, file len s,_tc, ntc) != n tc)

printf('ttcp-cli: write fi le-len-s-t error on socket Nn");

else

if (read(*sockfd-tc, recvline tc, ntc) != n-tc)

printf("tcp-echo: read file-len-s-tc error on socket Nn");

else

*revline_tc=NO';
n~tc = strlen(ftpfile-namne-c);

/* write the file name to server */
if (write(*sockfd tc, ftp-file-name,_tc, n~tc) != n-tc)

printfC'tcp_cli: write file-name-tc error on socket Wi);

else

if (read(*sockfd_ tc, recvline-tc, nLtc) != n-tc)

printfC'tcps.cho: read ftpjtile-namne-tc error on socket Wi");

else

*recvline~tc=W;
file-len~tc=atol(file_len_s_tc);
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if (ftp~file~jc == NULL)

printfC"nr !!! Transferred file %s open error !!! \sn".ftp-file-name-tc);

else

while (filejlen-tc > 0)

gettimneofday(&start_rec;_time-vtc,&start-rec-tiine~ztc);
n-tc=fread(sendline-tc, sizeof(char),msg-sizejtc. ftp file-tc);
gettimeofday(&end rec_timey..jc,&erid_rec_time_z_tc);
tvsub(&endjrec~time_v-tc,&start-rec-time-v-tc);
tvadd(read~file-time-tC,&end-rec-timeý-y~c);
filelen tc fil~en tc-n tc;
*(sendljne-tc+n~tc)=\0';

/* write the file content to server ~
if (write(*sockfd__c, sendline__tc, n~tc) !

n..tc)

printf("tcps-ýli: Transferred file write error )

printf("on socket \n");

I

/* Now read a message from the socket and write
it to our standard output *

n~jc--read(*sockfd~tc, recvlinej-c, msg~sizejtc);
if (njtc < 0)

printf("tcp~echo :Transferred file echo read error Nn");

*(recvline_jc+n-tc)=\U'; /* null terminate ~

if (ferror(ftpjfile~jc))

printfC'tcp-cli: error reading file");

free(sendline_tc);
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free(recvline_tc);

/* This procedure will receive the file transfer time from server and
save thesc data into file transfer information files

tcp-summrary(sockfdjts,ftp info_naxnejts,ftpjinfojýs,readfile timne-ts)

char *ftpjinfo-naie-ts;
FILE *ftp-info--ts
struct tiineval readffile_tnie-js;

char file-len-sý-ts[34],timne.hout..ts[34];
char ftp-witl io-sects[34J,ftp-with -io-ýusec-tsf 341;
char ftp...without io-sec-ts[341,ftp without-io~usecjts[341;
nt, n -ts;

long time_hour-dts;

file-lens-js[O]=NL;
time-hour-tsfO]=*\0;
ftp..with -io_secjs[Oj=N'O';
ftp-with-io-ýusec-ts[O]=WO;
ftp-without-io-secj-s[OJ=PO;
ftp without_io~usecjts[OJ=P;
printff"\n File transfer finished H! Nn");

f* get the hour of file transfer simulation *
n -s = read(*sockfdjts, timejhour ts, 34);
if (njts < 0)

printf("tcp-smy :timne-hourjis read error\n");

else

time-hourý-ts[njs=WO;
if (write(*sockfd__s, time hour-ts, nots) != n~ts)

printf('tcpsmy : time_hour-ts write error \n");
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1* get the second for file transfer with disk 1/0 *
n--ts = read(*sockfd ts, ftp-withio~sec__s, 34);
if (n-ts < 0)
f
printf("tcp-sny :ftp-with-io-secIs read error\n");
I

else
I
ftp..with -io~sec -s[n -ts]=\O';
if (write(*sockfd ts, ftp_with-io-sec~ts, n~ts) != n_ts)

printf("tcp-smy :ftp_with-io-sec._ts write error \n");

/* get the u~second for file transfer with disk 1/0 *
n-js = read(*sockfd-ts, ftp-withio~usec-ts, 34);
if (n~ts < 0)

printf("tcp.smy : ftp_ýwith-io-usecjts read error \n");
I

else
I
ftp with -io_usects[njýs]='4';
if (write(*sockfd ts, ftp-with-io-usecjts, njts) != njts)

I

/* get the second for file transfer without disk 1/0 *
_-t = read(*sockfd Is, ftp without-iQ-secjts, 34);

if (njýs < 0)

printf("tcps-my :ftp-without-io-sec-ts mead error\n");

else
I
ftp without~io-secjs[njts]=NOY;
if (write(*sockfd -ts. ftp-without-io-sec-is, n1ts) != n-ts)

printf('tcp-.smy :ftp-without-io-secjis write error \n");
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/* get the u-second for file transfer without disk 1/0 *
n_t = read(*sockfd ts, ftp without-io~usecjts. 34);

if (nts < 0)
I
printf("tcp-smy :ftp-ýwithout-io-usec-fs read error\n");

else

ftp--without-io-jisecj-s~njtsJ=\1;
if (write(*sockfd-ts, ftp..withoutjio uscc ts, n~ts) != nits)

I

/* get the ftpjfile length ~
ni-ts = read(*sockfd-ts, filejlenusjs, 34);
if (njts < 0)
I
printf("tcp~smy : filejlen-s_ýts read errvr\n");

else
I
filelen-sjs[n-ts]=\tY;
if (write(*sockfd ts, filejen-sjts n-ts) != njts)

printf("t~cp-smy :file len-s-ts write error\n");

fprintf(ftp-infojts,"\.n%s %s %s %s %s %s",
file-len -s - s,
time -hour _ts,
ftp-with-io-sec_As.
ftp..with-io-usec-ts
ftp-without -io -sec - s,
ftp-without-io-usecj-s);

printf('"\n\ni*** SUMMARY ***~\njn);

printfQ"The transfered file length is : %s\n",file-len-sjs);
time hour d ts=atol(time..hour..js);
printfC'The file transfer time is : %s \n",ctime(&time-hour-d-ts));



printf("The sec for file transfer with disk 1/0 is : %s \n",ftp-with-io-sec~ts);
printf("The mirco sec for file transfer with disk 110 is )
printfC" %s \n",ftp_ with -io...usecjts);
printf('The sec for file transfer without disk 1/0 is :)
printf(" %s \n".ftp-without-io-secIs);
printf("The mirco sec for file transfer without disk 1/0 is");
prinitfC : %s Wn"ftp_ without-io_usec..ts);

/* This procedure will open a DATAGRAM socket for UDP protocol *
openiudp__socket(serv~jiost addr-ous,sockfd-ous,serv-addr-ous.socket err -ous)

char *serv-host-lciJ-ous;
mnt *sockfd-ous;
struct sockaddr_in *serv-addr-ous;
mnt *socket~errý_ous;

I
struct sockaddr-in cli-addr-ous;

1* Fill in the structure "serv-addr" with the address of the server that we want to send to. ~
bzero((char *) serv__addr-ous, sizeof(*serv~addrous));
serv_addrý_ous->sinjfamily = AFINET;
serv_addrý_ous;->sin_addr.s -addr = inet..addr(serv_host_addr-ous);
serv-addr-ous->sin-port = htons(SERV_UDPPORT);

/* Open a UDP socket (an Internet datagrani socket). */
if ((*sockfd-ous = socket(Af INET,SOCK_DGRAM,O)) < 0)

printf("client : can't open datagram socket\n");
*socketuerrý-ous=l1;
I

else

/* Bind any local address for us ~
bzero((char *) &cli addr opus, sizeof(cli-addr-ous));
cli -addrý-ous.sinjaniily = A.F_INET;
cli-addr-ous.sin-addr.s-addr = htonl(INADDRANY);
cli -addrý-ous.sin port = htons(O);
if (bind(*sockfd_ous, (struct sockaddr *) &cli-addrous,sizeof(cli addr-ous)) < 0)
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printfC'client : can't bind local address \n");
*socket_err~ous=l;

udpcli(ftp~file...narrne uc,sockfd_ýucmsg..size-uc,pserv addr -uc.
servlen~uc,file~len~suf Hfie uc,read file tieu

char *ftp-file-nane-uc;
int. *soclfd__c;
int msg-size-uc;
struct sockaddr *psev-addr-uc;

I* ptr to appropriate sock addrXX structure ~
int servien uc; /* sizeof(*pcli addr) *
char *file-len-_Sjc;
FILE *ftp file uc;
struct tixneval *read-file-tiirie-uc;

int n-uc;
char *sendlinefl_uc,*recvline~uc;
long file-len-uc;
struct timeval start-rec-time-v-.uc;
struct timezone start-rec-time-zuc;
struct timeval end-rec-trne-vuc;
struct timezone end-rec-timne-zuc;

nk_uc=Q;
file-len-uc=O;
sendline~uc=(char *)malloc((msg~size uc+ I )*sjzeof(char));
recvline-uC=(char *)malloc((msg~sjze uc+ 1)*sizeof(char));
*sendline -uc=VY';
*recvline_uc=NO;
printf("\n !!! File transfer simulation is processing !!! Wn);
n_uc~strlen(file~len~suc);

I* send the file length to server ~
if (sendto(*'sockfd uc, file len-suc, nujc, O.pserv-addr-uc, servlen-uc) !=n uc)
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printfQ'udp cli: sendto file-len-s error on socket \n");,

else

n-uc=recvfrom(*sockfd_uc, file-len~s-uc, n-uc. O,pserv-addrýuc, &servlen-uc);
if (nuc < 0)

printfQ'udpscli : recvfrom file-len_s error \n");

else

*(filelien~suc+nufc) = NY'; 1* null terminate ~

n-uc--strlen(ftpjtlejniane-uc);

/* send the file name to server */
if (sendto(*sockfdjjc, ftp-file-name-uc, n-uc, 0,pservjtddr~uc. servlen~uc) =n~uc)

printfV'udpsl~i: sendto ftpjilecnamne_u error on socket \n");

else

n uc=recvfrom(*sockfd~uc. ftp H.e name uc, n uc, 0.pserv addr uc, &servlen uc):.
if (Fuc < 0)

printfQ'udpsli recvfrom ftpfile-namne-uc error \n");

else

*(ftp file__namne_uc+nkuc) = NO'; /* null terminate *

file len uc=atol(file-len~s uc);
if (ftp file uc ==NULL)

printf('Nn !!! Transferred file %s open error ! \n",ftp file_namne~uc);

else

I

gettimeofday(&staxt~rec_time~vjic,&start-rec-tire.z-uc);
n uc=fread(sendlinejic, sizeof(char),msg~sizejic, ftpjiHe uc);
gettineofday(&end-rec_time-ýyuc,&end_rec-time-zuc);,
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tvsub(&end -rec-time-v-uc,&start_rec-time-vuc);
tvadd(read_file_time-Uc,&end-recý-time vjic);
file_lenjic=filejlen~uc-n~uc;
*(sendljne-uc+n-uc)=VY;

/* send the file content to server ~
if (sendtoQ'*sockfd-uc, sendline uc, n-uc, O,pserv-addr-uc, servien-uc) =n-uc)

I

/* Now read a message from the socket and write it
to our standard output */

n_uc=recvfrom(*sockfd uc, recvline-uc, msg-size uc, 0,
pserv_addr uc, &servlen uc);

if (nuc < 0)

printfQ'udpspli :Transferred file echo recvfrom error\n");

else
I
*(recvline-uC+n_uc) = NO'; /* null terminate ~

if (feffor(ftp~file~uc))

printf("udp_!li: error reading file");

I

/* This procedure will receive the FTP time from server and save
these data into FT7P information files *

udp-suxnmary(sockfd-us,ftp-info-nnae-us,pserv-addr-us, servien-us,
ftp~infob..us,read_file-time-us)

mnt *sockfd us;
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char *ftpj!i.fo-nameus;,
struct sockaddr *pserv addr-us;

1* ptr to appropriate sockaddr_-XX structure ~
int servlen-us; /* sizeof(*pcli addr) *
FILE *ftp info-us;
struct timeval read-file-time-us;

char time~hour us[341,file-len-s us[341;
char ftp wiio-secýus[34],ftp_ with-io_ýusecc-us1341;
char ftp-without io-sec-us11341,ftp without-io-usec-usli34l;
int n-us;
long time-hour.&us;

file_len-su.s[O1='\LY;
time hour -us[OI=Vi;
ftp...with-io-sec-jis[Oj=NO';
ftpwi*th-io-usec-us[OI="O';
ftp-without -io_sec~us[OI=N\O';
ftp-without-io-ýusec~uslO]=NO';
printf("File transfer finished H! M")';

1* get the hour in a day for file transfer ~
ný-us = recvfrom(*sockfci us, time-hour-us, 34, O,pserv addr us, &servlen-us),
if (n us <0)
I
printf("udp-smy :time_hour-us recvfrom error\n");

else

time_hourý_us[n~usl=NO';

I* se~nd the time-hour-us to server ~
if (sendto(*sockfd us, timne-hour-Us, n-us, O,pserv addr-us, servien-us) !=n us)
I
printf("udp-smy :sendto time-hour error on socket W");,

/* get the second for file transfer with disk 1/0 ~
n -us = recvfrom(*sockfd-us, ftp-with-io-sec-us, 34, O,pserv-addr-us. &,servlen-us);
if (nus < 0)
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printf("udp-smy : ftp-with-io-sec-us recvfrom error~n");

else

ftp-with-io-sec-us~n-usj=NO;

/* send the ftp~withjio-sec_ýus to server ~
if (sendto(*sockfd us, ftp_with-io_sec-us, n_us, 0.

pserv-addr-us, servien-us) != n us)

printf("udp-smy :sendto ftp-with-io sec-us error on socket \n");

/* get the mirco second for file transfer with disk 1/0 ~
n-us=recvfrom(*sockfd-us, ftp...withjo-usec_ýus. 34, 0. pserv-addr-us. &servlen_us);
if (n-us < 0)

printf("udp-smy : ftp with-io-usec-us recvfrom error\n");

else

ftp~with jo-usecjis[n...us]=\VY;

/* send the ftpLwith_10_-usec-us to server ~
if (sendto(*sockfd us, ftp_ýwith-io_usec~jjs, n.~us, 0,

pserv-addr-us, servien-us) != n us)

printf("udp-smy :sendto ftp-withjio-usec-us error on socket \n");

1* get the second for file transfer without disk 1/0 *
n-us =recvfrom(*sockfd-us, ftp-without-io-sec-us, 34. 0, pserv_addrý_us, &servlen-Us);
if (nus < 0)

printf("udp-smy :ftp without-io-sec_us recvfrom error \n");

else

ftp~without iosecus[nus]=NY;

/* send the ftp-without-io-sec-us to server ~
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if (sendto(*sockfd~us, ftp-without-io-sec-us, n-us. 0.
pserv-addr-Us, serven-us) != n-us)

printf('udp-smy :sendto ftp~without_io-sec-us error on socket \n");

/* get the mirco second for file transfer without disk W/O
n-us=recvfrom(*sockfd-us, ftp-without-io-usec-us, -34, O.ps.-rv-addr-us, &scrvlen-us);
if (n-us < 0)

printf("udp-smy :ftp-without-io-usec_us recvfrom error\n"),

else

ftp...withiout io~usec~usjnjjsi=NO;

/* send the ftp-without~io-sec-us to server *
if (sendtoQ('sockfd -us, ftp-without-io-usec-us, n-us, 0.

pservaddr-us, servien-us) != n us)

printfQ'udp-sny : sendto, ftp-.without-io-usec-us error on socket \n");

1* get the file length for file transfer *
n-usre~cvfrom(*sockfd us, file-len-s-us, 34, O,pserv-addr-us, &servlen-us);
if (n.ys <0)

printf("udp-smy : file-len-s-us recvfroni error \n");

else

file_len-sus[n~us]=\SJ';

/* send the file-len-s-us to server ~
if (sendto(*sockfd-us, filejen s_ us, n~us, 0,pserv addr_us, servlen us) =n-us)

printf("udp~smy :sendto file-len_s_us error on socket'\n');

fpriritf(ftp info ýus,"\n%s %s %s %s, %s %s",
file-len-s-us,
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time-hour-us.
ftp~withjio-sec_us,
ftp-withjio-usec-us,
ftp-without_10_SecUS.
ftp~without-io-usec-ýus);

printf('\nM*** SUMMARY ***\,n~");
printfC"The transfered file length is : %s\,n'.fileIen~s~us);
time-hour-d-us=atol(time hour us);
printfQ'The file transfer time is : %s \n".ctime(&time_hourjd_us));
printfC'The sec for file transfer with disk 1/0 is : %s \n',ftp-with-io-sec-us);
printff'The mirco sec for file transfer with disk 1/0 is : %s n",tp-with-io-usec-us);
printf("h sec for file transfer without disk 1/0 is : %s Vi ",ftp-without_ios,,ec~us);
printf('The mirco sec for file transfer without disk 1/0 is: %sOn"Afp..without io-usec-us);

/* This procedure will generate the statistic report from
the Wie transfer simulation measurement data *1

statistic_ report()
I
FILE *ftp data.sr,
char cur path sr[2561 ,title sr[8 1];
char ftp data filename srf 451;
char serv-host-addr...sr[2561;
int simple nunisr~datawithoutjo-sr~cur-pathlen sr,
long time-hour-interval range sr
int chdir flagsr:

simple-num-sr=-O;
get-ftp-file-path(cur-pathsr.serv-hostaddr-sr.&chdir-flag~sr);
if (chdir-fag..sr != -1)

I
open~datajfile(&ftp-data -sr,ftp~data -filename sr);
if (strlen(ftp...data-filenarnesr) > 0)

set~simpleýnumand_time-hour-interval-range
(&siinplejinumsr,&time hour-interval-range~sr);
if (ftp-data-sr == ((FILE *)NULL))

chdir(cur-path~sr);
printff'!!! Can not open the %s file transfer simulation data file !!!n)
printfQ'!!! Please check the %s file transfer simulation data file !!!\n");
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else

check-file-format(ftp-data~sr,&data without-io-sr~title-sr);
while (!feof(ftpdAata~sr))

stat_data(ftp~data-sr~title-sr,serv host -addr_-sr,
data-without - o -sr~simple-num-sr.
time-hour-interval-range-sr);

fclose(ftpdata~sr);

else

printf("!!! Exit statistic data report function !!!Wnn");

chdir(cur-pJath-sr);

else

printf("!!! Can not get the current path H!!\n");
printf('!!! Please check the file path H!NnM,");

printff'!!! Please hit the <Enter> key to continue !! !\n");
getcharo;

struct intervals

long interval;
float counter,
struct intervals *next;

typedef struct intervals *intervals~ptr,

/* Stat~istics for the file transfer collection data *
stat-data(ftp-.data~sd,title -sd,serv host-addrýsd,data-without-io-sd.

simple-num..sd,time hour-interval-range-sd)

FILE *ftpdata sd;
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char *title-sd;
char *serv-host-addr-sd;
int data-without-io-sd;
int. sixnple-num-sd;
long timne-hourjinterval_runge-sd;

float sum I.ýwithjio-sd_, , n2_with_io_sd~sec-with_io_sd;,
float usec-with _io-sd,mean-with_io_sd,varwithio~sd;
float sum I-without-io-sd,sum2_without~iv _sd,sec_without-io-sd;
float usec-without io-sd~mean-without-io-sd,var-without-io-sd;
long time_hour-sd,max time hour sd,min-time-hour-sd;
long innt-time-hour -sd,last -time-hour-sud
long time-hour-intervaL-sd;
long time_hour_interval~begin -sd~time -hour -interval -end~sd;
long filecjength-sd,sum-filej-engthusd~avg-file-jength-sd:
float max-sec-with-io-sdimax_usec_withio-Sd;
float mm _sec-with-io-sd.min-usec_with_io-sd-
float max-sec-without-io-sd.max-usec-without -io-sd,

mm _sec-without_io_sd,min~usec_without~io~sd;
float rec_ýnuin_sd;
int simple-index-sd;
double s-diff-with-io-sd,s-diff-without io...sd;
intervals..ptr iLhead-with-io-sd,iLhead-without-io-sd,

i-ptirýwith-io-sd,i-ptr -without-io-sd,
ihead_timeý_hourý_sd,i~ptr-time-hour-sd;

Mntalz the variables ~
simple_index_sd=l;
sec-without-io-sd=-O.O;,
usec-without-io-sd=O.O;
sunil with io sd=O.O;.
sum2_with-io-sd=O.O;
max-sec-with-io-sd=-O.O;
max-usec-with-io-sd=O.O;
min_sec_with-io-sd=999999.O;
minusec-with-io-sd=999999.0;
sum 1_-without-io ..sd=O.O;
sum2_without-io-sd=-O.O;
max-sec-without-io-sd=O.O;
max-usec-without-io-sd=-O.O;
minsec-without-io-sd=999999.O;
minusec-without-io-sd=999999.O;
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rec-nuim~sd=O0.O;
mpax-time-hour-sd=O;
min_time_hourý_sd=999999999;
sum_filejengtlusd=O;
avg jile-length-sd=O;
_-head_with_io-sd=NUTLL;
_ -head -without-io-ýsd=NULL;
_-head-timne-hoursd=NULL;
L-ptr-with-io~sd=NULL;
Lptr-without~jo-sd=NULL;
i~ptr time-ýhour-sd=NULL;

while (!feof(ftp-data-sd) && (simple. jndex-.sd <= simple-num..sd))

if (data~without~io_sd == 0)

fscanf(ftp~data-sd,'N\n%ld %ld %f %V.
&fileIength..sd,
&time-hour-sd.
&sec-with-jo-_sd.
&usec-with-joSd);

else

fscanf(ftp-data~sd.'\,n%Id %Id %f %f %f %f',
&file-length-sd,&t~ime-hour sd,
&sec-with-io-sd,
&usec-with-io-sd,
&sec-without -io-sd.
&usec-without-io-sd);

