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(57) ABSTRACT 
A netWork load analyzer determines a netWork load for one 
or more software applications concurrently operating in a 
network. The netWork load analyzer includes a trace ana 
lyzer for analyzing at least one trace input ?le over a 
plurality of predetermined sample time intervals to produce 
at least one trace output ?le. An analyzer determines infor 
mation from the at least one trace output ?le responsive to 
receiving the at least one trace output ?le to produce 
determined information. An output device displays the 
determined information from the at least one trace output 
?le. 
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SYSTEM FOR ANALYZING NETWORK LOAD 
AND OTHER CHARACTERISTICS OF AN 

EXECUTABLE APPLICATION 

[0001] This a non-provisional application of provisional 
application having serial No. 60/351,042 ?led by E. 
McBride on Jan. 22, 2002, and of provisional application 
having serial No. 60/366,507 ?led by E. McBride on Mar. 
21, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to a system, 
method, computer product, and user interface for analyZing 
netWork loading and other characteristics resulting from 
concurrent operation of multiple executable softWare appli 
cations. 

BACKGROUND OF THE INVENTION 

[0003] NetWork capacity planning is a process of measur 
ing a netWorks ability to serve content to its users at an 
acceptable speed. The process involves measuring the num 
ber of active users and by hoW much demand each user 
places on the server, and then calculating the computing 
resources that are necessary to support the usage levels. 

[0004] TWo key elements of netWork capacity perfor 
mance are bandWidth and latency. BandWidth is just one 
element of What a person perceives as the speed of a 
netWork. Another element of speed, closely related to band 
Width, is latency. Latency refers generally to delays in 
processing netWork data, of Which there are several kinds. 
Latency and bandWidth are related to each other. Whereas 
theoretical peak bandWidth is ?xed, actual or effective 
bandWidth varies and can be affected by high latencies. Too 
much latency in too short a time period can create a 
bottleneck that prevents data from “?lling the pipe,” thus 
decreasing effective bandWidth. Businesses use the term 
Quality of Service (QoS) to refer to measuring and main 
taining consistent performance on a netWork by managing 
both bandWidth and latency. 

[0005] Prior netWork capacity systems, either analytical 
and/or discreet event simulation tools, import a limited 
amount of live application traf?c patterns to drive a model 
of user’s netWork con?gurations. To validate a pre-existing 
netWork traffic model, a netWork analyst needs to compare 
tWo simulation runs and spend considerable time adjusting 
the pre-existing simulated traf?c patterns to match the 
netWork load of the imported live traf?c patterns. The effort 
to perform this task is challenging and is not usually 
attempted. Importing production traf?c patterns, using trace 
?les, is limited With respect to time coverage. It Would be 
very dif?cult to import a series of trace ?les covering all the 
peak hours of traffic activity over several Weeks. It Would 
also very dif?cult to identify and compare the simulated 
traf?c With real production traf?c in order to adjust the 
simulated patterns to alloW for future simulation runs that 
can predict What affect neW clients Will have on netWork 
bandWidth requirements. Hence, using these tools for mul 
tiple applications is very time consuming, expensive and not 
usable by average individuals typically in the position to do 
netWork siZing and performance estimates. 

[0006] Accordingly, there is a need for a system, method, 
computer product, and user interface supporting estimating 

Aug. 14, 2003 

netWork load used by multiple concurrently operating 
executable softWare applications. 

SUMMARY OF THE INVENTION 

[0007] A netWork guidelines estimator (NGE) estimates a 
netWork load for each softWare application operating in a 
test netWork to determine netWork load metrics for each 
softWare application. A netWork load estimator (NLE) esti 
mates a netWork load for one or more softWare applications 
concurrently operating in a production netWork responsive 
to the netWork load metrics of each of the one or more 
softWare applications. A netWork load analyZer (NLA) ana 
lyZes the netWork load for the one or more softWare appli 
cations concurrently operating in the production netWork to 
determine an actual netWork load for the production net 
Work. A netWork load analyZer determines a netWork load 
for one or more softWare applications concurrently operating 
in a netWork. The netWork load analyZer includes a trace 
analyZer for analyZing at least one trace input ?le over a 
plurality of predetermined sample time intervals to produce 
at least one trace output ?le. An analyZer determines infor 
mation from the at least one trace output ?le responsive to 
receiving the at least one trace output ?le to produce 
determined information. An output device displays the 
determined information from the at least one trace output 
?le. 

[0008] These and other aspects of the present invention are 
further described With reference to the folloWing detailed 
description and the accompanying ?gures, Wherein the same 
reference numbers are assigned to the same features or 
elements illustrated in different ?gures. Note that the ?gures 
may not be draWn to scale. Further, there may be other 
embodiments of the present invention explicitly or implicitly 
described in the speci?cation that are not speci?cally illus 
trated in the ?gures and visa versa. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates a netWork, including a server 
electrically coupled to a plurality of client/Workstations, in 
accordance With a preferred embodiment of the present 
invention. 

[0010] FIG. 2 illustrates a process for determining net 
Work load employed by one or more applications concur 
rently operating in the netWork, as shoWn in FIG. 1, in 
accordance With a preferred embodiment of the present 
invention. 