/* To comput time intervals information with WITHDISK_10 data *

get-max-and-minintervaLtfime(sec-with_io-sd,usec ~with-io-sd.
&sum l-with-io...sd,&sum2_with-io-sd,
&max-sec_with_io-sd.&max-usec-with_io_sd,
&min-sec-with-io-sd,&min-usec-with-io-sd);

stat~time-interval((long) sec,_with-io_sd,&i-head-with-ioj.ýd);
if (data~without_io_sd == 1)

/* To compute intervals time information with WITHOUTDISK_10 data *
get-max-and-mm _interval~time(sec-withouLios-d,usec_without-io-sd.
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&sum I-without-io-sd,
&sum2_without-io-sd,
&max-sec-without-io-sd.
&max-usec-without-io-sd,
&min-sec-without-io-sd,
&min-usec-without-io-sd);

stat_time-interval((long) sec-without-io_sd.&i_head_without_io-sd);

sumufile-length sd=sum-filejlength sd+file-lengthsd;

/* To get the max and min time-hour for
the file transfer simulation time range */

get-max-and-minhourý_time(time~hourýsd,&min-time-hour-sdU.
&max-time-hour sd);

/* To get the initial hour time interval ~
if (simplejindex~sd =-- 1)

mnit~time-hour.-sd=time-hour..sd;

/* To get the last hour time interval ~
if (simnple-index_sd == sitnplejium~sd)

last-time-hourý-sd=time-hour -sd;

/* To compute hour time interval for file transfer simulation *
time-hour-interval sd=(time-hourý_sd-inittfime hour sd)/

time_hour_interval_rangesýd;
stat-time-interval(time _hour-_interval_sd,&i-head-time-hour sd);

/* To compute the number of file transfer simulation records *
rec-num-sd=rec-jnum-sd+l1.0;
simple-index-sd=simnple-index-sd+ 1;
I /* while (!feof(ftp..datasd)) */

mean-with-io-sd=sum I-With-io-sdrepnum~sd;
var-with -io sd=((rec-num sd*suln2_with-iosd)-

(sum 1 with-io-sd*suml1-with-io~sd))/
(rec-num~sd*(rec-num~sd- 1));

avg-jiileength-sd=sum file-length~sd/((long) rec-nunusd);
s-diff with_io_sd--sqrt((double) varwithjosdW);
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/* output the statistics result of
file transfer simulation measurement ~

printfQ"\.nM\n *****' File Transfer Simulation statistic report *** jMn)
printff'The address of server : %s\n",serv-host -addr-sd);
printf(C h file name is :%s'\n",tirlesd);
printfCkThe file length is :%ld bytes\,n",avgjdiejlength-sd);
printf("The sample number of record is -%3.Of\n".rec-numsd);
printf("The time hour interval range is : per %d ",(time-hour-interval-range~sd/6t )));
printf(7minutes \NVV);
printf("*** File transfer simulation time range ***\n\fl");
pnintf("File transfer start time: %s \n",ctime(&min-time -hour -sd));
printf("File transfer end time :%s \nifn",ctime(&max-time-hour-sd));

/* output the statistics result of time-hour interval *
iLptrjtime hour-sd=i_head_rime_hour-sd;
while (iLptrjtime-hour-sd != NULL)

time-hour-intervaL-begin_sd=iniit_time_hour-sd- i- ptrjtime_hour-sd->intervaJ*
time-hour-inrervljange~sd;

if (iptrrtime-hourý_sd->next != NULL)

time-hourý-interval-end-sd=init-time-hour-sd-i
(L~ptr time_hourjsd->interval+((long) 1))*
time-hour-inrerval-range-sd;

else

time_hour-interval-end_sd=Iast-time_hour-sd;

printf("The file transfer time hour interval begin :%s",
ctime(&time-hourý-interval-begink~sd));

printff The file transfer time hour interval end %"
ctime(&time-hourý-interval-.end sd));

printf("The percent in this time hour interval is : %2.2f"
(iLptrýime~hoursd->counter/rec_num__sd)* 100.0);

print~f('Nnr");
i-ptrý_time-hour sd=iLptr-time__hoursd->nexr;

free(ihead-time hour sd);
printf("*** File transfer with disk 1/0 ***1n4M");
printfc"he mean value is : %2.6f seconds \n",mean-withio-sd);
printfQ"The variance is :%f seconds \n',var-with-io-sd);
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printff"The standard deviation is %f seconds W.s-diff-withio-sd);
printf("he max FTP time is :%4.Of sec, %6.Of usec \n".

max-sec-withi-io-sd,max-useL.-with-io-sd);
printf("The min FTP time is :%4.Of sec, %6.Of usec \rM",

minsec-with-io-sd,min-usec-withio-sd);

/* output the statistics result of time interval with io ~
i-ptr with-io-sd=i-head-with-io-sd;,
while (i~ptr-Withio-sd != NULL)

printfQ"The file transfer time range from %3.01d seconds to %3.01d
i~ptrwithj io sd->interval,i_ptr with-io-sd->mnterval+((long) 1)),

printf("seconds is : %2.2f ".
(i~ptr with-io-sd->counter/rec nuwn-sd)* IW~O);

printf("percent \n");
i-ptr -with-io-sd=L-ptr-with-io-sd->next;

free(i head-with io-sd);

/* output the statistics result if the file transfer data file contains ~
if (data~without-io-sd == 1)

mean-wi thout-io_sd=sum 1 _without-io-sd/rec_nuni_sd;
var-without_io sd=((rec num-sd*sum2_withoutio-sd)-

(sum 1_without -io -sd*sum. 1_without-io-sd))/
rec-num sd*(rec-num-sd-i));

s_diff~without-io sd=sqrt((double) var-withoutio-sd);
n1rintfC'sn*** File transfer without disk 1/0 *4~\~)

printf('The mean value is %2.6f ".mean-without-io~sd);
printf(' seconds \N");
printff"'The variance is %f ",varwithoutjiosd);
printf(t"seconds \n");
printfC'The standard deviation is : %f ",s-diff-without-io~sd);
printf("seconds \,n");
printfC'The max file transfer time is : %4.Of sec, %6.Of usec \n",

maxSec-without-io-sd,max usec-without-io-sd);
printf("The min file transfer time is: %4.Of sec, %6.Of usec \nrn',

mm _sec-without_io_sd.min-usec-without-io sd);

/* output the statistics result of time interval without io ~
i-ptr-without-io-sd=i-head-withoutio-sd;
while (iLptr without-io-sd != NULL)
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printfC'The file transfer time range from %3.Old seconds to %,3.01d
i~ptr without-io-sd->interval.
L~pt~r.withoutjio--sd->i nterval +((long) 1)),

printf("seconds is :%2.2f ".(L~ptr-without-io-sd->counter/rec_num-sd)* 1W.1();
printff' percent Vz")-;
iptr-Without-io-sd=i-ptr-without-io-sd->next;

free(iLhead-without-jo-sd);

printfCVM ** End of file transfer simulation data statistics function

set-simple-num-and-time-hour-intervarange(simple~num~set.
time-hour-interval-range-.set)

mnt *simple-num-set;
long *tjme-hour-interval-range-set;

int simple-numstemp-set;
long time-hour-interval-range-temp-set;

-unple-num-temp-set=0O;
while (simple~numjtemp~set < 10)

/* Input how many file transfer samples which we want to compute *
printf('\n*** How many file transfer sa~mples( 10-) will be used in one )

printfC'statistics ==> Nn");
scanf("%d".&simple~numjtemp~set);
if (simnple num tempset < 10)

printf(!!! file transfer simple nurnoererroi !!.!\n");l
printf("!!! It must be greater than 10 !! Nn");

*simple-num-set=simple-num-temp~set;
time-hour-interval-range-temp-set=O;
while (time~hour interval-range-temp-set < 10)
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/* Input the time hour interval range which we want to compute *
printff"\n*** How many minutes(l0-) do you want to be a )
printt'('time hour interval range ==> Nn");
scanfQ' %ld" .&time-hour-interval-range-temp-set);
if (time_hour-interval-range-temp-set < 10)

printf("!!! File transfer time hour interval ranage error !!!\n");
printfC"!!! It must be greater than 10 !! !\n");

*time-hour-inte rval-,ange-set=timne hour-interv al -rangej-em p-set *( (tong) 60),

get-ftp-file-path(cur-patgcp.servhost-addrg-cp,chdi r-flag-gcp)

char *cur-path-gcp;
char *serv-host-addr-gcp;
int *chdir-flag-gcp;

int tryagain-gcp,cur-paihlen-gcp~inaddr-gcp;
struct hostent *diijny-ptr-gcp;

/* this is a dummy variable for the
convert-host-name-to-address
procedure ir this procedure. ~

/* To keep the current file path *
*chdirnfag~gcp-o;
try-again-gcp= 1;
if (getcwd(cur...patfr..gcp,255) = NULL)

printf('\n !!! Can not get the current directory !!\n");

cur-pathlen..gcp=strlen(cur-path gcp);
cur path~gcpfcur path Ien..gcpi=4'
printfC(nn *** Please input the server address (name, alias) ==>> \n);
scanfC"%s',serv-host-addr..gcp);
if ((inaddr-gcp = inet-addr(serv-host-addr-gcp)) == INADDRNONE)

convert-host-name-to-address(servjiost-addr-gcp.&dunumy-ptr-..gcp);
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else

Iconvert-hostik d ress-inform ation(se rv -host_ add rgcp. &d urnimy-p t rgcp);

if (strlen(serv host...addr~gcp) > 0)

*chdirýflag-gcp~chdjir(serv-host-adldr-gcp);

else

*chdir-fag-gcp=- 1;

while ((*chdir-flag~gcp 1=-) && try-again-gcp < 4)

printf('\n !!! Can not change subdirectory to %s !!! Nn'serv-host_addr-gcp);
printf("N\ni ** Please input the server address again ==>> W');
scanf('"%s' t,serv host-addr~gcp);

if ((inaddr-gcp = inet-addr(serv- host addr~gcp)) == INADDR_NONE)
convert host-name_to address(serv host-addr-gcp,&dummy-ptr-gcp);

else

convert-host-address informaton(servhost-addr-gcp,
&dumrny-ptr-gcp);

if (strlen(serv host-addr-gcp) > 0)

*chdjr-flaggcp~chdjr(serv-host-addr-.gcp);
serv-host-addr-gcp~strlen(servhost~addr__gcp) ]=iY;

else

*chdir-flag-gcp. I;,
serv-host-addr-gcp[O]=ViY;
I

try-again-gcp=try~agajn-gcp+ I;
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typedef FILE *flle-ptg.

open..datajfile(ftp data-odf~ftp-data filename-odf)

file-ptr *ftp-data-odf;
char *ftp-datajjlenamfe-odf-;

int try-againsodf;,
char dummy-file...size odfl7J;

dummy-file~size-odflO]=NO';
try-again-odf= 1;
printftfl!! Please wait a second for the FTP data file listing!!
systemf "Is -1 *'Y" > flie.tmp");
file-selection(ftp data-filename-odf.dummy-file-size.-odf,2);
if (strlen(ftp-data-filename_of) > 0)

1* open the file transfer data file ~
if ((*ftp data cxlf=fopen(ftp -data-filename odf,"r")) == NUTLL)

fciose(*ftp data -odf);
while ((*ftp data~odf=fopen(ftp~data-filename-odf."r")) == NULL &&

try~again-odf < 3)

fclose(*ftpJlata-Odf);
tyagain-.odf=try-again -odf+ 1;

printf("Can not open the file %s !!! Nn"Afp-data~filename-odf);
pfllflf("*** Please input the data file name again ===> \n");
scanfQ"%s".ftpdata-filenamne-odf);
getcharo;

check-file-form qt(ftp~datascff,data~without-io-cff~titlcecff)

FILE *ftp data cff;
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jnt *datawithout-io-cff;
char *title-.cff.

char recorc-bufl 8 11
int record-buf-tength,record-buf-index~space-ctr.

/* To check the file format
which include the without disk io data or not ~

fgets(record~buf,S 1 .ftpjlat4_sff);
fgets(recordtbuf,8 I .ftpdAatascff),
record~bufjength=strlen(record~buf);
record-buf-index=O;
space-ctr=-O;
for (O~record-buf~index <= record_bufjlength;record-buf-index-.-.)

if (record-bufirecord_buf index]

I

if (space ctr >4)

*data-without~io-cff= 1;

else

*data~without io-cff=O;

fseek(ftp-data cff,OL,O);
fscanif(ftpiatascff$'%s\n',titlesf);

get-max-and -mininterval_diie(sec,usec,swm 1 ,sum2,niax sec,max-usec,
minsecminjinsec)

float sec,usec;
float *'sum I ,*sum2,*max sec,*max usec,*rnin~sec, *min-usec;
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/* To compute the sum of second, u-second and file length *
*sum~ 1=*sum 1+sec+(usec/I000000.0);
*sw2=*sum2+(sec+(usec/1 000000.0))*(sec+(usec-/1000000.0));

/* To get the max second and u-second for file transfer simulation ~
if (sec > *maxsec)

Imsc~e
*mausec=usec;

else

if (sec == *max-sec && usec > *max-usec)

*max-usec=usec;

/* To get the min second and u-second for file transfer simulation *
if (sec < *min__sec)

*Inscsc
*min-usec=usec;

else

if (sec == *min-sec && usec < *min-usec)

*mifl_usec--usec;

get-max_and-mm _hour-time(timnehour~g mintime-hour-g,max time_hour~g)

long timejiourig;
long *minjtime-hour~g;
long *max_time~hour~g;
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/* To get the max hourjtime for file transfer simulation *
if (time~hour~g> *max~dme~hour~g)

*ma)xtime-hour-g=timehfo~ir..g;

1* To get the min hourý_time for FTP *
if (time-hour-g < *mjn-time~hour-g)

*min_time~hour-g=time-hour-g;

stat-time-interval(interval~i~head)

long interval;

int new-node,end-queue;
intervals-ptr i-ptr~inew,i-p-ptricpptr~ip;

/* check the interval of file transfer data ~
iptr--*Lhead;
new -node=0;
if (*j head == NULL)

i_new=(struct intervals *)malloc(sizeof(strct intervals));
_-new->interval=intrerval;
inew->counter-- 1.0;
_necw->next=-NULL;
*i-head=i-new;
newjiode=1;

else

while (iLptr->interval != interval && new-node =0)

if (iLptr->next ==NULL)

202



i-new=(struct intervals *)malloc(sjzeof(struct intervals));
_-new->interval=interval;
inew->counter--l.O;
inew->next=NULL;

/* insert new interval according to ascending *
if (iLnew->interval < (*i_head)->intervai)

inew->next=*i-head;
*i-head=i new;

else

if ((*j head)->next == NULL)

(*i head)->nexti--inew;

else

i-cj'tr--(*i~ead)->next;
-p-ptr--*ihea-d;

end~queue=-O;
while (Lc-ptr->interval < i-new->interval && end_queue =)

I
i-ppt-i-c-Ptr,
if (i c~ptr->next != NULL)

-c-ptr--ic-ptr->next;

else
I
end-queue= 1;

if (end-queue != 1)

i_new->next=ic~ptr,
-p-ptr->next=i-new;

else

-p-ptr->next--i-new;
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I

else

i-ptr--iptr->next;

if (new-node ==0)

iptr->counter--i~ptr->counter+ 1.0;,

1/* end of interval check *

/* Subtract 2 timeval structs out=out-in.
Out is assumed tobe >= in. *

tvsub(out~ts,in-ts)

register struct timeval *out-ts,*injts;

f
if ((out_ts->tv-usec -= in-ts->tv-usec) < 0)

out-ts->tv-sec--;
out-ts->tv-usec += 1000000;

outjts->tvsec -= in-ts->tv-sec;

/* Add 2 timeval structs: out=out+in. ~

tvadd(out-ta,in-ta)

register struct timeval *out-ta,*inta;

if ((out_ta->tv_usec +-- io_ta->tv-usec) >= 1000000)
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I
outta->tvsec++;
out~ta->tvusec -= 1000000;

outta->tv_sec += in ta->tv_sec;

/* This procedure will provide some utilities for users to manage
the file transfer data files and file transfer information file */

fileutility()

int optjun_fu;
int continue-flagjfu,exitjflagjfu;

exitflagjfu=0;
while (optfunfu < 1 II optfun_f > 4 I1 exit flagfu =0)

{
continue flagfu= 1;
optjfun fu=display-file-utility-menuo;
switch (opt_funjfu)
{
case 1

while (continue_flag_fu == 1)
f
deletefilesandsubdirectoryo;
printf("==>> Do you want to delete another file ");
printf("transfer simulation server's data (Y/N) ?W");
continue-flagjfu=confirm continueo;
I

break;

case 2 :

while (continue flag-fu -= 1)
{
maintain-ftpfileO;
printf("==>> Do you want to add/delete another transferred file (Y/N) ?W');
continue-flag_fu=confirrm continueo;
I

break;

case 3:
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printfQ'\n Do you really warnt to exit ? (YIN) )

exit..flag-fu=confirm-continue().
break;

default:
printf(\n Function selection is error, please check it !!\n");
break;

1* To display the menu of file utility *
int displayjfle-utility-menu()

int opt~fun_dfwn;

printf('\n\nrn <<<<< File Utility Menu >>>> \zn');
printf(" 1. Delete one server's file transfer )

printf("simulation data \n");
prjfltf(" (Delete files & subdirectory) \Nzn);
printf('t  2. Maintain FTP files \Njn);
printfC' 3. Exit \nrnn");
printf(" Please select one function (1-3) ==>>;
scanf('%d",&opt~fun_df~um);
getcharo;
printfCWn);
return optjutn...dum;

/* To delete all files in the selected subdirectory
which is named by the server's address

delete-files-and--subdirectoryO

int tryagainjifs~cur-path-len-dfs;
unsigned long inaddrjlfs;
char serv_host~addrý_fs[255],cur~pathjlfs[2551;
char nn_subdirectorysin&.dfs[2551;
int confinn...flag.Afs;
struct hostent *dummy-ptr...fs;
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/* this is a dummy variable for the
convert-host-address-information procedure
in this procedure. *

ry-again-dfs=O;
confirm-flagdffs=O;
serv-host_addr-dfsfOI=V)';
printf(" *** Do you want to list server's address => (YIN) )
confirzm - agjlfs--confirm jcontinueG);
if (confirm -flag dfs =1

system("ls -la '~~~"I more");
printf("\nn!!! Please hit any key to continue !!! \n");

while (strlen(serv-host~addr-dfs) == 0 && tryagain-dfs <=3)

printf('\n*** Please input the internet address of server ==> \n");
scanf("%s",serv-host-addr-dfs);
getcharo;
printf('Nn");
if ((inaddr dfs = inet addr(serv..hJost-addr dfs)) = INADDRNONE)

convert~host-namne-to-address(serv-host-addr-dfs);

else

convert-host~address-informnation(serv_host-addrdfs,&dummy-ptrýdfs);

if (strlen(serv host_addr-dfs) > 0)

printf("!!! Do you really want to delete %s server's");
printf("? file transfer simulation data H !r.n",serv_host addr dfs);.
printf("=»> (YIN) )

conflinn-flag-dfs--confirm-continueo;
if (confirm-flag dfs == 1)

if (getcwd(cur...path..dfs,255) == NULL)

printf("\n !!! Can not get the current directory N! n");

else

chdir(serv-ýhost-addr-dfs);
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system("rrn *.*MBfl);
cur..pathjlen dfs=strlen(curý_pathludfs);
cur -pa h -dfs~cur path len dfsl=NY;
chdix(cur-pathjifs);
strcpy(rm-subdirectory-smn-dfs,'rmndir )
strcat(rm -subdirectory~cmd-dfs~serv~host~addr-dfs);
system(rmisubdirectoryscmd-dfs);
printf("!!! %s server's file transfer simulation data has")
printfQ'been deleted !!!\nVn,serv_host-addr-dfs);

else

printff'!!! %s server's file transfer simulation data is not ",sery..host-addr-dfs);
printfC' deleted H Nn.n");

I

printfC"!!! Server host name(address) input error !!.I)
printf("!!! Please check the name or address H N !n");

tryagain...dfs=tryagain..dfs+ 1;

1* maintain(add or delete) the transferred files *
maintain ftp~file()

FILE *ftp-file..mff;
char curpath~mff[256J,ftp ile-path-mfff256];
int optfun-jnff;

optjunjnmff=-O;
cur-pathmff[O1=NU;
ftp-file-pathjnfflOl=W;
while (optjfun-mff < 111I opt_fun_mnff > 3)

printf('\nM\nz <<<<< File Transfer -
printf('File Maintenance Utility »>> >\nzn);
printff' 1. Add a transferred file VnWn);
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printf(" 2. Delete a transferred file \nMn):,
printf(" 3. Exit Iq\n~"n);
printfQ" Please select one function (1- 3)= » )

scan~fC'%d" .&optjfun~mffO
getcharo;
printf(An");,
if (optjfun...mff < 1ll optjfun~mff > 3)

printff"!!! Transferred File Maintain function selection is error !!!r\n");

if (op-tfun-mff != 3)

if (getc~wd(cur~path~mff,25S) == NULL)
I
printf(Nni !!! Can not get the current directory N! n");,

else

strcat(ftpf -pathmrrff~cur-path-mffO;
strcat(ftp-file-pathkmff,"/ftp-fi let );
if (chdirftpfile..paIhjnff) == -1)

pnintf('\n !!! Can not change the %s subdirectory !! \a" ,ftpjf1e-pathjnff);
printf C'!!! Please check the %s subdirectory W!);

else

switch(optjfun~mff)

case I
add ftpjilleo;
break;

case 2 :
delete ftp~fileO);
break*.

default :
break;,

chdir(cur~patWhjnff);
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else

printff'\n!!! Exit File Transfer - File Maintenance Utility !!!VNW):

/* Add the FTP files to the -Iftp-jile subdirectory *
add-ftp jile()

FILE *ftp-file-aff,
char ftp~file~name~affT 171,file_size-s-aft! 34];
char char-aff;
int file-size-uniit-aff~file-size-aff;
int loop Iaff,loop2-aff~confirm-flag-.aff;

file-size-unit-aff=O;
file -size -af f=O;
ftp-file-namne-afflO]=NCY;
char-aff='a;,
getjfile...paramneter(&file~..size -unit -aff.&file-size_aff~ftp file-namne-aft);
printf("\,n*** Do you really want to add this transferred )
printfC"%s file *** \,n',ftp-file_namne_aff);
printf('===»> (YIN) ");
confirmnflag-aff=confinn-continueO;
if (confirnnfag...aff== 1)

printfC'!!! %s file add is proceeding ! !!\,n" .ftp-file-name-Aft);
ftpjitle aff=fopen(ftpjfileýnamne-aff,sw 93;
while (file size~aff > 0)

if (file size unit..aff == 1)

for (loop 1I aff4);loop I-aff< l024;loop Laff-t-i)

fprit(ftpj tle-aff,'%c',charýaff);

else
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for (loop Iaff=-O:Ioop I aff< 1024;Iloop I aff++)

for (loop2 aff=O;loop2-aff< 1024;loop2..aff++)

fprintf(ftp-j e-aff, "%c".char-afO);

file-size-aff--;

fclose(ftp~filejtff);
printf(!'! %s is added !!!NN-iAftpile...nazne.aff),

else

print~f("! " %s is not added & exit ! ! M\",ftp file-namne-aft);

/* Delete the transferred files from the -/ftp-file subdirectory *
delete_ftp fileo

char ftp-file~namne -dffl 171.delete_file-cm~dffI2OI;
char dummy-.file-size-dfq 1];
int confirm flag dff-,
int file-size-wunit-dffflile-size dff;

fiplfile-namne_dffIOJ=WO;
delete_file_ýcmd-dfffO]=NIY;
printfC(\&1*** File transfer data file listing ***\n\n");
system("ls -1 ftp...file.*MB > file.tznp");
system("ls -1 ftp-file.*KB»> file.tmnp");
file-selection(ftp-file-namnejiff,dummyjfile-size-dff,2);
if (strlen(ftp~file-naxnejiff) > 0)

printf(\Nn*** Do you really want to delete this file )

printf("transfer data file : %s ===> (Y/N) ",ftp~file_namne-dft);
confi rm-fag-dff=confirn ncontinueo;
if (confirm-flag.Aff = 1)

strcpy(delets _fiie-cmd-dff,"rrn")
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strcat(delete file-cmd-dff~ftp-file-nane-dff');
system(delete-file-cmd..dff);
printfQ"!!! %s file transfer data tile has been deleted !!H\n".ftp-file-namc-dff);

else

print~f('!!! %s file transfer data file is not deleted !!r\n",ftp-file~namejlff);

else

printfQ'!!! Exit file transfer data file deletion function !!!\,n")-,

/* Get the file name, file size unit and file size
for adding file ot deleting file

get-file-paramneter(file-size-unit-gfp~file-size gfp,ftp-fi le-namne~fp)

mnt *file-size-unic-gfp;
int *file-size-gfp;
char *ftp-file-name-gfp;

char file size s-gfp[341;
int opt-jufgfp;

while (*file size unitgp He i l*i size..unit..f>2

printfC ** Please input the size unit )
printf("of the ftp file ***j\njn);

printfQ' 2. Mbytes \njn");
printf(C Please select one function (1 12) ==> )

scanf(C%d' .&opt-buffp);
getcharo;
printf('Nn");
*file-size -unit-gfp=opt-buf efp;
if (*file-sueC-unit...gfp < 1 11 *file-size-unit-gfp > 2)

printf("!!! The file size unit selection is error !\N Nm'D;
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while (*file-size-gfp <= 0)

if (*file sz_unit~gfp -- 1

printfC'*** Many Kbytes do you want to process ==> ~
scanf("%d",&optbhuf-gfp);
getcharo;
*file-size-gfp=opt-buf...gfp;

else

printf('*** Many Mbytes do you want to create = ')

scanfQ' %d" ,&opt-buf-gfp);
getcharQ;
*file-siicgfp~opt~bufgfp;
printf(W'T);

sprintf(file-size...s.gfp,"%d",opt buf-gfp);
strcat(ftp-file-namnegfp,"ftpfilej);
strcta(ftp-file namegpHie size sgfp);
if (*file -size -uniitgfj = 1)

strcat(ftp-file-naxne.gfp,"KB');

else

strcat(ftp~file-naine-gfp,"MB");

ftp fle-narme-gfp~strden(ftp file,-name-gfp)j=MYO;

/* This procedure will execute the network profile queries,
users can use the network profile to query the network
hosts' status.

network-.profille-query(argc-npq,argvripq)

int argc-npq;
char *argv-npq;
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int opt-fun-npq,exit-tlag-ipq;
char cur...patl-npq[256 J,networkprotile-pathinpq[2561;
FILE *temp-out npq;

optjfun~npq=O;
exit-flag-npq=O;
while ((optjuzunnpq < 1) 11 (optjfunjipq > 4) It (exitjflag-npq =0))

cur~path~npq[O]=NtY';
networkprofile-pathnpqtjO=V'O;
optjun-npq--display-profile~query~menuo;
if (opt-funnpq < 1 11 opftjun.npq > 4)

pnintf('!! network profile query function selection is error H !MD;

else

switch(opcfiirt-npq)

case 1
get-networkprHiepahcuptnpq~networkproiepath...npq. I);
if (stren(cur-pa i...npq) >= 1 && strlen(network-pwfile-path-npq) >= 1)

profile~reachabilitytesto;
if (chdir(cur..patl-npq) =-1)

printfC"n!!! Can not return to %s subdirectory ! iNWn.cur-path-npq);

else

printfC"\n !!! Please check the current )
printfC'directory !!! \n");
I

break;

case 2 :
profilejtrafficjjuery(argc...npq,argvjipq);
break;

case 3:
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profile-trafficrating.query(argc-npq,argv-npq);
break;

case 4:
printf("Nn Do you really want to exit ? (Y/N) ");
exit flag_npq=confirmcontinueo;
break;

default :
printf("\n!!! Network profile query function selection is error !!n");
break;

/* This function will display the network profile query menu,
let users select the network profile query function */

int display.profile-query-menu0

int optfun dpqm;

printf('%nMn\n <<<<< Network Profile Query");
printf(" >>>>> \njn");
printf(" 1. Reachability Test \nWn");
printf(" 2. Traffic Statistics \njn");
printf(" 3. Network Node Traffic Status Rating \nWn");
printf(" 4. Exit \nM\n");
printf(" Please select one function (1-4) --==>> ");
scanf("%d",&optfundpqm);
getchar0;
printf('Nn");
return optjfun-dpqm;

/* This procedure will read the network nodes from the network
profile as the 'ping' unix command input data.
The users can get the reachabilities of the network nodes
in the network profile */
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profile-reachability-test()

char pingcmd-prt[2561,nietwork -node_prt[2561;,
char network profile name_pr4[451;
FILE *networkprofile-prt
int confiff-lagprt~continue-flag-pi¶;
char dummy-file-no-prt[ I J; /* This dummy variable for the

getjietwork-profile procedure
in this procedure

continue_11fag~prt-- 1;
network-profile-namecprt[O]=\O'.
while (continue-ýflag~prt ==1)

I
get-networkproflle(networkprofile-name-prtdummy-file-no-prt. 1,

&confirm-fag-prt);
networkprofile...prt=fopen(network..profile nane~prt,'r');
if (confirmn_flag~pr == 1)

prinf('"Jl*** Reachability Report ***\An\n");
while (!feof(network~profile~prt))

ping-cm~dprt[Oj=NO';
network..node-prt[O]=V'LJ
fscanf(network-proftle-prt,'%s",network-rnode prt);
if (strlen(network node~prt) > 0)

strcpy(pingscmdprt,"ping )
strcat(ping-cmd ,network.nder)

system (ping-cmd-r

fclose(network~profile...prt);
printf(N\i*** Do you want to query another network profile (YIN) )
continue-fag i~c nn m..continueo;

/* This procedure will display the network profiles,
the users can select one of them as the input
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data file as the network profile query *
get-network-pofile(network-profile-naine-gnp~file-no-gnp,procid-gnp,

confirm jlag-grp)

char *network profile .name~gnp;
char *fileynognp;
int proc-idgnp;
int *conflfjj.flag-.gnp;

char dummy-file-size-gnpf I I ,network-node..gnp[2561;
FILE *tinp-profile-gnp;

*confilm~flag~gnp=O;
system("ls -1 * > file.trp");
printf(N\n*** Network profile listing **i*fl\f");
if (proc d~gnp ==0)
I
file_selection(networpmfie namnegn Hmie sizegnp2);

else
I
if (procjidgnp == 1)

file-selection(network~profile name-gnp,file..no-gnp,3);

if (strlen(network~profile-naine~gnp) > 0)
I
printf(Fýn*** Do you want to browse the content of this")
printf("network profile: %s (YIN) ",network-profile-nane-gnp);
*cornfir-lag ypo i~frm continueo;
if (*copnfirmiiflag..gnp = 1)

tmp-profile-gnp=fopen(network-profile name-gnp," r');
browse-network ~oile(tnippfIen)
fclose(tinp~profile...gnp);

printf("*** Do you really want to use this network )

printfQ'profile : %s ===> (YIN) '".network-profile-nanie-gnp);
*confiryn-flag-gn~p=cornfirm continueG;

else
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*conjfirmflag..gnp=O;,

/* This procedure will display the content of the network
profile which is specified by the users *

browse_ýnetwork_profile(network-profileibnp)

FILE *network-profile-bnp;

char rec-bufbnp[2561;

while (!feof(networkjprofile~bnp))

rec-buftbnp[OI&'NO;
fgets(rec-bufbnp,255,network..profile-bnp);
if (strien(rec-butbnip) > 0)

prinfC'%s",rec-bufbnp);

printf("\xV);

/* This procedure will provide the real time network traffic query.
long term network traffic monitoring and long term network
traffic statistic report *

profile-taffic-query(argc-ptq,argv-ptq)

int argc...ptq;
char *argv-ptq;

f
char cur-pathrptq[256l;
char long--terin.sraffic info -file -name-ptq[451;
char traffic..stat.path-ptq[2561;
int profile network-node-ýno-ptq;
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int opt-funiptq,exit-flag-ptq,confirm-jlag-ptq;

opt-fun-ptq=-O;
exit-flag-ptq=O;
while ((optjfun-ptq < 1) 11 (opt~fun~ptq > 4) 11 (exitjflag-ptq == 0))

opt-fun-ptq=displayj-raffic-query-menuo;
if (opLfun-ptq < 111I optjunmptq > 4)

printf("!!! network profile traffic query function selection is error N! W'n);

else

switch(opt~fun..ptq)

case 1:
profile..traffic -statistics(argc..ptq,argv-pta);
break;

case 2 :
unix_shell~generation and_!execution(1);
break;

case 3 :
long-term-traffic-info-file-nanie~ptq[OJ='O';
profilejietwork-node-no-.ptq=O;
get-profile network_node_info(&profile network_node-no-ptq,

long-termitraffic-infojfile-name-ptq, 1);
curi-path-ptq[OI='\L;
traffic-stat-path..jnq[O]='\O,
getnetwork-pofile-path(cur-jpath-ptq,traffic stat-patl-ptq.2);
if (strien(curý_path~ptq) >-- I && strlen(traffic_stat~path~ptq) >=1)

profilej-ong-term traffic-statistic-report(pmofilejinetwork node-rio-ptq.
longjermntraffic-info-file-namne..piq)-

if (chdi r(curý-patW..ptq) =-1)

printfQ"\n!!! Can not return to %s subdirectory H!!\nfn',
cur-path-ptg);

else
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if (strlen(cur_.path_ptq) > 0)

if (chdir(curpath ptq) = -1)
I
printf("\n!!! Can not return to %s subdirectory !!.\nrM".

cur path-ptq);

printf("\n !!! Please check the current directory !!! )
I

break;

case 4 :
printf('\n Do you really want to exit ? (Y/N) ");

exitflag-ptq=confirmcontinueO;
break;

default :
printf('Nn!!! Network profile traffic query function selection is error !T! .n");
break;

}

/* This procedure will display the network traffic query menu */
int displaytraffic-query-menu0

int optjfun.dtqm;

printf('\nWn ***** Network Traffic Query Mode Selection");

printt(" *****\n\jn");
printf(" 1. real time network traffic query.\n'M");
printf'(" 2. long term network traffic monitoringM, ');
printf(" 3. long term network traffic statistic report\nn");
printf(" 4. Exit \nj "');
printf(" Please select one function (1-4) ==>> ");

scanf("%d",&opt_fMndtqm);
getcharo;
printf("\n");
return optjfunidtqm;
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/* This procedure allow users input the parameters for the
'long term traffic status mon~itoring' and the 'long term
network node rating monitoring' in the interactive mode.
It will generate the unix shell command file according to
the parameters which is input by the users. The unix shell
command file will be executed automatically in unix
background mode *

unix-sheillgeneration and_execution(procidj.ýisgae)

int procjidusgae;

char trafficjogjfile name-usgael45];
char network~profile-name_usgae(45J;
cha~r unix_shell -cmd~usgae[256];
char nikdir-cmd-usgae[256];
char chmo&..cmd...usgae[2561;
char nnscmdjisgaef 25 6];
char log yaffic-shellusgae[2561;
char traffic staath~usgae[256J;
char traffic-rating-path-usgae[25 6];
char cur...pathjisgae[2561;
char network-prfilepath-usgaef2561;
char logging-path-usgaef25 61;
char total mneasuernent-times_s_usgar{ 341;
char per measurementpexriods-usgae[341;
char perý-sampling-number...s~usgae[341;
char packet size-sjipsgae[341;
char file-nojisgae[34];
char long..jerm...traffic -info-file -name_ýusgae[451;
int opt-fun-usgae,exit flag-usgae,confinnmflagu4sgae;
int create-file-flag...usgae,profile -network_nodeý_nojisgae;
int contigue-processjflag-usgae;
FILE *unix-Shell-file-usgae,*temp~out~usgae;

cur-path-usgaefO1=NO';
network-profile-path~usgae[O]=\O',
network-profile -name-usgae[OJ=V'\O
traffiCstat~pzth-usgaejO)=VO;
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get-network-poflle-pab(cur-pathusgae,network~profile-path-usgae, 1);
if (strlen(curpath-usgae) >= I && strien(network-profile-path-usgae) >= 1)

get-network~profile(network-profile-name -usgae,file-nojisgae, 1.
&confirm-njlag-usgae);

network..profile -name_ýusgae[strlen(network~profile nane-usgae)]=J';)'
if (chdir(cwxlpath-usgae) == -111 confirm-.flag-usgae 1)

if (chdi (cur..path~usgae) == -1I)

printfC"\n!!! Can not return to %s subdirectory H %M'"n",cur-path-Ausgae),
print~f("!!! Please check it !!N\n");

else
I
curpathusgae[O]=NLY;
if (procjid-usgae == 1)

traffic-sta~tpatl-_usgae[O1=VO';
get-network-profile-path(cur-path-usgae,trafflc~stat~path~usgae,2);
strcpy(uniix shell_cmd-usgae,traffic-stat-path-usgae);
I

else

if (procjidjzsgae == 2)

traffic-rating~pathuusgae[OI=VY;
get~networkpofile-path(cur-pathusgae,traffic-rating-path-usgae.3);
strcpy(unix shell-cmd~usgae,traffic rAting~path-Usgae);

if (proc -d..usgae == 1)

if (strlen(curý_path..usgae) >= I && strlen(traffic-statpath-usgae) >= 1)

contigue-process-flag-usgae-- 1;

else

contigue-process-flag-usgae=O;
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if (procj&.-usgae == 2)

if (strlen(cur.--patW..usgae) >= I && strien(traffic-rating-path-usgae) >= 1)

contlgue-process-flag-usgae= 1;

else

contigue-process flag-usgae=-O;

if (contigue-processflag-jisgae - 1)

get-traffic-monitoring information(networkprfile~namcýusgae,
traffic_logjfile~naxnejzsgae.
total-measuement-times-s-.usgae.
perjneasurement-period-sjisgae.
packet-size-s-usgae,
per -sainpling-nwnber-s-usgae,
&Create-filejliag-usgae);

if (pwoc-d-usgae =- 1)

strcpy(logging-pathusgae,tafflc-staLpatihusgae);
strcat(logging-pati--usgaet');
strcat(logging~pathuusgae,network-Profilejnane-usgae);

else

if (procjidusgae == 2)

stcpy(logging~pth.usgae~trfficjrating~pathusgae);
strct(logging-path-usgae,"r');
strct(Ioggigpax l-usgae,network~profile name-usgae);

mkdir-cmdusgae[O]=NO';
strcpy(mkdirscmd-usgae,' t mkdir )
strcat(mkdirý_md~usgae~networkprofile-nane-usgae);
mkdir-cmdjzsgae[strien(mnkdircmd~usgae)J='NI;
systcm(mkdir crnd-usgae);
strcpy(Iog-traffic-shell -usgae,Iogging..patffiusgae);
strcai(log...traffic shell-usgae,'/.Iog-traffic-shel.bai t");
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log-traffic-Shell-usgae[strien(log-traffic-shelt-usgae)I=

unix-shell-filejisgae=
fopen(log-traffic-shell-usgae,"w");
fprintf(untix shell-fileusgae,"#! /bin/csh\n");
fprintf(unix-shell-file...usgae, "set index =In)
if (createjfile~flag.usgae, == 1)
I
if (procjd~usgae == 1)

1'printf(unix -shellifile -usgae,"rm %s/P,traffic _stat-path usgae);
fprintf(unix shell_file-usgae,"%s\n",trafficj- og file -name~usgar);
fprintf(unix shelljfileuxsgae, "date >& %s/".tryffic-stat-.path-.usgae);

else

if (procj- d-usgae == 2)

frntf(unix-shell-file~usgae,"rm %s/",traffic-ratinpath-usgae);
fprintf(unix~shell-filejisgae,'%s\,n',trafficj~ogjile name-ýusgae);

frntf(ni xs5hell-file-usgae, "date >& %sW,traffic-rating-path-usgae);

fjprintf(unix -shell-file-usgae,%s\n'.trafficjlog-file-ýniame-usgae);

fpnintffunix shell-fileusgae, "while ($index <= )

fprintf(unix shell-filejipsgae,"%s)\n" ,tota mpeasuement-times_s-Usgae);
if (proc-idusgae == 1)

fprixflf(unix shell-file-usgae, "date» %sPW'traffic_ stat padthusgae);

else

if (procjidusgae == 2)

fprintf(unix shelljfile-usgae,"date»> %sf',trtfic-rating~path-usgae);

fprintf(uniix shell-file_..usgae,"%s\n",trafficilogjtle-namnejigae);
fprintf(unix-shell-filejiusgae,'%sf',cur~path..usgae);
fprintf(unix shell_fileusgae,"ftp-cli3 %s >& %s/dwnmny.out c<<+\n",

logging-patfr-usgae.loggingpath-usgae);
fprintf(unix shell-fileu.sgae,"ZWn);
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fpnintf(unix shell_file_usgae."Y\n");
if (procjidusgae == 1)

fpritf(u~iix shell-filejasgae,"2Nn");

else

if (proc-id.usgae == 2)

fprintf(unix shell-flle-usgae,"3\n");

fprintf(unix-shell_file-usgae,' iVn");
fprintf(unix -shell-file-usgae'"%s\,n",file-no-Usgae);
fprintf(unix shell_file...usgae,'n\,n");
fprintf(unix shell-file_usgae,"Y\n");
fpriiflf(unix shell-file-usgae,"%s\,n",paeket size...s..usgae);
fpruntf(unix shell_fileujsgae.'%s\,n" ,per-sam~pling~number-susgae);
if (proc-idusgae == 1)

fprintf(unix shell_filejisgae,'n\n');

fprintf(uniýx shell-file...usgae,"n\n");
fprintf(unix _shell_file-usgaeP4\",f);
fprintf(unix shell_file-usgae,"Y~n");
fprintf(unix shell-file-usgae,"4\n");
fprintf(unix shell-file-usgae,"Y~n");
fprintf(uniix-shell-file-usgae,"4Nn");
fprintf(unix shell_file_usgae."Y\n");
fprintf(unix-shell-file-usgae."\n");
fprintf(unix-shell-file-usgae,".An");
if (procjidjisgae == 1)

fprint~f(unix s.hetllfile-..qsgae,"cat %s/.stat -out.ump »> ",logging-pathjusgae);
fprintf(unix-shelljfile-usgae,"%s/',traffic~swtapatfl~usgae);

else

if (procjidusgae == 2)
1
fprintf(unix shell-filejisgae,"cat %s/.network-node-rating.trnp»>>

logging-path-usgae);
fprintf(unix-shell-file-usgae,"%s/",trafficjrating~paih..usgae);
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fprintf(uniix shell-file-usgae."%s\,n" .traffic_log-file-name~usgae);
fprintf(unix shell_fileusam %/umouNn"Jogging pahusgae);
fprintf(unix -shell1-file-usgae,'sleep ");
fprintf(unix-shell_tile-usgae."%s\,n",per meas-urement-period s_usgac);
fprintf(unix-shell-file-usgae."@ index++\n");
fprintf(unix-shell-file-usgac."end~n");
rm-cmd_usgae[OI=\O't;
strcpy(nn-cnd-usgae."rm ")

strcat(rncmdusgae,logging-path-usgae);
strcat(rmscmd-usgae,"/. log-traffic_shell. bat");
ntn_cmd-usgae~strlen(rm cmd-usgae)I=NLY;
fprint~f(unix-shell-file-usgae." %s\n" .rrn-cmd-usgae);
rm_cmd_usgae[O1=NP;
strcpy(rms-md..usgae,"rm ;
strcat(rn-cmd-usgae,logging-path-usgae);
if (proc-idjisgae == 1)

strcat(rinscmd-usgae,"/.stat~ouLtmp");

else

if (proc.-idusgae == 2)

strcat(rms-md-usgae,'/.network node_raling.trnp");

rmn-cmd-usgaejstrlen(rm -cmd-usgae)1=N\O';
fprintf(unix shell-file-ýusgae."%s\n".rnn cmdjisgae);
rm-cmd_usgae[OI=\O;
strcpy(rms-md-usgae,"rrndir 3
strcat(rmscmd-usgae,logging-path-usgae);
rnn-cmd-usgae[strlen(rm -cmd-usgae)]=N4Y;-
fprnxnf(unix shell-file-usgae,"%s\n",rm...cmd~usgae);
fclose(unix-shell-file-usgae);
chxnod_cmdjisgae[OI=\O t ;
strcpy(chmod crod-usgae,"chmnod 700';
strcat(chmodscmdusgae,log -traffic-shell-usgae);
system(chrnod cmd_usgae);
if (chdir(cur~pathusgae) == - 1)

printfC'\n!! Can not return to %s subdirectory ! ! !\ft"icur_,par~h_usgac);
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unix-shell-cmd...usgae[Ol='\O';
strcpy(unix-.shell-cmd-usgae~log-traffic-shell~usgae);
strcat(unix~shell-cmd-usgae," &");
unix-shell-cmd -usgae[strlen(unix shell_cmd~usgae )]='\LY;
system(unix-shell-cin-ýusgae);

else

printfQ'\,n !!! Please check the current directory !!! Nn");

/* This procedure will get the long term network traffic monitoring
log file name according to the selections which are chosen by the
users *

getjtraffic monitoringjinformation(networkprofile~name~gtmi,
traffic-log-file-ame-.gtmi,
total-measurement-times s-gtmi.
per measurementrperiod-s.gt~mi,
packet-size-s-gtni,
per-sampling-number s-gtmni,
create-file-flag--tmni)

char *network-profile-nane-gtmni;
char *traffic-log-file-nazne-gui;
char *total-measurement -times -s a.tini;
char *per _measurement-period sgtm
char *per-samnpling-nupaber-s-gtmi;
char *packet size-s-gtmni;
int *create-file-flag-stmi;

int optbuf-gtmi,period-uni'Lbuf...gtmi;
int pers5ampling-numbergtmi.,packet-size-gtmni;
irn check-file-flag-,tmi~file-opt-gtmi;
long period-unit-gtmi;
long total-periods..gtmi,per...period;,
long total-measurement-tinmesotini,total measurement-minutes-gtmi;
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long measurement~period-unitbuf-gmi,measutementperioduniit...gtmi;
long measurement-period-gtmni,per measurement-period-gtzni;
char total-periods__s~gtmi[34j;
char measurement-period-s-.gtmi [341;

opt-buftgtmi=O;
strcpy(trafficjlog-file namne m~ewrpoilejmcti);

while ((peiod-unit-buf-gtmi < 1)1If (period uniit_buf..gtini > 5))

printf('*** Plaese select the time unit of traffic )

printf('monitoring ***\n~\n");
printf(" 1. minute Nn");
printf(" 2. hour \n");
printf(" 3. day \n");
printf(" 4. rnonth(30 days) \n");
printfQ' 5. year \nf"),
printf(" Please, select one time unit (1-5) )

printfC"===»> ");
scanf("%d",&period unit buf..gtmi);
getcharo;
printf("\n");
I

total-periodsgZtmi=O;
while (total~periodsgtmi < 1)

if ((period-urtitjuf...gtmi >-- 1) && (period~unitbufigtini <= 5))

printfC"*** How many )

switch(period-unit-buf...gtmi)

case 1
period-unit-gtmi=-60;

break;

case 2:
period-umit-Sini=3600,
printff"hours");
break;

case 3 :
period-un&igtxni=86400;
printf("days");
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break;

case 4:
period-.unit~gtini=2592000;
printfC' months");
break:

case 5:.
periodunit-glni=3 1536000;
printf("years");
break;

default :
printf("!!! the time unit of traffic monitoring selection is error H!!");
break;

printff' do you want to log the network traffic ==--> )

scanf('%d" ,&total-periods...gmi);
getcharo;,
printf(#\IV);

sprintf(total-eriods-s-gmi,'%ld',total-periods-gtmni);
total_measurementrninutesgtzni=period-uniitgtmi*total-periods-guni;
strcat(traffic~log~file~naine~gnni,"_J);
strca(trafficilogfile~name..juni,total-jperiods...s-gui);
strcat(trafficjlog..file name-gtmi,2-);
switch(period~unit-buf -gMi)
I
case I

strcat(traffic-jog-jile name -.gni ,"minute");
break;

case 2 :
strcat(traffzcjlogjile..name_.gti."hour");
break;

case 3 :

break;

case 4 :

strcat(trafflcjog.Silcjiame...gunii"month");
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break;

case 5 :
strcat(traffic~log...fileýnamne-guni,"year t9 );
break;

default:
break;

strcat(trafficjlog~file-nane-gtmni.' by-.perj");
while ((ineasurement-period unit-buf..gtmi < 1) 11 (measurement~period-unit-bufigtni

> 3))

printfC'*** Plaese select one as the one traffic sample");
printfC'time unit ***\ja\j");

printf(" 1. minute Wi');
printfC" 2. hour \n");
printfC" 3. day \nrn");
printf(" Please select one time unit (1-3) )
printfC"===» ");
scanf('%d,&nheasurement.4,erioduniýbuf...gtmi);
getcharO;
printfC'\n");

measuremenLpero-gtmi=O;
while (incasuremenLperiod&.gtini < 1)

I
if ((mneasureinentperiodjzniLbuf..gtmi >= 1) &&

(measurement..period uniit_buf...gtii <= 3))

prin~tfC"*** How many')
switch(measurement-.eriod unit-buf~gtmi)
I
caise 1:

measureinent-period-unit-gtmi=60,
printf(ininutes");
break;

case 2 :
ineasurcment-periodjlnit-tmi=3600;
printf(Thours");
break;
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case 3:
measuement-period-unit-gtmi=86400,
printf("days");
break;

default:-
printf('!!! the time unit of traffic )
printf("monitoring selection is error!!! )
break;

printf(" do you want to collect one sample \n");
printf(C dhe network traffic status ===> ");
scanf("%d",&measurementjperiod..gtmni);
getcharO;
printfC"\n');

sprintf(mneasurement-period-s-gtmi,'%ld",measurement..period...gui);
perý-measurementpexrio&..gtxni--measuremenL-period-unit-gmii*

measurement-period-S.tmni;
sprintf(per-measurementperio-s-.gtmi,'ý%ld",per -measurement-period-gtmi);
total-measurement-times...gtini=total measurement-minutesg.tmi/

per -measurement-period...gtmi;
sprintf(total measurement~times s~gtmi,'% Id" .total-measurement-times~gtmni);
strcat(trafficjlog~file-name nti~measurement-period-s..gtmi);
strcat(trafficjogjfile nameguni,2-);
switch(measurementperiod.uniLbuf..gtmri)

case 1:

break;

case 2 :
strcat(trafficlog~filenane~gtxni,"hour");
break;

case 3 :
strcat(traffticjog-file.nwane...gtmi,"day");
break;

default :
break;
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taficJogjfile..name~gm [s ~rfic log file namneg i No'I;
check-filefla~gtmui=check network poie(trfficoj jame~m

if (check-file-flag.gtmi == 1)

printf("!!! The %s traffic log file already has existed ! ! M'n,trafficjlog-file-naie-gtzni);
*create-file-flag-gtmi=O;
while (*create-file-flag..gtini != 1 && *create-filejflag..gtmi !=2)

prirltf("*** Do you want to <1> overwrite or <2> append it ==> )

scanf(t %d" ,&file~optgStri);
getcharo;
printfQ'Nn");
if (file..opt...gtmi != 1 && file-opt-gtxni != 2)

printf(" !!! File operation mode selection is error ! !~ni")

else

switch(file~opt-gtmi)

case 1:
*creatc file -flaggtani= 1;
printfC'!!! The %s traffic log will be overwritten

break;

case 2:
*create-file flag-gtjni=2;
printfC'H!! The %s traffic log will be appended

I \n",traffic-log-file naine...gtmi);
break;

default :
*createfile-flag-gtmi=O;
break;

else

*create-file-flag~gtmi=l1;
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packet-Size-gtmi=0O;
while ((packet~size..gtmni < 10) 11 (packet-size..gtmi > 1024))

PrintfC*'* Pleas- input, the datagrain packet size (10-1024)\n");
printf(" for the per traffic status collection ==> )

scanfC'%d ',&packet__size~gtni);
getcharo;
printfC'\n");

sprintf(packet-size s.,gtni," %d",packet..size-gtmni);
per-sampling-number-gtmi=0O;
while ((per-saxnpling-number,.gtmni < 5) 11

(pesmpling~nwnber-gtnii> 100))

prjntfC'*** Plaese input the sampling number (5-100)\n");
printf(" in per traffic status collection = )
scanf("%d",&perz-sainpling-number...gtmi);
getcharo;
print~ft'Nn");
I

sprinf(per-samnpling-number-s--gni,'%d t',per-samnpling-nwmber41mti);

I

/* This procedure will get the long term traffic status file
name, the network node number in the profile and
delete the 'stat-out.tmp' temporary file *

get.profile -network-node-info(profile network_nodejio..gpnni,
long-ternn traffic-info-file-name-gpnnli,
proc-jdgpnni)

int *profile -network-nodeý-no-gpnni;
char *long-term traffic-info-file name..gpnni;
mnt procjid.gpnni;

I
char cur-pathr.gpni[125 6];
char networkprofileýpath..gpnni[256];
char network...pvofile name-gpnni[45j;
char dummy-file-size,..gpnif I];
char network~node-buf,..gpnni[2561;
nit char _ndex~gpnninetworknjode...no~gpnnii;
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FILE *networkrfile-gpnni~,*pjingstat~out-gprJnj

network_node-no~gpnrii=O;
%ir-Path..gprini[OI=\O';

network-prfile-path-gpnnhijQ]='O;
network-profile-name-gpnni[O]=ViY;
network-node-buti..gpnni[O1=NfY;
if (proc -idgpnni = 1)

geLnetworkprfile-path(cur-path...gpnni,
networkprofile-path-gpnni,2);

I
else

if (procjidgpnni ==2)

get networkproile-pah(curýpath..gpnninetwork-profile-pathigpnni,3);

I

system("ls -1 * > ienp)
file-selection(Iong-term trafic-info-file~naegnidm yflsiepn,)
char -index-gpnni=O;
if (strlen(longjtermn traffic infofie name.gni 0

while (longjtennjraffic inojfileýnarnej-pnni[charjindex..gpnniI ='

network-profile-namne..gpnnifcharjindex-gpnnil=
long.terinjtraffic-info-f ile-namne.gpnini[charjindex..gpnni]1;
char~index-gpnni++;

network-profileý-name...gpnni [charj-ndex-gpni]=V'O;
if (chdir(cur-.path-gpnni) =-1)

I
printf('\n!!! Can not return to %s subdirectory !!!NMn',cur~path-gpnni);
printf('!!! Please check it, ! \.n");

else

curpah~gpnni[O]=V~';
network-.profile..pazh..gpnni[O]=\NO',
get network-profile-path(cur~pazh..gpnni~network-profile-path..gpnni., 1);
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if (strlen(cur..path__gpnni) >= I && strlen(network protile-path..gpnni) >= 1)

if ((networ-prwftle-gpnnii=fopen(network...profiIe-nane-gpnni Pr")) !=NULL)

while (!feoftnetwork-prfile..gpnni))

f~scanf(network-prfile-gpnni.'%s\,n".network-node..buf-gpnni);
network-node-no-gpnni++;
I

*profile-network-nodejio~gpnni=network-node-no.,gpnni;
fclose(networkprofile~gpnni);

if (chdir(cur-patl~gpnni) = 1)

printfC",n!!! Can not return to %s subdirectory !!!.\nM",
cur pathLgpnni);

printfiCl! Please check it !f!\n');

else

printf('M !!! Please check the current directory !!\n"),

else

long-ýternnjraffic-infofitle-nane-gpnni[O1=V{Y;
*pgrofile-network node-no-gpnni=O;
if (chdircur-path-gpnni) == -1)

printf('\n!!! Can not return to %s subdirectory !!M\n'fl,cur-paxhgpnni);
printf(" 1!! Please check it !! Nn");

else

if (strien(cur~path..gpnni) >= 1)

if (chdir(cur-pathugpnni) == -1)

printf('Nn!!! Can not return to %s subdirectory !!N~rn",cur-path-gpnni);
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printfQ'!!! Please check it H!!\n");

printf("'ni !!! Please check the current directory !!! \n");

/* This procedure will use the 'ping' unix command to get
the traffic situations to the network nodes which are
specified by the network profile.
The users can select the network profile which they
want to measure *

profile_ traffic_statistic. argcpts,argvps

int argc-pts;
char *argv-pts;

FILE *network-prrjfile-pts;
FILE *ping-stat-pts,*staoutpts;
hit confimflag-pt,continue-jlag-pts,pre.processj-fag-pts;
int profile nietwork-node_no-t,index-ctrýpts;
float packet-received-percent-pns;
char ping-cmd-pt[256],grep~cmd~pts[2561,rms-md~pts[256];
char networkjiode-pts[256];
char ping-stat-rec-pts[256];
char stat~out~file-namneptsl256l;
char ping-stat-file-jiame-pts[256j;
char full-network-profile - ame-pts[2561;
char cur...pathjpts [2561;
char nietwork profile-path-.pts[2561;
char traffic stat..pathpts[2561;
char network-profide nane-pts[45];
char datagram-packet size_s1ps341,countsýpts[M]1;
char transmitted-packet number _s~.pts[341;
char received-packet number...s-pts[341;
char received~packet numberj- ndex~ptst 1001;
char loss..packet-percent-spts[341;
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char Ioss-packet-percentjindex-pts[ 1001;
char packet-received. Iercent...sptsf 341;
char packet received-percentbuf pts[34];
char minuavg-max-round_-rptimejindex-ptstS01;
char ~nhinround-trpjime-s-pts[34j;
char max-round-trip-ime-spts[34];
char avg round -rptimes-pts[341;
char dunimyjfile-Po-pts; /* This is a dummy variable for thie

getjnetwork-profile procedure
in this procedure

cur-path...pts[01=WO;
network-profile-patfr..pts[O1=NU;
continue-fag...pts= 1;
while (continuejflag-pts -= 1)

get-network-profile-path(cur-patlijpts,network-profale-path-pts. 1);
if (strien(cut...pai&.pts) >= 1 &&

strlen(networkprofile-patlipts) >= 1)

get network-profile(network-profile-nane-pts,dummy-fileno-pts,0,
&confirmiflag-pts);

if (confirrn..flag~pts -= 1)

strcpy(fullnetwoik-profile-name nzokmile-pa ths);

strcat(ftill networkcprofile name-pts,"f');
strcat(fiullnpetwork-profile narne-pis.network-profilejniame-.pts);
if ((network~profile~pts=

fopen(fullnjetwork...proflleý-naine~pts," r")) == NULL)

printf("!!! Please check the network profile");
printfC" %s, Can not open it !!!",ful~network-profilejname-pts);,

else

if (chdir~cur..path...pts) == -1)

printf("Nn!!! Can not retuwn to %s subdirectory ! ! !\n",cur...patIl..pts);

else

if (confirm-flag-pts == 1)
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trffic-stat-pathpts[1O=N 4)Y:
if (argc4,ts > 1)

strcpy(traffic~statpath~pts,argv~pts);

else

Iget~network~profile-path(curý-pathps~trffic-stat-path~pts,2);

pre-process-flag..jts= 1;

I

printf("\n! 1! Can not return to %s subdirectory H!Nivn",cur-path-pts);

prejprocess..flag-pts=-O;
continue-flag~pts=O;

els
I

prnntf('.Na !!! Please check the current directory !!! Nn");

if prerocssjagjts = I && strlen(traffi _ _pa, pis) >= 1)

strcpy(stat~out-file-name-pt,traffic.stat-patkpts);
strcat(stal.Sout -file-name...pts,t1.stat..outtxnp");
stat out-pts=fopen(stat out_file-namnejns," w');
datagramnpacket size-_s..pts[O)=V4;
counts-pts[OJ=\iO';
get..packetsize -and_count(datagran-packetsize~spts~count~spts);
printf("*** Do you want to list ping messages )

pnintf("for each network nodes ===> (YIN) )

confirm-flag~pts=conlinn_continucO;
printf('N'n!!! Please wait for the traffic statistics )
printfC' process ! !ni");
while (!feof(networkjimofile-pts))
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ping _cmndpts[O]=V~;
network-node-pts[O1=P;
transmitted-packet-number-spts[O1='V'';
received-packet numberspts[OI=\tY;
packet-received-percentLspts[O]=\VY;
mmn-rundjtriptime~spts[O]=V';
avg-rund-tripjtme-s-pts[O]=V'4 ;
max round tripjfine..s-pts[OI=*\LY;
fscanf(network~profilepts,"%s",network-node-pts);
if (strlen(network-node~pts) > 0)
I
strcpy(pingscmdpts,"ping -s )
strcat(ping-cmd-psnetwork-node-pts);
strcat(pingscmdpts," ");
strcat(ping-cmd-ps,datagrain-packet-sizc..s-pts);
strcat(ping.cmd-pts," ");
strc-at(pingsmd-pts,count-s-pts);
streat(ping-cmd-pts," > '*);
strcat(ping-cmd-ps.trafflc-statcpadupts);
strcat(ping-cmd~pts,'/.ping-jile.tmnp");
ping-cmdpts[strlen(ping-cmd~pts)]='\IY;
system(ping-sm~pts);
if (confirim.flag~pts == 1)

pnintf(ENnetwork host name: %s ",network-node-pts);
printfC'packet size: %s data bytes \nrn",datagrain-packet size-spts):
grepspmdpts[0I=\O';

stcpy(grep-cnd-pts,"grep icmp )
strcat(grepsmd~pts~traffic stat-..pat&..pts);
strcat(grep-cmdpts,"/.pingfile.tUnp");
grepc.fmd-pts~strlen(grepscmd-pts)I=VU;
system(grep..ýcmd-rts);

Jrnf'n)
strcpy(grep-smd...pts,"grep packet )
strcat(grep-smdt,trafflc-stat-path-pts);
strcat(grep-cmd-pts,"/.ping-jile.tnp > ");
strcat(grepsmdpt,traffic-.stat-.path-pts);
strcat(grep-cmdpts,'/.ping-stat.tmp");
systern(grep-cmdpts);
grepscmdpts[01=P"fY;
strcpy(grepscmd-.pts,"grep min/avg/max )
strcat(grep-md-ps,trffic-stat-path-ptfs);
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strcat(grep-cmd-.pts,'/.ping-file.tnp» >>
strcat(grep-cmdpt rfic statpath-pts);

system(grepscmdpts);
ping-stat-file-nazne-pts[OJ=WO;
strcpy(ping-statfile-nane-pts~traffic-stat-path-pts);
strcat(ping-statfilename-pts,"/.ping stat.tmp'.'r");
ping-stat-pts=fopen(ping-stat file_name~pts,"r");
fgets(ping-s~tarec-pts,255 ,ping-stat-pts);
ping-starc-pt[strlen(ping~stat-rec-pts)j=\;
if (stren(ping-stat-rec-pts) > 1)

index-ctr-pts=O;
while (ping-statrec-pts[index ctr..ptsJ I

I
transmitted-packet numbers-pts~indexsctrý_ptsJ=
ping-stat-rec-pts[indexsctr-ptsl;
inlexsctr-pts++;

tranmitted-packet-ruimber-s-pts[indexsctr-pts]=NLY;
strcpy(received-packet numberý_index_pts,sutrt(ping-staupts.td '))

index-ctr~pts=5;
while (received~packet numberjndex~pts[indexctr~ptsl >='0' &&

received-packet number-index~pts~indexsctr -ptsl <= '9')

reev1aktnme~psidxtps51
received-packet number_indepts[indexCtr-ptsl;1

indexsetr-Pts++;

received...packeLnumber _s_pts[indexStr~jns-51=&'i;
strcpy(Ioss-packet-percent-index-pts,strtr(ping-stat-rec-pts,'ved, ")

index -ctr-pts=-5;
while (ping-sw rec-ptsindex ctr..ptsl != W)

I
lo ss packet percent s..ptsf index ctr-pts-5 1=
Ioss-packet-.percent index-pts[indexsctr-ptsl;
indexsctrýpts++;

Ioss-packetpercent-s-pstrlen(loss-packet-percent.s-pts)1=NOU;
packet~received-percent..pts=
100.0-atof(loss~packet-percent-s~pts);
packet-mceived_.ercent~sptsf01=NLY;
if (packet received-percent-pts <= 70.0)
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sprintf(packet-received-percent-buf-pns,' % 3.2f"
packetjteceived-percent..pts);

strcpy(packet-received-percen-s-pts," *");
stct(packet-receivedptercen-s-pts,packet-received-percent-bufLprs);
packet -received-percen-s-pts[strlen(packet-received-percenu..-pts)I=VJ);

else

sprintf(packet-received-percent-s..pts," %3. 2f.
packet- ceived-percent.. pts);

ping~stat~rec~ptsf01=%O';
if (!feof(ping-stat-.pts))

fgets(ping-.statjrec-pts,255 ,ping-stat-pts);
ping-stat-rec-pts(strlen(ping-sta-ec-.pts)I='4';
if (strlen(ping~stat...rec..pts) > 1)

strcpy(rnin-avgmax~roundjnpt~ime index-pts,
strrchr(ping-stat-rec-pts,.='));

index-str-pts=2;
while (min~avg~maxjroundjtrip-time-index-pts[indexsctr~pts I !=7f)

I
minround trip- time-s-pts[index dtr pts-21=
min-avg...max round-tripjtimejindex~pts~index ctr~pts 1;
index ctr-jpts++;

index-ctr-pts++;
minround-rip-time -s ptsfindexsctrpts-3I='\4Y;
while (mitavgjnax-round Uptimejindex..ptsiindexsctr ptsI !-='f)

avg~roundtripjime-spts[ir~dexsctr-pts-3-
strien(mixirlundtip~tine~spts)]=
min-avg~max round_triptime-index-ps[index~ctrý_pts];
index -ctr-pts++;
I

index-ctrý-pts++;
avgrundtrpjime~spts
[index__str~pts4-strlen(min round_ffptie-,s~pts) I=VY;

while (min..avg_ maxjroundjirip-timejindex-ptstindexsctrjpts I >= '0'&&
min -avgjnax round-ripjfimejindex-ptslindexjntr-pts I<= '9')
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max_ round-trip-timne~s..fs
[index-ctr_pts4-strlen(min-ruudtiip-ime-spts)-
strlen(avgwrundjtip~tiwc..s-pts)]=
min-avg-max-roundLtripjmejindex-pts~indexsctr-pts1;
index-ctrpts++;

max-round-jip-fime-spts
[indexsctrpts-4-strlen(nlin round-.trp_.jme...s.pts)-
strlen(avg-round-tip..time-s-pts)]=\O';

else

strcpy(minjround-tripimesjfls,"-)
stcpy(avgmrund-tripjime-s-pts,"-");
strcpy(max-rundrp-tme-s-pts,"-");

fprintf(staLout..pts, " %IlOs %7s %7s %9s %9s %9s %s\.n",
transmitted-packet number -sjpts,
rcceived-packet number-s-pts.
packet-rceived-percent-.s-pts,
min round trip-tme .S pts,
avg-round-tipime.s-pts,
max_rountd~trip--ime~sVts,
network~node..pts);

fclose(ping...stat-..pts);
rm-cmd-ptslOj=N'L;
strcpy(nns.md..pts,"rmi
strcat(rm-cmd..pts,traffic-stat-pattpts);

system(rmsmqndpts);

fclose(stat -olit4,ts);
display..sraffic_status_statisticsjecport(stat~out file-name~pts);
rnnsmd-pts[O]=VO';
strcpy(n-md-mpts,"rnn )

strat(nn -mdpts,trafficzstat-path-pts);
stcat(rnm -cdpts,'/.ping-file.trnp");

system(ri cm d-cpts);
fclose(network-profile-pts);
if (chdi rcur~path~jpts) = 1
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printff"\n!!! Can not return to %s subdirectory !!Nin'.cur...path~ptS);

else

printf('Nn*** Do you want to query another network profile (YIN) )
continue-flag-pts=confirrn continueo;

/* This procedure will display the statistics output of
the traffic status. *

display traffic_status_statisticsjeport(stat-out-file_name_dtssr)

char *statOut_file_name_dtssr:,

FILE *stat-out-dtssr,
char statout-rec-dtssrf256l;

printfC1\n *** Traffic )
printff'Statistics Report ***\,l\flfl);
printf(" transmitted received received minimum average )
printff'maximum network node Nn");
printff' packets packets packets round-trip round-trip )

printfC'round-trip~n");
printf(" number percent percent number number )
printf("rnumbe?%nu);
printf('------------------------------- ---------- "
printfC'-------------------NM)
stat-out~dtssr--fopen(staLout file-namne-dtssr."r");
while (!feof(stat_out dtssr))

stat~out_rec_dtssr[Oj=N0;
fgets(statoputjecjldtssr,255,stat~outjltssr);
if (strlen(stat~outrec-dtssr) > 0)

printfC'%s t1,stat out-recýjltssr);
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fclose(stacout-dtssr);

struct traffic_info_records

char tine[30];
char receive~packet-percentll71;
char minroundjitip-time[ 101;
char angjoundjrip-jimef 10];
char maxroundjXripjfime[ 101;
struct traffic-info-records *next;

typedef struct traffic_ino-records trafficjinfob-rec;

stnict Iong-term...traffic-ino-records

char network-node[256];
struct traffic_info-records *trafflc-info-ptr:
stnict long-tennmtraffic~info-records *next;

typedef stnict long-term...traffic-info-records longterm-traffic-info~rec;

profilejlongjterm trafficý_statsic-report(profile-network-.jode-io-plttsr,
Iongjtenn traffic_info_file__namneplttsr)

int profile -network-node.-no-jitsr,
char *long-terni..trafficjnfo fie~ame,.plttsr,

Iongjterrn-traffic-info-rec *head -node-ec..plttsr,
long-tern-traffic-info-rec *tal node-rec-plusr,
Iongjterm_traffic-info_rec *cu~rýnode_rec~pIttsr:,
long-term-.jraffic infoec *new node rec .pittsr,
tradfficjnfojýec *new-re.pltts,
traffic-info-rec *cur,~....pltsr,
char tirne-bufjplttsr[30];
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char str-buf I-pIttsr[34l,str-buf2_plttsr[34l;
char received-packet...percent-plttsr[7];
char min_round_rip~sime~pltsrf 101;
char avgjround...trip_!dme~pltsri 101;

charmax~oun_trip-tixe...plttsr[ 101;
char network...node..plttsr[2S61;
int loop-plttsr.Ioop lplttsr,block~ctr lttsr:
F'LE *long-tep.mtraffic-statistics;

head-Tnodejrec...pltsr=-NILL;
tadlfnode-rec..plttsr--NULL;
cur~jnode recplt--NULL;
new-node!rec-pltsr--NULL;
if ((ong-term -raffic-statistics=

fopen~longtenn-trafficý_infojfle name-plttsr,'r")) !=NULL)

tine~buf..plttsr[O1=WO;
fgets(time...buf plttsr,255,long-tennjrafflc -statistics);
fgets(timej-bufjpltsr,255.long-term.trafflc statistics);
tmxebuf plutsr[strlen~time-buf jplttsr)-11 =\0';
for (loop-plttsr=0O;loop-plttsr < profile-network-nodejo-plttsr;Ioop...plttsr++)

I
fscanf(long-ternijraffic -statistics,"%s %s %s %s %s %s %s\n',

strý_buf Iplttsr~str-buf2..plttsr,
received-packet-percent-plttsr,
mimnjound-trip-tiie..plttsr,
avgjround-tripjime-plttsr.
max~mund__ripjime~plttsr,
network-node~plttsr);

new.-rec-..plttsr--(struct traffic_info_records *
malloc (sizeof(struct trafficqinfo~records));

srpy(new-ec-plttsr->time,time...buf plttsr);
strcpy(new-rec-plusr->received-packet- oercent,received-packet-percent..plutsr);

srpy(new..rec...pltnsr->min -round-trp-time~m&w~rundjtrp~time~plttsr);
stp~e-e-itr>v~on~rpOeagruOtijrepts)
strcpy(new..re~lttsr->maxjuoundjiripfimeinax-ound-trip-ime-.plutsr);
new -rec..plttsr->next--NULL;
newý-node-rec-plttsr--(slnict long-tenn traffic~info-records *
malloc (sizeof(struct long...term..traffic_info_records));
strcpy(new-node-ec..plttsr->network-node~network-node~plttsr);
new_node,_recjpltlsr->trafflc_info nr-rewremc..plttsr,

* new-node_rec~plutsr->next;=NULL;
if (head-nodej-ec-plttsr == NULL)
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head_node ec~plttsr--new niderec~plttsr,
tail-node-recjIttsr--new node-rec-plutsr,

else

tail-node-recýplttsr->next--new-nodi-e.c-pItsr,
tail~nodejrec..plttsr--new-node-rec-plusr.

blocksctr...plttsr-- 1;
while (!feof(long-term trafic-statistics))

cuýrinode_rec..plttsr--head-nodeý_rec-plttsi-,
fgets(timej-uf...plttsr,255,Iong-jerm traffic~statistics);
time b~uf..plttsrjstrlen(time _buf~plttsr)- 1 J=W4;
for (loop...plusr=-O;loop..plttsr<pwofile -network-node-no-jplttsz-loop-plttsr++)

fscanf(Iong~jrm..saffic.-staiistics,"%s %s %s %s %s %s %s\n",
strý.bufl...pltsr~strjýuf2..plttsr,
receiveC~packet...percent-pittsr,
mm _round_trip.jime-.plttsr,
avg mound-triptime...pltsr,
max_round_tripjime...plttsr,
network-nodc...plttsr);

new-.rec..pittsr--(struct traffitc-info-records *
malloc (sizeof(struct trafficjinfo-records));
strcpy(new~rc~pltsr->time,time-buf..plutsr);
strcpy(new-rec-pIttsr->received-packet-percent~rceived-paket...perccnLpkttsr);
strcpy(newj-ecplIs->min-round-tiipjimeimninmoudjripjtixne~ ttsr);
strcpy(new-rec..pIttsr->avg-rundtrip-jime~avgjround-jfipjime-pttsr);
strtpy(rew~rec-pittsr->maxjmund-jdptime,maxjomundtrip~te....plttsr);
newjrec..plttsr->next--NUL;
cur-rec...plttsr--cur -node-ye..plttsr->trafficj-nfo-tr,
for (loop I-pittsr=1oopl-plusr < block-cttpltlsr~loop L-plttsr-t+)

I
cur-rec-plttsrcu-rjec..pltlsr->next;

cur-rec-plttsr->next--new.rc~plttsr,
if (curý-rodejec~pttsr 1= tailnAodeXec...plttsr)
I
cur -node c-pltusr-curiý-ode-rec..plttsr->next;
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blocksctr~plttsr++;

displayjong..jenn statisticsjeport(head-node rec..plttsr
tail-node-rec-pl,1);

free(head-node -rec-plttsr);
free(tail node_rec..plttsr);
free(new nodejrec~plttsr);
free(cur _node__rec..plttsr);

displayjlong-term-statisticsý-report(head_node-rec-dltsr.tail-nodej-ec~dltsr)

long~ern~trafflc_info_rec *head-node-recditsr,
long-termn raficinfo rec *tail-node,-rec dltsr,

Iongtv-rimjraffIc_info~e(u turý nodeý rec dltsr,
traffic_info_rec *crjec_dltsr,

cur-nodeý_rec-dltsr--head-node-rec-dltsr,
printf('\,n *** Long Term Traffic Statistics Report *****n\n~d);
while (curnode revdltsr != tail-nodejrecjlltsr)

curý_rec_dltsr--curý_node_recjlltsr->trafficW inotr;
printfC(nn network node name :%s \njn",

curý-node-rev-dltsr-z>network-node);
printf(" received ");
printfC'minimum average maximum \n");
printfC" time packet ");
printf("round-trip round-trip round-trip\Nntt );
printfC' percent")
printf('time time time Wn');
printfC' ___--------------------------

printfC'-------------------- ----- n)
while (cur-rec_dltsr->next != NULL)

printfC" %30s %8s %10s %10s %l0s\n",
cur~jrev dltsr->time,
cur_rev dltsr->received-packet~percent,
cur-recdAltsr->min-round~tripjtime,

247



curý_rec_d1tsr->avg..roun4_tnp..3ime,
cur~sec dltsr->max_round-tuip-time);

cur_rec-dltsr--curý_rec_dltsr->next;

printff" %30s %8s %10s %10s %l0s\n",
cur-rec-ditsr-~>time.
cur_rec;-dltsr->receive&..packet-percent,
curý_rec_dltsr->minjrounditrip-time.
cur .rec-dltsr->avgjround-jripjfimie,
curý_rec_dltsr->maxjround~trip-timne);

cur node_rec-dltsr--curý_node_rec_dltsr->next;
I

printf(\n% network node name :%s n\n",cur-nodeý-rec-dltsr->network...nde);
printf(" received ");
printf("minimum average maximum \n");
pnintf(" time packet ");
printf('"round-trip round-trip round-trip Nnl");
printf(" percent )
pnintf("time time time \,n");
printf(----------------------------------
printfC'-------------------- ----- n)
cur-rec-dltsr--cur-node-rec;-dltsr->tmdfficjinfo-ptr,
while (curjec..dltsr->next != NULL)

printfC' %30s %8s %10s %10s %l0s\n",
curý_rec_dltsr->tme,
curý-rec-ditsr->received.packecpercent,
cur-recý-dltsr->minjroundjxripjime,
cur-_recdltsr->avgjround-tripjfime,
cur-recp-dltsr->max-round-trip.time);

cur-rec-dltsr~curý_recdltsr->niexE;

printf(" %30s %8s %10s %10s %l0s\n",
curý-rec_dltsr-xime,
cur-rec-dltsr->received-packet-percent,
curý-recz-dltsr->minjroundjzip-ime,
curj-ecjlltsr->avg-rund-jxip-jime,
curý-rec-dltsr->max-roundj.ripjtime);

/* This procedure will let users query the real time network
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node traffic rating, monitor the long term network node
traffic rating information and generate the long term
traffic rating statistics report. *

profile.-raffic. rating~query(argc-ptrq,argv-ptrq)

int argc-ptrq;
char *argv-ptlrq;

int profile network_npode_no~ptrq;
int optjun-ptrq,exit-flag-ptrq,confirmj-lag-ptrq;
char cur-patptrq[2561,network-profile-path-ptrq[256];
char traffic-rating...patluptrq[256];
char long-jerrn_.rafic _rting,.fileiaxne-ptrq[451;

opt-jun4~trq=O;
exit-flag-ptrq=-O;
while ((optjfun..ptrq < 1) 11 (optjunptrq > 4) 11 (exitjflag~ptrq ==0))

op -zptrq=display-taff c -.rating-query-.menuo;
if (optifun...ptrq < 111i optfun..ptrq > 4)

printfC'!!! network profile traffic rating query function selection is error !! !Nn");

else

switch(opt~fimptrq)

case 1:
profile -rafficj-ating(argc...ptrq,argv~ptrq);
break;

case 2 :
unix_sheil~generation and-execution(2);
break;

case 3:
long-teritrafficramting-fieýna ne-ptrq[O1=V'O;
profilejinetwork nodejno-ptrq=-O;
get-profileý-network-nodeý.info(&profilejietworkjiodeiýo-ptq,

long-term trafficraing-.filejniame-ptrq,2);
cut..path.ptrq[O]='%O;
traffic aing~path..ptrq[0]=VO',
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getnetwork-profilepath(cur-path-ptrqtraffic-ratingpathptrq,3);
if (strlen(cur-path-ptrq) >= 1 && strlen(traffic rating-path-ptrq) >= 1)
{
profilejlong-termitrafficrating.report
(profile-network_node-no-ptrq,long-term traffic ratingfi le nameptrq);
if (chdir(cur-path_ptrq) - -1)

printf('Nn!!! Can not return to %s subdirectory !!.%n",cur_pathptrq);

else
{
printf('Nn !!! Please check the current directory !!! W");

break;

case 4:
printf('%n Do you really want to exit ? (Y/N) ");

exitflag-ptrq=confirmn-continueO;
break;

default:
printf("\n!!! Network profile traffic query ");

printf("function selection is error !!.\n");
break;

I

/* This procedure will display the network traffic rating query menu */

int displayjtraffic-rating-queiry-menu0

int optjfun-dtrqm;

printf("vnMn ***** Network Traffic Rating Query Mode Selection *****I\nn"));
printf(" 1. real time network node rating traffic query \rMn");
printf(" 2. long termn network node rating traffic monitoring \nn");
printf(" 3. long term network node traffic rating statistic reportf\nn");
prntff(" 4. Exit \nM\nn");
printf(" Please select one function (1-4) ===> ");
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scanfQ %d",&opt-fun-Atrqm);
go!charO;,
priinfC",n");
return optjfunjltrqm;

struct network-nodejratingjrecord
I
char network~node-narneII2S6I;
float round -trip~jmejýnean~yalue;
float round~tripjireyvaziance;
float round_trip.jimnestd-deviation;
float packet received-percent;
struct network-node-rating-recori *next;

typedef struct. network-node-ratingjrecord network-node-rating-yec;

/*,fhis procedure will show the network nodes' traffic
status rating *

profile-traffic rating(argc...ptr,argv...ptr)

int argc-ptr,
char *argv-ptr,

char ping..smd-ptrf 2561 ,fnn.cmdptr[2561;
char network-node...ptrj2S6],raiing..out file_ýnane-out...ptrt256I;
char full-network-prnfile...nae...ptr12561;
char pingOata~rec-ptr[256];
char traffic. Iting-pathiptrf 2561;
char curpatptr[2561,networkproflle-path-ptr[2561;
char datagram..packet size_s~pt[341,count-s..ptri34l;
char roundjtrip..Sirne-index-pw([251,roundjtrip-.pme~s~jtr[341;
char loss-pcketpercentindex-ptr[25 1;
char Ioss-packet-percent s~ptrISI;
char traffic-status_file-nnme..ptrI45];
char network-profile namne-ptr[45];
FILE *traffic-status-t,*rating-out-pw,*networkprofile-ptr,
int ping..data-rcs.trýptr~indexsctrý.ptr,

251



int confinflag-ptr~continue-flag-ptr~pre-jprocessjflagptr;
float round~trptine~ptr:
double sum-round..ripjime...ptr~sqr...sum-round__trpjime-ptr,
swuct stat traffic.,status -file -stat ptr,
nt, check-traffic-status-file-ptir,
int check-traffic-status-stat-resjptr,
network-node-rating..jec *head~rec~ptr,*new~rec~ptr:,
char dummy-filenjo~ptr[1I; 1* This is aduinmy variable for the

get-networkprHie procedure
in this procedure

curý_path~ptr[Oj=V t ;
network-profile-.path-ptr[0j=\O';
continue-flag-ptr-- 1;

pre-jprocessjlag.ptr-=O;
while (continuejflag...ptr = 1)

get -network-proflle-pth(cur-pa~htr~networkprofile-path-ptr, 1);
if (strlen(curpath~ptr) >= 1 && strlen(nietworkprofile~pathjptr) >= 1)

printfC",n*** Network profile listing ***\n\,n");
get-network-pofile(network-profile-name-ptr,dummy-flejino-ptr,O,

&conlirm~flag~ptr);
if (confirin flag~jptr=-- 1)

strcpy(full-network-pofile name-ptr,network-profile-path-ptr);
strcat(fulL~network..profile name_ptr,2T);
strcat(full~network..profile naine..ptr,network profile namneptr);
if ((network~profile...ptr=

fopen(fullnetwork-profile-n.ame-ptr,"r")) =-NULL)

printf("!!! Please check the network profile");
printf(" %s, Can not open it ! ! !',ftllnetwork-profile-name-ptr);

else

if (chdir(cur...path~ptr) = -1)

printfC"\n!!! Can not return to %s subdirectory ! ! NMn,cur~path~ptr);

else

if (confirmjflag..ptr == 1)
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trafficjatig~path~ptr[O]=\ '-,
if (argc-ptr > 1)

strcpy(traffic-ating-path-ptr,argv ptr);

else

get~network-prfile-path(curý.path-tr,traffic-rating..path-ptr,3);

pre-processiflag-ptr=- 1;

I
I

pri~nf("rNn!!! Can not return to %s subdirectory H! !NWn,cur-patl-ptr);

pre-process-flag...ptr=O;
continue-flag~ptr=-O;

else

printf("\,n !!! Please check the current directory !!! \n");

if (pre-process-fag-..ptr == I && strlen(trafficj ating~path~ptr) >= 1)

network-pmfile -name-ptr[0OI=OY;
head rec ptr--NULL;
strcpy(rating out-file_nameoputpt rficj atingptpr)
strcat(rating~out file-namneouLptr,'/.network node-rating.tmp");
ating-outptr--fopen(rating out file name-out-Jnr,"w");

datagram-packet size-s-ptr[OI='V';
coun-S~ptrf0l=N\O';
get-packetsize and-count(datagrarn-packet -size-s-ptr,count -s ptr);
printf('\n!!! Please wait for the network nodes status rating process ! ! !n');
while (!feof(network...profile~ptr))

ping-cmd..ptr(O1=NO';
networkjnode~pt4[O]='\LV;
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fscanf(nietwork-profile..ptr," %s",network niode Ptr);
if (strlen(network-node-ptr) > 0)

strcpy(ping-cmd..-ptr," ping -s )
strcat(ping-nid-.ptrinetwork node-ptr);

strcat(ping-cmd-ptr,datagram-packet-size-sýptr);
strcat(ping-cmd-ptfr," ");
strcat(ping-cmdptr,count-s-ptr);
strcat(ping-cm&.ptr," > ");
stmdtpngcdptr,trafficjingatin-phptr);
strcat(ping-cmndptr,'/.');
stcat(ping-cmdptr,networkcjideý-plr);
strcat(pingscmdptr,".tinp");
symtm(ping-smd-ptr);

rwnd(network~profile-ptr);
while (!feof(network-profileptr))

traffic-_status-file_namne..jtrfOI=NOD';
network.node~ptrjO]=N'\L;
fseanf(networkpmfle-ptr,t %s",network~node~ptr);
if (strlen~network node~ptr) > 0)

strvpy(traffcs5tatus-file_name pr,trafflic rting~pathptr);
strcat(traffic.,status -fileý_namne.ptr,"/."f);
streai(traffic~status -file_nmneptr,network-node-ptx);
strcat(traffic status~file--nameo-ptr,".trnp");
traffic status file name-jnrfstxlen(traffic-status-filej-niaep)]4Y
check.-trffic.status~file-ptr--open(traffic-status-filejniame~pnr,Q.RDQNLY);
check rtffic-status~staLres..-ptr
fsta(check trafic-statusjfile...ptr.&traffic -status-fileý..statptr);
if (checktraffic_statusý_stat_res~ptr = 0 &&

traffic-status-fillestatptr.st-size > 0)

close(check traffic_status_file~ptr);
traffiic-status-ptr-fopen(traffic...status..f~inae-jptr,"r");
fgets(ping~datajrec-ptr,255,traffic-statusjptr);
fgets(ping-.datk ..recpt 5,rfic status.pt)
ping-data rec-ýctr...ptm=0;
sum_nmundjripjfme..ptr=0O.0;
sqrsum round-triptfimeptr=0.0;
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if (strstping~data -ec-ptr.'icmp-seq=") !=NULL)

rewind(traffic~status-ptr);
fgets(ping-data-ec-ptr,255,traffic-status-ptr);
while (strlen(ping-data-rec-.ptr) > 1)

ping-data rec-.ptrl0l=ND';
fgets(ping-data. ec ~.5.rfic statuspr)

if (strlen(ping data-rec-ptr) > 1)

round-trip-time-index~ptr[O]=NtY';
strcpy(round-trip-jime-jndex-ptr.strrchitping-data-rec-.ptr,'='));
index..ctr..ptr-- 1;
rowid tip~time-Sptr[OI=NO';
while (round-trip fmejindex...ptrtindexsctiiptrI >= '0'&&

round tip-time-index-ptr[indexsir-PtrJ <= '9')

round-triptime-sptr
[index__tr-ptr-lI =round~jriptýime index~ptr[index-ctr~ptrl;
index_ctrptr++;
I

round-trip- time -s ptr
[index ctr_ptr- I ]=V)';
roun-Lnip-time-ptr-
atof(round trp-times-ptr);
sum_ ond-irip-ime...ptr--
sum-round-tripjime...ptr +
round-tip-time-tr,
sqr-sum-roundtrip-timeptr -sqrýsum round trptimept
(round-:rp..jime-ptr * roundjtrip-time-pir);
pingAaa~rcc-trjptr++;

new-rec ptr=-(struct network-node_ratingjtecord *
malloc (sizeof(struct network-node-rating-record));
new-rec-ptr->next=NULL;

srpy(new-rec-ptr->network_ node-narne,network-node-ptr);
niew-rec~ptr->round~jrip,..ime mnean-value=
sum _Mund-trip-ime-ptr/(atof(count..S.ptr));
new -rec~ptr->round~tripjime-variance=
((atof(couns~ptr)*sqjrswn~round-fp-jime-ptr)-
(sumnround_.ptpime-ptr*sum round-trip-tixe-ptr))I
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(atof(couints.ptr)*(atof(c~ount-s..ptr)- 1.0));
new_rec pr>roundjtrip~jime_std_deviation=
sqrt((double) new-rc~ptr->round-..rip-time-variance);
ping-.data-jec-ptr[0]=NUY;
fgets(ping-datajrec-ptr,255.traffic status-ptr);
fgets(ping-dat~a-rec...t,5 trfic status-ptr);
if (strlen(pingjlatAjrec~ptr) > 0)

loss-.packet..percent-index-ptrl0j=\Y;
stcpy(Ioss-packet-percentjindex~ptr,strtr(ping-dazajec..ptr,"ved. ))
index-ctrpt--5;
while (loss..packet-percentindex...ptrfindex-ctr..ptrI >= '0'&&

lo-sspacket-percent -.ýex-pt[index~ctr~ptrJ <= '9')

losspacket..percen~s-ptrfindexsctr...ptr-5 ]
loss-packet-percent~index~ptrf index-ctjr-Ptr];
indexsctr..ptr++;

loss-packet-percents-ptrtindex-strptr-51=NLY;
new-rec-4nr->packet received-percent= 100.0-
atof(loss-packet-..percent-s..ptr);

fcose(traffic -status-ptr);
ping-cmdptr[01=\LY;

else

close(check traffic-statusjflle-ptr);

rrn-cmd-ptrfO]=V'i;
strcpy(rmsid~ptr,'rnn )
strcat(rm-cmd prtrfic ratingj~~t)
stra(nncmd...ptr,"/. ");
strcat(rn-cmn-pt~r,network-node-ptr);
strcat(rm ind-ptr,".tinp');
rm_cmd-pnr[stjrlen(rlnsmd-ptr)]=P;
system(rnnsmd..Ptr);
network_niode_traffic,_status_ratng(&head-rec-ptr.new-rec-ptr);

I
displaytrafic -status_rating(head-rec ptr~taffic-rating-path-ptr,

datagramnpackeLsize-sptr,coun-s-ptr);
fclose(networkjprofile~ptr);
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free(head__ecpt~r);
free(new..jec~ptr);
if (chdir(cur...pathWptr) = 1)

printf("\!!! Can not return to %s subdirectory !!!n\nM",cur-patluptr);

else
f
printf('\n*** Do you want to use another network profile W'");
printfC' to get another network traffic rating (Y/N) )
continueý-flag-.ptr--confinn continueG;

typedef struct networkinode-ratingjrecord *ne.twork-node ratingrecptr

/* This procedure will rate the traffic status of network nodes.
It will rate the network nodes' traffic status according to
the following conditions:
1. the packet received rate.
2. the variance and standard deviation of the traffic status. ~

network_nodeý_traffic;_status-rating(head rec_nntsr~new~rec-nntsr)

network node rating..rec-ptr *head-rec-nntsr,
network-node-ratingjrec~t nwrc-ntsr,

network-node_ratingj.ec~ptr inis_rec-nntsr;
network-node-rating-rec-ptr prev-jnsrec-nntsr,

ins-rec-nntsr--NULL;
prev-jns-rec-nntsr=-NULL;
if (*head rec-nntsr =-- NULL)

*head-rec-nntsr--new-rec-nntsr,

else

if (new rec_nntsr->packet received-percent >
(*head c_nnLtsr)->packet receivedpercent)
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new-rec-nntsr->next=*headFec-nnt -r,
*head_Fec_nntsr--newjrec-intsr,

else

if ((*headjrecjxntsr)>next = NULL)

if (newjrec - ntsr->packet received~percent=
(*head-rec-nntsr)->packeLreceived-percent)

if (new~rec .nntsr->roundjtrip~jime-yanance >=
(*headrýnntsr)->~round tiiptiineývaniance)

I
(*e4rprtr-nx-nwrcntr
I

else

new -rec -nntsr->next=-*headjrecjntsr,
*head_rec_nntsr--new_rec~nflri,

else

I

else

if ((new-recjintsr->packet received-percent=
(*headrecrnsr)->paket-received-percent) &&
(new-ec nntsr->rouncdtripjime~arianice <
(*headjrecýntr)..>zrJuIphjip time-variance))

new -rec_nntsr->next=*head-rev niflsr;
*head-rec-nntsr--new-revýnntsr-

I

ins-rec-nntsr--(*head-jevýnntsr)->next;
prevj- nsjec-nntsr--*head-rev-nntsr,
while (new-revnntsr->packet-receivedpercent <

insý_rec_nntsr->pavket~reveived~percent &&
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ins-rec-nntsr->next !=NULL)

inis-rec-nntsr--ins-rec-nntsr->next;
prevjins-ec-intsr=prev~insjrcjintsr->next;

while ((niew-recý-nntsr->packeL received-percent=
insý-recýnntsr->packet-received....percent) &&

(new rec_nntsr->round-tiipfime variance >=
ins~recjlntsr->round-tripj;ime variance) &&
ins-recc-nntsr->next != NULL)

inis_recý_ntsr--insý_rec_nntsr->nextý
prevjnrs recjnntsr=prevjinsý-rec_nntsr->niext;

if (insjrecjmtsr->packet received.perent =
new_rec..nntsr->packet receive&.percent)

I
if (newrec nntsr->roundjn_trim-ie-variance >=

ins-rec-nntsr->roundjtripjtime variance)

if (ins-rec_nntsr->next != NULL)

new_rec_nntsr--ins_rec_nntsr->next;

ins_rmc_nintsr->next7-new_rec..nntsr,

else

new precitsr->next--insryec nntsr:
prev~ins rcp_nntsr->next=new-rec-nntsr,

else
I
if (ins rec;nntsr->packetjeceived-percent >

new-ec nntsr->packetreceived-percent)

if (ins_rec_nntsr->next != NULL)

new..recjlntsr--insrecnnmtsr->niext;

inis rec nntsr->next=new recz nntsr:
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else
I
if (ins~rec_nntsr->packet-received-percent <

new_recp_ntsr->packet-ieceived.4,ercent)

new_rec_nntsr->next--mscrejintsr,
prev-insjrec~jitsr->nkextý-new-recý nntsir

/* This procedure will show the statistics report of the
network nodes' traffic status according to the decending order *

display-traffic--stamusj-ating(head-recjdtsr,trfficj-ating-pathdtsr,
datagram...packet~size~s~dtsr,count s-dtsr)

network node_rating~rec~.ptr headjrecý dtsr
char *traffic-ratingjpath itsr,
char *datgram..packet~size_sOtsr,
char *coujfLsýdtsr~

int recsctrdtsrrating-ndex...dtsr~
float packet receivedpercent~buf_dtsr,
float rou~ridApjime_variance_buf~dtsr,
char rating~sdtsr(7];
char packet received-percenLs...dtsr(71;
char roundtrip..tine_meani_value_s_dtsr[ 121;
char round -ip....time_variance...sOtsrt 19];
char roundjrUip-Sime-stdjeviation-s,-dtsr[ 121;
char packet received~percent buf~s_dtsrt34l;
char full_ýnetwork_nodeý_rating~filejniame...dtsrf256];
FILE *network_node rating:

rating-index-dtsr-- 1;
st.rcpy(fullnjetwoxk nodeý_r ing~file-name-dtsr,traffic rating-path-dtsr);
strcat(fill-network-node-rating-fle-name...dtsr,'f');
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strcat(fulJ network-node-rýng-file-namne dtsr." .network-rnode-rating.tmp');
network-node-ýrating=fopen(ful-network node_rating~file~name-dtsr,'w");
printfC'\n ***** Network Node Traffic Status Rating");
printfC' Report ****lA*\n~nr);

printff"packet size : %7s data bytes ",datagram...packet~size-s-tsr);
printf(" sample number: %6s times \nMn,count -s-dtsr);
printf(" received round-trip round-trip ")

printf(" round-trip network\,n");
printfC' rating packet time time
printf(" time \n");
printf(" percent mean-value variance
printf(" std-deviation node~n");
printfC'"------ ------------------------------
printfC'"------------- ---
rec-ct~r~dtsr=1I;
while (head_rec_dtsr->next != NULL)

packet received-percent-s-tsr40]=~'4Y
roundtriptiUme-mean_value...sjltsrf0]=*\O';
roundtrip..ievainedtsr[O]=V'-;
round-tripjime std-deviation-s,-dtsr[0]='%I;
if (head recý_dtsr->packet-received.4,ercent <= 70.0)

strcpy(packetjreceivec-percent-s-dtsr," *");
sprintf(packet received_percent buf s-dtsr,"%3.2f',

head~rec -ltsr->packet received~percent);
strcat(packetjreceived-percent s-dtsr,packet received percent bu-s~dtsr);
packet-received-percent s tsrtstrlen(packet-receivedrcn -s-dtsr)1=N\O';

else
I
sprintf(packet-received-percenLsjldtsr," %3.2f',

head..rec..dtsr->packet received-percent);

sprintf(round-trip~jtie...mean value-s-dtsr,'%7.3f',
head -rec -dtsr->roundtripjtime_mean-value);

sprintf(roundrýiptjime..yariance_s-dtsr,' % 14.3f',
head-rec-dtsr->roundji tip..time variance);

sprintf(roundtrp_.time-std deviation-s_dtsr," %7. 3f',
head_rec_dtsr->roundjxfipjtime-std-deviation);

if (rec_ctrjdtsr > 1)

if (head~rec-dtsr->packet-received-percent !
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packet~received.percent_buf~dtsr 11
head-rec-dtsr->roundjtriptinie..yaziance !
round-tiip-time.-van anecebuLdtsr)

rating-index...dtsr++;

sprint~f(ratingsjl-tsr,'%6d",ratingjindex..4tsr);
printfC' %6s %6s %IIs %18s % I3s %s\n",

ratings:ýdtsr,
packetjreceived-percent -s-dtsr,
round-tripjime-mean-value-s-dtsr,
round_tiipjime...arianceý_sý-dtsr,
round-trip-jime-.std-deviation-sdtsr,
head_rec_dtsr->network~nodejiame);

fprintf(network-node-raing," %6s %6s %lIlIs % 18s % 13s %s\aV',
rating-sj..tsr,
packet-received..perent s-dts,
round-trip-ime-nean-value-s.dtsr,
round~trip...time-yariance-s-dtsr.,
round-trip-fme-stddeviation-sjdtsr,
head-rec-dtsr->network-nodejiname);

packet-received percentjbuf dtsr--head_revý_dtsr->packet.receivedjpercent;
rounjripime ariance_buf~dtsr--head-recp_dtsr->roundJt p..jixe...arance;,

head_rev_dtsr--head_rev_dtsr->next;
recsctrýdtsr+i-;

packet received-percent...sdtsr[O]='%';
roundjffp~tneý_meav~alue..sýdtsr[O]=P;
roundo_tniptime~yaniance sdtsr[O]=V)';
roundjtripjuine..std_deviation~sýdtsr[0]='\4;
if (head-rec-dtsr->packet-received-percent <=- 70.0)

strcpy(packet-received-pervent s-dtsr,"*");
sprinf(packet..eceived-jpercent buf-s...dtsr,'%3.2f',

head-ecýdtsr->packet receivedpervent);
strcat(packetreceived-percent sdtsr,packetjeceivedLpercent bufý-sýdtsr);
packet reveived-pereenLs-dtsr[strlen(packetjeceived-percent s-dtsr)J=\*Y;

else

spnintf(packetjeceived-percent_s,-dtsr,"%3.2f',
head-rev-dtsr->packetjreceived-vercent);
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I
sprintf(roundjtrip-ýtime-mean-value-s-dtsr,"%7.3f',

head-recý_dtr->round~triptjimejnean~value);
sprintf(round~trip_time-varianceý_s_dtsr,'% 14.3f',

head_rec_dtsr->round..trip-Jime...vaniance);
sprintf(round-trip- time-std-deviation-.s-dtsr,' t%7.3t',

headec~dtsr->round_..trip--time stddeito;
if (rec ctr-dtsr > 1)
I
if (head_recý_dtsr->packetjeceived-percent !=packet received-percent~buf~dtsr 11

head-rec-dtsr->roundttnp..jime..yariance != nund-pip.,.tme-variance-buf dtsr)

I

sprintf(rating-sjitsr,"%6d",ratingjindex - tsr);
printf(" %6s %6s %lIlIs % 18s %1Us %s**n,1

rating-sdtsr,
packet received-percent.sýdtsr,
rounid..ripjtixe-mean_value_s-dtsr,
round -tfip-time-variance-sjltsr,
rounid-trp-jimestd-deviation~s.-dtc,-ý,
head_rec~tsr->netwoiic-nodeý-namne);

fprintf(network nodejrating," %6s %6s % I Is % 18s %1I3s %s\n",
rating..s..dtsr,
packetreceived-percent-sjltsr,
round~trip-time _mean_ývalue_s-dtsr,
round_.tripjtime _variance....sjtsr,
round -trip..jime std_deviation_sjitsr,
head-rec -dtsr->network-node-name);

fclose(network-node-rating);

I

struct traffic-ratingjrecords
I
char tiine[301;
char rating[6];
char received-packet...percent[71;
char round_trip~jime..mean-value[ 121;
char round~tripjtime-vari ance [ 191;
char round__triptime-std.j.eviation[ 12 1;
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struct traffic-rating-records *next;

typedef struct traffic...ratingjyecords
traffic-rating..rec;

struct long-tenn..raffic-rating-records

char network node[25 61;
struct, traffic_ atingjrecords *traficraig~pt,
Struct Iong-termjtrafficjating records *next;
1;

typedef struct long-term-traffic-rating-records long-termTr-afficjating jec;

/* This procedure will generate the 'long term traffic rating report' *I
profilejlong-terrn trafic-rating-report(profile nretwork node no~plttrr,

long-terrn traffic-ratingjtlejiame~pltirr)

nt, profile__network~node;_no~plttrr,
char *1ong-term traffic-rating-file.anae-plttrr,

lon&.term -traffic-rating rec: *head-nodejecpDlttrr,
long-term ~traffic-ratingjrec *til~node~rcc.plttrr
Iong-terin trafficjratingrec: *cur node rec-plttrr,
long-tenn itraffic-ratingjec *new-node-jecplttrr,
traffic-ratingjec *new_rec..plttrrn
traffic..jatingjrec *cur~jcplttr;
char tdmeouf~plttrr(301;
char rating..plttrr[6];
char received-packet-percent-plttrr[ 71;
char roundjtripirne meank_value~plttrrf 12];
char roundjtripjimie Variance~plttrr(191;
char round_ýrip time,_std-deviation..plttrr[ 12];
char network node~plturr[256J;

FILE 4'long~term trafficý_rting.plttrr

head-node rec~plttrr--NULL;
tail-node.jec-plttrr=NULL;
cur-node-rec-.pltrr-=NULL;
new-node~rec~pltrr-NULL;
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if ((Iong..termnjraffic rating..jttrr--
fopen(Iong-ternnsraffic-rating-fleianie-plttrr,"r"))

!-NULL)

time ,ufjIttrr[O]=V~';
fgets(time-buf~pittrrn255,long-tenn-traffic rating~plttrr);
fgets(time-bufplttrr,255,Iong-term..traffic-rating-plttrr);
time....buf-plttrr[strlen(timejbuLplttrr)- 1 ]=NOg;
for (loop-plttrr=-O;

Ioop-plttrr < profilejietwork-node-no-pittrrn
Ioop-plttrr++)

fscanf(long-term trafficjrating-plttrr,tt %s %s %s %s %s %s\n',
rating~plarr,
received-packet...percent-plttrr,
round_ýtrip~jime _meaný_valueý_plttrr,
round-trip-ýime-variance..plttrr,
round..jripj-ime std-deviation~plttir,
network-node...plttrr);

new recplttrn=-(stnict traffic-ratingjrecords *
malloc (sizeof(struct traffic-rating-j'ecords));
strcpy(new -rc-pItr->time,timeýbuf pltrr);
strcpy(new-ec-plttrr>rating,rating-plturr);
strcpy(newrec plurr->received-packet-percent,received-packet-percent-plttrr);
stcpy(new-rec-plttrr->roundjrip time_inean...alue,

round~tripjime _meani_vaiue~plttrr);
strcpy(new-rec-plttrr->roundjtrip-time_variance,round trip time variance phtt-r);
strcpy(new-rec-plttrr->round-triptime-std-deviation,

roun&..trip..sime std-devialion-plttfr);
new__ec~plttrr->next--NULL;
new node recjIlttrr=-(struct Iong-tenn traffic-rating-records *
malloc (sizeof(struct long_ ern-trafficratingrecords));
strcpy(new - odejrec-plttff->network-node,network node~plttrr);
new_node-rec-jihtrr->traffic-ratingpt--new recpu

new_node_rec...plurrf->next=NULL;
if (head&nodejrec...plttrr == NULL)

head-nodej- ec..pltutrrnew node-rec-plttrrn
tail-node-re4cplttri-new node-rec-plttrr

else

tail-node-rec-plttr->next=new node_rec-plttrrn
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tail-node-recprlttrr--new-node-rec~plttrr,

block-ctrzplttrr-- 1;
while (!feof(long~terin-trafficjrating-plttrr))

fgets(time -buf-plttrr,25S ,longtjermtnraffic rating~plttrr);
time-buf plttrrtstrlen(time~buf pIttrr)-1I]=\O';
for (loop-jpltrr=OWoop-plttrr < profile network-node-noý-plttrrloop-plttrr++)

fscarzf(long.Jern -traffi&.rating~plttrr,"%s %s %s %s %s %s\n",
rating..pltti,
received-packet-percent-plttrr,
roundjtripjime meani_valuejIlttrr,
roundjtrip-time-variance..plttrr,
roundjriptime stdideviationjplttrr,
network-node..jlttrr);

new rec4,lttr(struct trafficý rating..recrds,*
malloc (sizeof(struct traffic rating records)';
strcpy(new-rec-plttr->tiine,timeý-butplttrr);
strcpy(new-rec-plttrr.>.ating,rating-pittrr);
strpy(new-rec-plttrr->received-packet..percent,

received-packet~percent-plttrr);
stzpy(newj-ec..plttrr->mound~trip time_mean value,

round-trip~time-mean-valueplutrr);
strcpy(newjrec-plttrr->wound&Srip-time-variance,

round-tripj-ime variance-plttrr);
strcpy(newjecc.plttrr->round..jrip-timeý_std_deviation.

roundjtrip-jime std-deviation-plttrr);
newjrec~plttrr->next=NULL;
curý_node rec p --rrhead noeecphr
while (strmp(cur...node-rec~jplttrr->network _nodeiietwork~node-plttrr) ! 0 &&

curý_nodejrec-plttrr != tail_node_rc4,plttrr)
I
curý_nodejeptx cr noerecpldr->next;

cur rec;_p]ttrr--cur node-rec-pitt->traffic rating-ptr,
for (loop l-plttrr-- 1;Ioop I-plttrr < block-tr-plarrdoop, I-pttrr-+-t)

curjrec~plttrr-cur rec~plttrr->next;

curjrc~plttrr->next--new~rec~plttrr,

266



blocksctr...plttrr++;

displayjong-jermralingjreport(head_noderec-plttxr,tail-node-rec~plttrr);
free(head-node-rec-plttrr);
free(tail1-node~rec-plttrr);
free(new-node-rec-plttrr);
free(cur _node_rec~plttrr);

display-long-ternnjatingjreport(head~nodejrec-ltrrntail-node-rcc-dltrr)

Iong-term-traffic-rating-rec *headnode-rec-dltrrn
long-term traffic-ratingj'ec *tail_node_rec~dltrr,

Iong-temi traffic..ratingjrec *cur .node_rec_dltrr;
trafflic-rating-rec *ctj_rec_dltr-A;

cur-node-rec-dltrr--head-nodeý-rec-dltrr,
printf("\n ***** Long Term Network Node Traffic Status Rating");
printf(" Report *****"i\X");

while (curjinodejrec dltrr != tail_node-rec-dltrr)

cur-rec-dlt.-r-cur-node-rec-dltrr->trafficjyating-ptr,
printfQ'\n\n network node name: %s \nrn",curý-node-rec-dltrr-z'network-node);
printff' received 9)

printfC" round-trip round-trip round-trip\,n');
printfC' time rating packet )

printfC' time time time \n)
printfC' percent )

printfC' mean-value variance std-deviation\n");
printf( "------------------------------9---9)-----
printfC' ------ --------------- ------------- Nn)
while (cur rec_dltrr->next != NULL)

printf(" %30s %6s %8s %lls %18s %lls\n".
cur rec dltrr->time,
cur-rec-dltrr->rating,
cur-rec-dltrr->received-packet-percent,
cur-rec-dltrr->round-trip.jirne-mean-value,
cur rec_dltrr->round~trip..jime_variance,

267



cur_rec_dltrr->roundjtrip time~sixideviation);
cur-rec-dltrr--curý-rec-dltrr->next;

printff' %30s %6s %8s %Ils %18s %IlsNn",
cur-rec-dltrr->tinie,
cur-rec_dltrr->rating,
curý-rec-ditrr->received-packet-percent.
curý_reccdltrr->round - ripjtme_mean-value,
cur-_rec_dltrr->moud - riptimeyvariance,
cur-rec;_dltrr->round-triptjimeý-std-deviation);
cur-node-rec-dltrr--curý-node-rec~.dltrr->next;

printf('Nn\n network node name: %s \nfn",cur -node-rec_dltrr->network node);
printf(" received ");
printf(" round-trip round-trip round-trip\n");
printf(" time rating packet )

printfC' time time time Nn"f);
printfQ' percent )

pfrintfC' mean-value variance std-doviation~aV');
printfC'--------------------------------i---f);-----
printfC' ------ --------------- ------------- \n)
cur-rec-dlutrrcur_node-recjlltrr->trafficj'rating..ptr;
while (curý__ec...dltrr->next !=NULL)

printf(" %30s %6s %8s %lls %18s %lls\,n",
cur~rec_dltrr->time,
cur_rec_dltrr->rating,
cur-rec dltrr->receive*dLpacket-percent,
curý_rec_dltrr->round - trip-jime-mean_value,
cur_rec_dltff->roundtriptjime-vaniance,
cur -recý_dltrr->round_..tiip-jimeý-std_deviation);

cur-rec-ditrr--curý-rec_OluTr->next;

printf(" %30s %6s %8s %lls %18s %lls\n",
cur-rec-ditrr->time,
cur_revcdltrr->rating,
curý_rc-dltrr->received~packetpexrcent,
cur._recz_dltrr->round_+rip....imejnean-value,
cur-rec-dltrr->round_tripAthne~variance.
cur-rec_dltrr->round_tripjime~std-deviation);
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/* This procedure will let users select the maintenance function
of network profiles *

networkprofile-maintain()

A mt opt-fun-npm,exitflag..npm;
char cur-pathunpm[256] ,network proti le..path..npm [2561;

opt-fun npm=O;,
exit-flaggipm=-O;
while ((opt_ un-npm < 1) 11 (optjwunnpm > 4) 11 (exit-fag-npm ==0))

cu~r-.pathunpm[01=NDY;
n-etwork-profile-.path..npm [01='\Y;
opLfun-.npm=display-profile maintenance_menuO;
if (optfLfuxunpm < I It optjfun-npm > 4)

printfC'!!! network profile maintenance function selection is error!! n)

else

switch(opt~funjnpm)

case I
get network-profile-path(curpth-npm~networkprHie .p~npm.I)-.
if (strien(cur..pathnpm) >= I && strlen(network-prftie-path-npm) >= 1)

add-network-profileo;
if (chdir~cur-Path~npm) 1=-)

printf('\n!!! Can not return to %s subdirectory !! n\ft',cur-path~npm):

else

printfC`ýn !!! Please check the current directory ! \n");

break;

case 2:
gec-network-pmofile-path(cur-path~npm,

network-profile-patlunpm, 1):
if (strlen(cur-path--npm) >= I && strlen(network-profile-path-npm) >= 1)
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delete_ýnetwork _profileo;
if (chdir(cur-path-.npm) ---1)

print~fQNn!!! Can not return to subdirectory !! !%s ",cur-pdtbnpm),

else

printfC'n !!! Please check the current directory !!\Ni");

break;

case 3 :
get network-profile-path(cur-palh-npm~networkprHiepahnpm. 1);
if (strien(cur~patfr~npm) >= 1 k-& strien(network-profile-path-rnpm) >= 1)

update-network-profileO;
if (chdir(cur~jpatt&.npm) = 1)

printfC"\n!!! Can not return to %s subdirectory !!!\n\n",cur-path-npm);

else

printf("'\n !!! Please check the current directory W'!\n);

break;

case 4:
printfC'\n Do you really want to exit ? (Y/N) )

exit_flag-npni=confirln-continueG;
break;

default :
printf('"WHi Network profile maintenarnice function selection is error !!\n");
break;

printff'\nfn!!!!! Exit the Network Profile Maintenance )

getcharo;
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1* This function will display the profile maintenance menu,
let users select the profile mantenance function *

int display-profile- maintenancejnmenu()

int opt-fun-dpmm;

pnintf('\n~nM «<<<< Network Profile Maintain");
printf(" >>>> \ii'n");
printf(" 1. Add a network profile \nxW';
printf(" ?. Delete a network profile \njn);
printf(" 3. Update a network profile \Njn);
printfC" 4. Exit W\niz");
printf(' Please select one function (1-4)=»';
scanfQ' %d",&opt-fun~dpmm);
getcharo;
printf(W'N');
return opt-fln~dpmm;

/* This procedure will return the current path and the network
profile path

get-network-profile-pah(cur-pathgnpp,network-profile-path-gnpp,proc-id.gnpp)

char *cur-path-gnpp;
char *network-profile-pathgrpp;
int procjid-gnpp;

int create-profile subdirecwory-gnpp;
char mkdirý_cmd...gnpp[2561;

create-profile-subdirectory-gnpp=O;
if (getcwd(cur~patW..gnpp,255) =-- NULL)

printf('\n !!! Can not get the current directory W'!\n);

else
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network-prfile..pathgZnpp[Oj=VI;
strcpy(networkprofile-paxfr-gnpp,cur-path-gnpp);
switch(proc-id-gnpp)

case 1:
str1a(network-profile-path.gnpp,"/profile'");
break;

case 2 :
strcat(network-profile-path....gpp."/traffic...statistics");
break;

case 3 :
strcat(network~profilepadtgnpp,'Vtrafficj-aing");
break;

default :
printf('!!! The subdirectory is not changed H!!IV");
break;

network .proflle-pathnp~pf strlen(ne~twork-profJe-path-gnpp)]=\O';
if (chdir(network-pofile-path-gnpp) == l1)

printf("\n !!! Can not change the %s subdirectory ! \n",networkprofile-path..gnpp);
printf("*** Do you want to create the )
switch(procjid-gnpp)

case I:
printfC ..profile' )

break;

case 2 :
printf("'traffic_statistics' ");
break;

case 3 :
printf("'traffic-rating'")
break;

default :
break;
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printfC'subdirectory ===> (YEN) ");
createjprofile-subdirectory-gnpp=conf inn .continueo;
if (create~proflle subdirectory-gnpp = 1)

mkdirý_cmd-gnpptOl=NO';
strcpy(mkdirscm&.gnpp,"mkdir")
strca(mkdirs-mdgnpp,networkprofile-.path-gnpp);
mkdir-cmndgnpptstrlen(mkdirs-md..gnpp)I=NY;
if (systern(mkdir cmdgnpp) =256)

printfC'!!! Please check the %s subdirectory ! ! Ni'network-profile...path-gnpp);

I

printf("!!! Please check the %s subdirectory ! ! .N,network-profile-path&.gnpp);

I

char rietwork-profile-name_anpf45l;
char network..node-anp[256 ,tmpnode~anpt256l;
int profile-check-flag-anp,confirm-flag-anp;
irn continue-flag-anp~check-special-char-flag-anp;
long inaddr-anp;
FILE *networkprofile-ap;,

continue -fag-anp- 1;
profile check_flag...anp=O;
network~rofile~ana e-anpfOI=VO;
networknode...anptOI=VO';
ttnp-node-anp[O1=VO';
while (continue_flag~anp == 1)

check-special-charý-flag..anp= 1;
while (check-special-charjilag~anp ==1)
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plintf(l'n*** Please input a file name for a new network profile ===> \,n ;

scanfC"%s",network-.pofile nameý-anp);
getcharQ;
printf("\n!!! Check profile name, please wait H N !n");
if (strchr(network~profi le-name-anp,'-) !=NULL)

check -special-char-flag-anp= 1;
printf("!!! New network profile name contains )
printf("the '-'special character H!!Nn");
printf("!! please input another network profile name !!)

else

check-special-char-flag-anp=O;

profile check flag-anp=check -networkprfl ntokroiHe inmeanp)

confirmjflag...anp=O;
switch (profilesheckiflag,_.anp)

case 0:
printfC'Nn*** Do you want to create this network )
printf("profile :%s (Y/N) ',network~profile~jiame-a ifp)
confirm -flag-anp=confirm -continueO;
if (confirm flag-anp =- 1)

printf("!!! %s network profile add is proceeding
!\n\n",network profile name anp)

network-profile -anp=fopen(network profile_ naneý_anp,"w");
printf('*** Please input the symbolic name/fl' address of a network node

printfC"!!! Please type <exit> or <quit> to )
printf("end network node input H ! M\f");
network-node anp[01=\O';
while (strcmp(network node-anp,"exit") !=0 &&

strcinp(network node_anp,"quit") !0)

printf("add profile record > )

scanf("%s",network node_anp);
getcharQ;
printfQ"\n");
if (strcmp(network-node-anp,'exit' t ) !0 &&

strcmp(networkjiode..anp,' quit") !=0)
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strcpy(mp-node-anp,network -node-anp);
check-networknode(tmp~node-anp,network-profile name~anp,

&confirmjflag~anp);
if (confirmn_flag-anp == 1)

fprintf(network-profileýanp,' %s~n",network-node anp);
pruflf("\N!! %s is written into ",netwowic-node~anp);
pnintf('the %s file ",network-profile name-anp);
pnintf(' H Nn');

else

pnintf(trNn!!! %s won't be written ",network-node-anp);
pnintf("into the %s file",network.profile name-anp);
pnintf(" H! Nn");

fcose(network-profile-anp);
break;

case I1:
printfC'!!! Network profile: %s has existed !"!",network-profile name-anp);
break;

case 2 :
printf(l!! Network profile : %s is error, ",network-profile-nane-anp);
printfC'Please check it H!n"-
break;

default :
break;

printf('\n*** Do you want to add another network profile (YIN) ;
continue-flag .apcnirmcnn iuO

I" This procedure will let users delete the network profile
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which is selected by the users *
delete-network-profile()

char network-.profile-name-dnip[45 ],dummyfjile..size..dnpf I);
char delete-file cirnd-dnpf256];
FILE *del-network-profile.Inp;
int confinnjflag...dnp,continuejflag-dnp;

networkprofilejiamejinpt01=NLY';
dummy file.size_dnp(O1='\Y;
delete-file_cmd-dnp[OI=VO;
confi flag dnp=0,
continue-fag-dnp=l;
while (continue-flag~dnp == 1)

I
system("ls -1 * > file.tmp");
printf(N\n*** Network profile listing **lAj\njj");

file-selection(network...profile -nameý-dnp,dummyjfilesizejldnp.2);
if (strlen(network omfilejiamnednp) ý=0)
I
printf("\n!! Exit network profile delete function H ! Nn");
continue-flagjlnp=0;

else

prilflf("\I,,*** Do you want to browse the %s network ",network-profile name-dnp);
printf(" profile W'");
printf('" to make sure it is correct one ==> (YIN)')
confirnnjlagjlnp=confimi continueo;
if (confirm_flag..dnp, - 1)
I
del-network-profile...dnp=fopen(network-profile name-dinp,'r");
browse--network~profile(delnretwork-profilejldnp);
fclose(del-network..profileýdnp);

p14.ntf('%i*** Do you really want to delete this network )

printf(" profile: %s =>(YIN) ",network-profile name-dnp);
confunnjlag-dnp=confirm- continueO;
if (confirm flag.dnip = 1)

strcpy(deletej-ile...cmd-dnp,'rm')
strcat(delete-file-coid-dnp~networkprofilepanae-dnp);
system(delete file-cmd~jnp);
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printf("!!! %s network profile has been deleted !!rni".network-profile-name-dnp);

else

printfC"!!! %s network profile is not deleted !! !Nn',network-profile-nazne-dnp);

printfC"\n*** Do you want to delete another network profile (YIN) )

continuejflag-dnp=confimin-continueo;

update-networkprofile()

char network-profile name-unp[451,dunmyjfile-size-unp[ 11;
char updateffile-cmdjinp(2561;
char networknode-unpf256l,tmpnoode-unp[2561;
int network_nodeý_ctrjiunp,loop unp,optfun-unp;
int confirmjflag~unp,exit-fiagunp,continuejflag-..unp;
MILE *update -network-profile unp;

networkprofile-name-.unp[OI=V0;
dummy_file--size_unp[O]=WO;
network-node_Anp[O]=YO';
tmnpnodejinp[Oj=NO';
confirin-fagjinp=O;
exit-fiagjznip=O;
continue-flag-unp= 1;
while (continue tlag-unp 1)

printff"\n*** Network profile listing ***I\n\,n');
system("ls -1 * > file.tmp");
file_selection(network4,rofile -name,-unp~dummyfileýsizeý_unp,2);
if (stulen(network-profile-name-inp) > 0)

printfC'\n*** Do you really want to update this network )

printf("profile :%s ==> (YIN) ',network~profile name_unp);
confifrm-flag ipcnirm continueQ;
if (confinin_flag unp = 1)

if ((updatejietworkprofilejinp=
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fopen(netwoik-profile-name-unpr"e)) == NULL)
I
printf("!!! Can no3t open the network profile: %s",network-profile-name-imp);

I
else

while ((opftiun...unp < 1) 11 (optjuiununp > 4) 11 (exitjflag..unp ==0))

ptrintf("\jI*** Update function ***Onn");
printf('t 1. Add a network node Nn");
printfC' 2. Delete a network node Nvi");
printf(" 3. Update a network node Nn");
printfC' 4. Exit \nqn");
printfC' Please select one function (1 -4) ==>>")
scanf("%d t ',&optfunjinp);
getcharo;
printf("\a");
switch(opt-fun-unp)

case I:
update -networkýpmofile...unp=fopen(nietwork-prfile name-unp,"a"');
continueiflag...unp=1;
while (continuejflag~unp =- 1)

I
printf('%if*** Please input symbolic printf("name/[P address of a new )

printfC'network node ===> ");
scanfC'%s" network..node-unp);
getcharO;
strcpy(tmpjiode-up,network-node unp);
check_network-node
(tmp-iode-inpjnetworkprofileji-ame-unp,
&confirm-flag-unp);
if (confirnuflagjznip == 1)

fprintf(update-network-profile..unp,
"%sW'.zi"etworkjiode-.unp):

printf("!!! %s is written into ",networkjiode-imp);
printf("the %s file H! !",network-profile-name...unp);
I

else

printfC !!! %s won't be written ",nietworkjiode~unp);
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printfC'into the %s file H! !\n".network-profile namne_unp);

prjntf('\n*** Do you want to add another network node (YIN) )
continue-flag-unp=confirnn continueo;

fclose(update network-profile-unp);
break;

case 2 :
delete-or-update npetworkjiode(network-profile-name-unp,l1);
break;

case 3 :
delet..orý_update network...node(network~profile-namne-unp,2);
break;

case 4:
printf('7\n Do you really want to exit ? (YIN) )
exit-flag-unp=confirm -continueO;
break;

default :
pnintf("'\n Function selection is error, please check it !!\n");
break,

else

printf(IN! %s network profile is not updated !!r\,n",network-profile-name-unp);

printf("\,n*** Do you want to update another network profile (Y/IN) )
continue flag~unp=confirm __continueo;
I

else

printf("\n!!! REit network profile update function");
printfC' H M \");
continue flag-unp=O;
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/* This function will check the network profiles in the -/profile
subdirectory. If the profile has existed in the subdirectory,
then this function will return I to the caller procedure.
Otherwise, it will return 0 to the caller procedure.

int check-network-profile(network~profile namne-cnp)

char *network-profile namne-cnp;

char check -crnd-cnp[256];
int check-filesnp,profile~statj-esscnp;
struct stat profile_stat~cnp;

strcpy(check cmd-enp,t'ls -la * I grep )
strcat(check cmd~cnp,network-profile-name...cnp);
strcat(check_cmd-cnp," > checkprofile.Unp");
check-cmd-cnp[strlen(checkcsmd~cnp)I=VY;
system(checkscmdscnp);
check-filesnrp=open("check-profile.tmp' ,QRDONLY);
if (check-file-cnp == -1)

printfC"\n !!! Can not open the file :checicProfile.tmnp ! !N!n");
close(check-filescnp);

else
I
profile-stat-resý-cnp=fstat(check -file cnp, &profile stat-cnp);
if (profile stat-res-snp == 0)

if (profile-stat~cnp.st~size == 0)

system( trmn check~profile.trnp");
close(checkjllescnp);
return 0;

else
I
system("un check~profile.timp");
close(check-filescnp);
return 1;
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else

system('rm check~proftle.minp");
close(check~filescnp);
return 2;

I* This procedure will check the network node nanie/IP address
and ask users to confirm the new network node add
when the nanie/IP address may be emrror

check_network-node(network node-cnn~network-profile nane-cnn,
confirmj-lagsnn)

char *network-nodescnn;
char *network profile namesnrn;
int *copnfirmflfag-cnlV

long inaddrsnrn;
stnict hostent *dljwfy-ptr -cnn;
1* this is a dummy variable for the convert.-host-name-to-address

procedure and convert-host-address_informnation procedure
in this procedure. *

if ((inaddr-cnn = inet-addr(network_node~cnn)) == INADDR NONE)

convert-host-namne-to-addre~ss(network-node-cnn.&dummy-ptrsCnn);

else

convert_host~address_information(network-node_cnn,&dummnyptrýcnn);

if (strlen(network-ýnode-cnn) = 0)

printffl!!! Network host name/address may not exist H! !\nrn);
printf("*** Do you want to add it into ");
printf('the %s network profile ===> (YIN) ",networkprofile-namne-cnn);,
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*confjrmflagscnn--confirmscontinueQ;

else

*confirflag-cnn= I;

struct network-node-record

char data[256];
struct. network~node_record *next;

typedef struct. network-node-record network..nodej'ec;

f* This procedure will let users delete a record or
update a record from the network profile ~

delete-or-update-network-node(netwodc-profile~namejlounn,procidjiounn)

char *network-profile name-dounn;
int proc-jd-dounn;

char update-network node-dounn[256Lhtnp...odeslounn[256];
char new-rec-bufdounn[256];
hit, confirm -flag-dounn,continue-flag-dounr;
int network- node-ctrý-dounn,loop-dounn~write-ctr-dounn;
int updatejietwork node_no~dowm,updatrc-flaga ounn;
FILE *updatenretwork-profile-doupai.
network-node-rec *new-rec- ptrjldounn,*tip-rec-ptr-dounn;
network_node~rec *headptr-dounn,*tdptr~dojwji;
network--node-ýrec *utrcprdun

confirmjflagjdounn=O;
continuejflag-dourm= I;
while (continue-jlag-dounn = 1)

new~recptr~dounn--NIJLL;
head~ptrjlounn--NULL;
tail~ptr.Aounn=N1JLL;
up~reccptr~doufln=NULL;
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update-networkproicedourm=
fopen(networkprofile~namnedounn,"r'):,
printf('*** list the network nodes in the %s ** \,n'networ-kprofile-namne-dounn);,
network_node_ýctr_dounn= 1;-
while (!feof(update network-.profile-dounn))

new_rec_buLdounn1OI='4Y;
fgets(new-rec-buf-dounn,255.

update-network-pmfile-dounn);
if (strlen(new_rec_buf-dounn) > 0)

new rec-ptr dounn=(struct network_node_record *) malloc
(sizeof(struct network-node-record)):

new_rec~buf dounn[strlen(new rec_buf -dounn)J=Nf)';
strcpy(new-rec-ptrdounn->data~new rec_buf-dounn);
new rec~ptr_dounn->next--NULL;,
if (head~ptrý_ounn == NULL)

head-ptr-.dounn--new-rec-ptr-dounn;

else

if (head-ptr-dounn->next == NULL)

head-ptr dounn->next-new-rec~ptr~dounn,

else

tail ptr~dounn->next--new rec-ptr-dounn;

taiL-ptrdounn--new rec~ptrjiounn;
printf(" %d. ",network -node_ctrdounn);
printfQ"%s'.new-rec-ptr...dounn->data);
network.ýnode_ctrý_dounn++;

fclose(update~networkprofile dounn),
printf("\,n\n");,
printfC" Please select one network node.<%d> to exit ===>

".network_node_ctr~dounn);
update network-node-no-dounn=-O;
while (updatejietwork_node_.no_dounn > network-node-ctr-dounn
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It update -network-node-ýnojdounn < I
11 network-node-ctr-dounn == 0)

scanff %d",&update-network-node_no-dounn);
getcharo;
if ((update network-node-no-dounn > network-node-ctr-dounn)

11 (update-network-node-no-dounn < 1))

printf('!!! Network node selection is error !! !\
printf(N\n Please select one again ===> )

if (update network-node_nojdounn < network-node_dcr-dounn)

if (proc-idjdounn == 2)

update-network nodejiounn[0I=V'\;;
pnrintf("*** Please input the new network node to update =")

scanfC %s",update network-nodejlounn);
getcharo;
printf("\n");
stjcpy(tmp-node-douri.i.;pdslte network-node-dounn);
check-network-node(txnpnode dounn.network-profile-name-dounn,

&confirmnflag.Aounn);
if (confirm-flag-dounr == 1)

printf("!!! %s is written into ",updatejietwork node-dounn);
printfC'the %s file H ! \n",network..profile-nameý_dounn);
update-jecfl ag-Oounn-- 1;

else

printf("!!! %s won't be written into ",update-network-node-dounn);
printf("the %s file H!!",

network-prfile name-dounn);update-rec-flag-dounn=0;

update-network node-dounn~strlen(update-network-node-dounn)I='\Y;-

if (update-network-node_no._dounn -1)

if (proc -id-dounn == 1)

head-ptrdounn-head~ptr...dounn->next;
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else

if (proc-id-dounn == 2)

head~ptr_dounn->data[OJ=\IY;
strcpy(head-ptrjlounn->data.update~network-node dounn);
head..ptr dounn->data[strlen(head-ptr...dounn->data) I

else

upt-rec-ptr -dGcnn~head.ptrdounn;
for (loop~dounn=2; loop-dounn<update-network-node-no-dounn; Ioop-dounn++)

upt rectr dounn-upt-recpt on->next

if (proc-iddounn == 1)

if (uptrec~ptrjounn->next == tail~ptrjlounn)
I
uptrc~ptr~dounn->next == NULL;
tailptrý-ounn=upt-rec-ptr-dounn;

else

mpeýc-ptrý-ounn--(upt-c-ptr-dounn->next);
upt-ec-ptr-dounn->next-(tmp~rcjtrdounn->'next);

else

if (procjddounn =2 && update rec_flagjlounn ==1)

(uptjrec~ptrdounn->next)->data[O]='\O';
strcpy((upt~rc~ptrdounn->next)->data,updatenetwork-node-Aounn);
(uptjrc~ptrýdounn->next)->data
[strlen((uptjrec~ptr dounn->next)->dala)J=%'\O'
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update-network-pmofi le-dounn=fopen(networkpf He name dounn,"w');
write-ctr-dounn= 1;
while (head-ptr-dounn != tail-ptrjlounn)

if (write~ctr-dounn == updatejietwork-node-no-dounn && pmoc-id-dounn -2)

fpritf(update-network..jrtl don~%~"haprýdu->data)

else

fprintf(update-networkprofile-dounn,"%s',head-ptr-dounn->data);

head-ptr-dounn=head-ptrjiounn->next;
write_ctr-dounn++;
I

fprintf(update-network-profile-iounn,2%s'.t~aii-ptrý-dounn->data);
fclose(update network-profile~dounn);

I

if (update-network-node-no-dounn = network-node_ctr-dounn)
I
printf("\n!!! Exit, no network node be selected !~!.Nn");

free(head-ptr I ounn);
free(tail-ptrdounn);
free(upt-rec-ptr~dounn);
free(newj-ec~ptrjlounn);
if (proc -id -dounn == 1)

printf("\n*** Do you want to delete another")
printf("network node (YIN) )

else

if (procjd-dourn == 2)

prin.tf"\,n*** Do you want to update another network node (YIN) )

continuej-lag-dounn--conlfirm -continueo;
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APPENDIX D - SOURCE CODE OF FILE TRANSFER SIMULATION SERVER
PROGRAM USING UNIX DOMAIN STREAM PROTOCOL(TCP)

#include <stdio.h>
#include <'qys/types.h>
#include <sys/socketh>
#include <Iusrlsyslnetinet/in.h>
#include <arpa/inet.h>
#include <sys/time.h>

#define SERVTCPPORT 7003
#define MAXMESG 1024

char *pnanle;

/* Example of server using TCP protocol *

main(argc. argv)
int argc;
char *argv[];

int sockfd,newsockfd,clilen,childpid;
struct sockadldr in serv adr, cli addr,

pnaxne = argv[0I;

/* Open a TCP socket (an Internet stream socket). *
if ((sockfd = socket(AFINET,SQCK STREAM,0)) < 0)

printfC' server: can't open datagrain socket W'");

/* Bind our local address so that the client can send to us
bzero((char *) &serv addr, sizeof(serv-addr));
serv-addr.sin-family = AFJINET;
serv-addr.sin-addr.s-addr = htoril(INADDRANY);
serv-addr.sin port = htons(SERVTCP PORT);
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if (bind(sockfd, (struct sockaddr *)&serv_addr, sizeof(serv addr)) < 0)

printf("server : can't bind local address \n");

listen(sockfd. 5);

for(;;)

/* Wait for a connection from a client process. ~
newsockfd = accept(sockfd , (struct sockaddr *) &cli-addr, &clilen);
if (newsockfd < 0)

printf(" server: accept error");

str-echo(newsockfd);
close(newsockfd);

/* This procedure will receive FTP data from client and send
a response message to client. During file transfering, it
will compute the FTP time data. Finishing file transfering.
it will send these information to the client

strý echo(sockfd)

mnt sockfd;

int n, clilen;
long file l,file ILr
char mesg[MAXMESG+ I];
FILE *out file;
char file 1en1341,file name[451;
struct tirneval at-tme-v,endtimev,ftpwithio-v,ftp-without-io-v;
struct timeval disk io time- v,tflag Iv~t flag2-v,t-flag3-v,t flag4-v;

* ~struct timezone start time z,end tie z,ftp~withioz,ftpwihot0j

struct timezone disk-io-time-z~t-flagi-z,tjlag2-z,t-fag3-z,t-fag-4j;
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char ftpwithjiosec(341,ftp_with_io-usec[341;,
char ftp~withoutjo~sec[34] .ftp~withoutrjo-usec[ 34J;
char disk_10_timesec[341,disk_ioý_time-usec[341;
char tirnehjourt341;
long startjtime,endjtime;
int recno;

recno=0;

file_1=0;,
file I r=O0;
file-lenlOI=N'0;
ftp~with_io_v.tv-sec=0;
ftp~with-io_v.tv-usec=0;
ftp-wiffiout-io-v.tv-sec=O0;
ftp...without-io-v.tv-usec=0;
disk-io-time-v.tv-sec=0;
disk_io__timne-V.tvjisec=O;
while (filej. < 1)

I
n=read(sockfd, file-lern, 34);
if (n < 0)

printf("str-echo : file length read errorWn");

else if (write(sockfd, filejen. n) !=n)

printf("str-echo: file length write error \n');

file_-I=atol(file -len);

/* read the file name from client *
n=read(sockfd, file~name, 45);
if (n < 0)

printf("str~echo : file name read error\n");

else

if (write(sockfd, file-name, n) != n)

printf("str-echo : file name write error\n");
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file_namein] ='\'
if ((out-tile = fopen(file~jiarew")) == NULL)

printf("Can not open the %s file \n',file-name);

else

time(& start-time);
printf('Connect time is : %ld %s \,n",startjtime,ctime(&start time));
gettixneofday(&start-tme-v,&start-time-z);
printfC'Start time: sec %Id, usec %ld \n",

start_time_v.tv-sec,start~time-v.tv_usec);
while (f iclc > 0)

gettimeofday(&t -lag lv,&t -flag IL-z);
n=read(sockfd, rnesg, MAXMESG);
if (n <= 0)
I
printf("stx-echo : read error\n");

else

mesgiln)
gettimeofday(&t -flag2-v,&t -flag2_z);
fwrite(mesg, sizeof(char), n, out-file);
gettimeofday(&tjflag3-v,&t-flag3-z);

if (write(sockfd, mesg, n) != n)

printf("str-echo : write error\,n");

gettimeofday(&t-flag4-v,&t-fag4_z);
file-l=file_I-n;
file I r--file~lr+n;
tvsub(&t-flag4_v,&t -flag3_v);
tvsub(&tjflag3vy,&tLflag2..y);
tvsub(&tjlag2_v,&tjflag I v);
tvadd(&disk io-time-v,&t_flag3_y);
tvadd(&ftp ýwith_io_v,&tjflag2_v);
tvadd(&ftp_ with_io_v,&tflag3_v);
tvadd(&ftp with_io-V,&t-flag4_v);
tvadd(&ftp without-io~v,&tLflag2yv);
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tvadd(&ftp without-iovy,&t~fag4_v);

gettimeofday(&end-timey-,&end-time-z);
printf("End time :sec %Iod, usec %Id \nl",

end-time-v.tv-sec~end-time-v.tv-usec);
fclose(out-file);
time(&end time);
printf("Disconnect time is: %ld %s\n".end_time,ctime(&end time));
sprintf(time -hour,"% Id" ,endjtime);
sprintf(ftp-with jo-sec.'%ld",ftp with-io-v.tv-sec);
sprintf(ftp-with io-usec,"%ld",ftp-with-io-v.tvjisec);
spint~f(ftp-without -ioý-sec,'%1d',ftp~withoutjio .v.tv_sec);
sprnnrf(ftp-without io-usec,"%Id",ftp~without-io_v.tv_usec);
sprintf(diskjio time_sec,"%ld',disk_io_time_v.tv~sec);
sprintf(diskjo time-usec,"%Id'.disk-io-time v.tv-usec);
sprintf(filejlen,'%ld",fileilr);
printf("File transfer time with disk 1/0 is %s sec %s mirco sec\n".

ftp-with -io -sec~ftp-withjo-usec);
printf(File transfer time without disk 1/0 is %s sec %s mirco sec\n.r'

ftp- without_io-sec,ftp_ýwithoutio-usec);
printfQ'Disk 1/0 time is %s sec %s mirco sec\n",

disk-io time sec,disk-io-time usec);
n=strlen(time hour);
if (write(sockfd, timne hour, n) != n)

printf("str echo : time-hour write error \n");

else if (read(sockfd, time hour. n) != n)

printf("str-echo : time_hour read error \n");

n=strlen(ftp~with-io-sec);
if (write(sockfd, ftp_ with io sec, n) != n)

printf("str-echo : ftp..with-io-sec write error W'");

else if (read(sockfd, ftpwith-io_sec, n) != n)

printf("str-echo : ftp-withio-sec read error\n");

n=strlen(ftp..with io-usec).;
if (write(sockfd, ftp...with-io-usec, n) != n)
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printf("str-echo : ftp-with-io-usec sendto error \no");

else if (read(sockfd, ftp-with-io-usec. ii) !=n)

printf("str-echo : ftp-with-io-usec read error \n");

n=strlen(ftp~without-io-sec);
if (write(sockfd, ftp-withoutio-sec. n) != n)

printf("str-echo : ftp-without io-sec write emrrorn");,

else if (read(sockfd. ftp-.without-io-sec, n) != n)

printf('strzecho :ftp-without-io-sec read error\n');

n=strlen(ftp-without-io-usec);
if (write(sockfd. ftp-without-io_usec, n) != n)

printf("strsecho : ftp-.without-io-usec sendto error \n");

else if (read(sockfd, ftp-without-io-usec, n) != n)

printf('str-echo : ftp-without-io-usec read error no');

n--strlen(fi le~len);
if (write(sockfd, filejlen. n) !=n)

printf("str..echo : file-len sendto error\n");

else if (read(sockfd, filejlen, n) != n)

printff'str-echo :filejlen read error Nn');

J* Subtract 2 timeval structs: out--out-in.
Out is assumed tobe >=in. *

tvsub(out,in)
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register struct timi-val *out,*in;

if ((out->tv-usec -~ in->tv~usec) < 0)

out->tv-sec--;
out->tv-usec += 1000000;

out->tv-sec -in-tv-sec;

/* Add 2 tirueval structs: out=out+in. ~

tvadd(out,in)

register struct timeval *out,*tfl;

if ((out->tv-usec += in-tv~usec) >= 1000000)

out->tvs-ec++;
out->tv-usec -= 1000000;

out->tv-sec += in-tv-sec;
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APPENDIX E - SOURCE CODE OF FILE TRANSFER SIMULATION SERVER
PROGRAM USING UNIX DOMAIN DATTGRAM PROTOCOL(UDP)

#include <stdio.h>
#include <sys/types.h>
#include <sys/socket.h>
#include </usr/sys/netinet/in.h>
#include <arpa/inet.h>
#include <sys/time.h>

#define SERVUDPPORT 7102
#define MAXMESG 4096

char *pname;

/* Example of server using UDP protocol */

main(argc, argv)
int argc;
char *argv[1;

I
int sockfd;
struct sockaddrin servaddr 211_addr;

pname = argv[01;

/* Open a UDP socket (an Intermet datagram socket). */

if ((sockfd = socket(AFINETSOCK_DGRAM,0)) < 0)

printf("server: can't open datagram socket Nn");

else

/* Bind our local address so that the client
can send to us */

bzero((char *) &serv-addr, sizeof(servaddr));
servaddr.sirifamily = AF_INET;
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serv-addr.sin-addr.s-addr = htoni(INAD)R-ANY);
servaddr.siii..port = htors(SERV_U)PPPORT);
if (bind(sockfd, (struct sockaddr *) &serv-,addr,

sizeof(serv-addr)) < 0)

printf("scrver : can't bind local address \n");

else

printfQ'finish UDP socket open \n");
for (;;

I
df'zecho(sockfd. (struct sockaddr *)&cli~addr,

sizeof(cliaddr));

1* dg...echo *

dg~echo(sockfd, pcli-addr, maxclilen)

nt, sockfd;
struct sockaddr *pcILaddi., /* ptr to appropriate sockaddrXX structure ~
int maxcljien; 1* sizeof(*pcliiaddr) ~

int n, cliten;,
long file-l~filej...r:
char mesg[MAXMESGI;
FILE *otfie
char filejlen[341,filename[451b
struct timeval start timne v,end time v,ftp with io-v,ftp-without_io_v;
struct timeval disk-io-time-v,t -flagI v,t -flag2..~t-flag3-.y~t flag4_v;
struct timezone start_time_z,end_time-z,ftp-with io-z,ftp-ýwithout-io-z;
struct. timezone disk-io-time z,t flag I z.tflag2jz,tflag3_z,t-flag4ýz;
char time-hourf 34];
char ftp-witfrjo~sec[34l,ftp with_io-usect34I;
char ftp~withoutio-sect 34),ftp...withoutio~usecf 341;
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char disk-io-time-sec(34],diskjio-jixne-usec[3 4 1;
long start-time,end-time;

file_1=0O;
fileI-r=-O;
file_Ien[O]=NfY;
file_naxne[O]=N0';
ftp..witb_io-v.tv~sec=0-O
ftp-with_io_v.tv-usec=0;
ftp~without~ioy.tv~sec=0;
ftp-without-io-v.tv-usec=0:
disk-io-time-v.tv-sec=O;
disk-io-time-v.tv-usec=0;

clilen=maxclileri;
while (file~l < 1)

/* receive the file length from client *

n = recvfrom(sockfd, file len, 34, 0, pch~addr, &clilen);
if(n < 0

printff'dg-echo : file length recefrom error\n");

else

if (sendto(sockfd, file len. n, 0.
pcli-addr, clilen) != n)

printf("dg.echo :file-len sendto error'\n');

file-l=atol(file-len);
f ilejen[Oj=NOY;

/* receive the file name from client ~
clilen--maxclilen;
n = recvfrom(sockfd, filename, 45, 0. pcli_addr, &clilen):,
if (n < 0)

printf("dgecho : file name recvfrom error\n');
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else

if (sendto(sockfd, file-name, n. 0,
pcli-addr, clilen) != n)

printfC'dg-echo :file-name sendto error\n");

tile-namnein] = N\O';
if (Out-file = fopen(file~nane,"w')) == NULL)

printfC'Can not open the %s file Wn"filename);

else

timc(&st~arttiine);
printfC'Connect time is: %ld %s Nn",

start -time,ctime(&start-tinie));
gettimneofday(&start-time v,&start time z);
printfC"Start time : sec : %ld, usec : d\"

start -time v.tv sec,start_time-v.tv~usec);,
while (file 1> 0)

mesg[0J=NO';
clilen=maxclilen;
geutimeofday(&t~flag L-v,&tLflag L-z);
n = recvfwom(sockfd, mesg, MAXMIESG, 0,

pcli~addr, &clilen);,
if (n <= 0)

printf("dg-jecho : recvfrom error\n');

else

mesg[nI=ND';
geutimeofday(&t~flag2..y,&t flag2_z);
fwrite(mesg, sizeof(char), n, out-file);
gettimeofday(&Lflag3.y,&tLflag3..z);
if (sendto(sockfd, mesg, n. 0,

pcladOdr, clilen) != n)

prirntf("dgeccho : sendto error\n');
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gettimeofday(&t-flag4-v ,&t-fag4-z);
file-l=file-l-n;
file_-I -r--file i r+n;
tvsub(&tLflag4_.y,&tjflag3_v);
tvsub(&t-flag3.y,&t-flag2_v);
tvsub(&tjflag2,.y,&tjflag I _vy);
tvadd(&disk io-time_v.&t-flag3.yv);
tvadd(&ftp~withjio..y&t-fag2-v);
tvadd(&ftp-with-iov ,&t-flag3-v);
tvadd(&ftp-with-iovt..y.flag4vy);
tvadd(&ftp-without o~v,&tjklg2-v);
tvadd(&ftp-without-io-v,&t~flag4-v);

gettiineofday(&end_time v,&end time-z);
printf("End time :sec %ld, usec %Id \n",endLime-vatv_sec,end-time-v.tv-usec):.
fcose(out-file);
time(&end.time);
printfC'Disconnect time is: %Id %s \n",end-time,ctime(&end-time));
sprintf(timejhour,"%ld",end-time);
sprintf(ftp-with-io-~sec," %Id',ftp with_io_v.tv~sec);
sprintf(ftp-.withio-usec,2%ld',ftp-with-io-v.tv-usec);
sprintf(ftp-without io-sec,'t%ld',ftp without-io-v.tv_sec);
sprintf(ftp-without jo_usec,"%ld".ftp without -io -vatv -usec);
spnintf(diskjio-timeý_sec.'%ld",disk_io_time-v.tv~sec);
sprintf(diskjio time-usec,"%ld'Xdisk-iojtme-v.tv-usec);
sprintf(filejlen,'%ld" ,filej...r);
print~f("File transfer time with disk I/0 is )
printf("%s sec %s micro sec\n",ftp_ with-io-sec,ftp with-io~usec);
printf("File transfer time without disk 1/0 is ");
printf("%s sec. %s micro sec\n",ftp_ without~io-sec,ftp-without-io-usec);
printf("Disk 1/0 time is %s sec %s mirco sec\n",disk-io-time-sec,disk_io-time-usec);
n=strien(time-hour);
if (sendto(sockfd, timejiour, n, 0, cli_addr, clilen) != n)

printf("dg-echo :time-hour sendto error N.n");

else

n = recvfrom(sockfd, time-hour, n, 0, pcl-addr, &clilen);
if (n <=0)

printf('dg-echo : time-hour recvfrom error Wn);

299



n:=strlen(ftp-with-io-sec);
if (sendto(sockfd, ftp-with-io-sec, n. 0, pcli~atdr. clilen) != n)

printf('dg-echo :ftp-with-io-sec sendto error \n");,

else
I
n = recvfrom(sockfd, ftp~wifluio-sec, n. 0, pcli-addr, &clilen);
if (n<=O0)

printf("dg-echo : ftp-with-io-sec rccvfrom error n"n);

n=strlen(ftp...with_io.-usec);
if (sendto(sockfd, ftp-with-iojisec, n, 0, pcli-addr, clilen) !=n)

printfC'dg-echo :ftp-with-io-usec sendto error Nn");

else

n = recvfrom(sockfd, ftp...withio-usec, n. 0, pcli-addr, &clilen);
if (ni <= 0)

printf("dg-ccho :ftp-with~jo-usec recvfrom error \n");

n=strlen(ftp..without-io-see);
if (sendto(sockfd, ftp-withoutjiosec. n. 0, pcli~addr, clilen) !=n)

I
printf("dg-echo :ftp...without-io-sec sendto error\n');

else

n = recvfwom(sockfd, ftp..withoutjio-sec, n, 0, pcli-addr, &clilen);
if (n <=0)

printf("dg-echo :ftp-withoutjo~sec recvfrom error\n");

n=strlen(ftp without~jo-usec);
if (sendto(sockfd, ftp-without~jo_ýusec, ni, 0, pcli~addr, clilen) != n)
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printf("dg-echo : ftp-without-io-usec sendto error\Vi");

else

n = recvfrom(sockfd, ftp~without~io_usec, n, 0. pcli-addr, &clilen);
if (n <=0)

I

n=strlen(fiielen);
if (sendto(sockfd, file-len, n, 0. pcli-addr, clilen) != n)

printf("dg-echo : file-len sendto error\n");

else

n = recvfrorn(sockfd. filejlen. n, 0, pcli-addr, &clilen);
if (n <=0)

printf("dg-echo : file-len recvfrom error\n");

/* Subtract 2 timeval structs: out=out-in.

Out is assumned tobe >=in. *

tvsub(out,in)

register struct timeval *out,*in;

if ((out->tv-usec -= in->tv-usec) < 0)

out->tvs5ec--;
out->tv-usec += 1000000;
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out->tv-sec -= in->tv-sec-

/* Add 2 timeval structs: out=out+in. ~

tvadd(out,in)

register struct tizneval *out,*jfl;

if ((out->tv-usec += in->tv-usec) >= 1000000)

out->tv~sec++;
out->tv-usec -= 1000000;

out->tv~sec +t= in->tv..sec;
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