[0011] FIG. 3 illustrates a netWork load estimator (NLE), 
including a main entry user interface (MEUI), a netWorked 
application user interface (NAUI), and an analytical engine, 
employed by the server of FIG. 1, in accordance With a 
preferred embodiment of the present invention. 

[0012] FIG. 4 illustrates MEUI WindoW ?eld details for 
the MEUI of FIG. 3, in accordance With a preferred embodi 
ment of the present invention. 

[0013] FIG. 5 illustrates NAUI WindoW ?eld details for 
the NAUI of FIG. 3, in accordance With a preferred embodi 
ment of the present invention. 

[0014] FIG. 6 illustrates a process for de?ning an appli 
cation NAUI, as shoWn in FIGS. 3 and 5, in accordance 
With a preferred embodiment of the present invention. 
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[0015] FIG. 7 illustrates a process for con?guring an 
application for a capacity planning study for the NLE of 
FIG. 3, in accordance With a preferred embodiment of the 
present invention. 

[0016] FIG. 8 illustrates a process for reporting analysis 
results in the MEUI’s global results WindoW and in the 
NAUI’s results WindoW by the analytical engine of FIG. 3, 
in accordance With a preferred embodiment of the present 
invention. 

[0017] FIG. 9 illustrates a netWork load analyZer, 
employed by the server of FIG. 1, in accordance With a 
preferred embodiment of the present invention. 

[0018] FIG. 10 illustrates a trace analyZer process for each 
trace ?le, performed by the trace analyZer of FIG. 9, in 
accordance With a preferred embodiment of the present 
invention. 

[0019] FIG. 11 illustrates a single output trace ?le display, 
provided by the trace analyZer of FIG. 9, in accordance With 
a preferred embodiment of the present invention. 

[0020] FIG. 12 illustrates a complete output trace ?le 
summary display, provided by the load and concurrency 
analyZer of FIG. 9, in accordance With a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] FIG. 1 illustrates a netWork 100, including a server 
101 electrically coupled to a plurality of client/Workstations 
102, 103, and 104 via a communication path 106, in accor 
dance With a preferred embodiment of the present invention. 

[0022] The netWork 100, otherWise called a computer 
netWork or an area netWork, may be implemented in many 
different shapes and siZes. Examples of netWorks 100 
include, Without limitation and in any combination, a Local 
Area Network (LAN), a Wide Area NetWork (WAN), a 
Metropolitan Area NetWork (MAN), a Storage Area Net 
Work (SAN), a System Area NetWork (SAN), a Server Area 
NetWork (SAN), a Small Area NetWork (SAN), a Personal 
Area NetWork (PAN), a Desk Area NetWork (DAN), a 
Controller Area NetWork (CAN), a Cluster Area NetWork 
(CAN). Hence, the netWork 100 may have any number of 
servers 101 electrically coupled to any number of client/ 
Workstations 102, 103, and 104 over any type of commu 
nication path 106 over any distance. Preferably, the netWork 
100 is a WAN. 

[0023] Generally, netWork descriptions, such as LAN, 
WAN, and MAN, imply the physical distance that the 
netWork spans or a distance-based concept. HoWever, 
present and anticipated technology changes, via the Internet, 
intranet, extranet, virtual private netWork, and other tech 
nologies, noW imply that distance is no longer a useful 
differentiator betWeen the various netWorks. HoWever, for 
the sake of consistency, these other types of netWork also 
became knoWn as various types of netWorks. 

[0024] For example, a LAN connects netWork devices 
over a relatively short distance. AnetWorked of?ce building, 
school, or home usually contains a single LAN, though 
sometimes one building Will contain a feW small LAN s, and 
occasionally a LAN Will span a group of nearby buildings. 
In Internet Protocol (IP) networking, one can conceive of a 
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LAN as a single IP subnet (though this is not necessarily true 
in practice). Besides operating in a limited space, LAN s 
typically include several other distinctive features. LAN s are 
typically oWned, controlled, and managed by a single person 
or organiZation. They also use certain speci?c connectivity 
technologies, primarily Ethernet and Token Ring. 

[0025] Further, by example, a WAN spans a large physical 
distance. AWAN implemented as the Internet spans most of 
the World. AWAN is a geographically dispersed collection 
of LANs. A netWork device called a router connects LANs 
to a WAN. In IP netWorking, the router maintains both a 
LAN address and a WAN address. WANs typically differ 
from LANs in several Ways. Like the Internet, most WANs 
are not oWned by any one organiZation but rather exist under 
collective or distributed oWnership and management. WAN s 
use technology like leased lines, cable modems, Internet, 
asynchronous transfer mode (ATM), Frame Relay, and X25 
for connectivity. AWAN spans a large geographic area, such 
as a state, province, or country. WANs often connect mul 
tiple smaller netWorks, such as LANs or MANs. The most 
popular WAN in the World today is the Internet. Many 
smaller portions of the Internet, such as extranets, are also 
WANs. WANs generally utiliZe different and much more 
expensive netWorking equipment than do LANs. Technolo 
gies sometimes found in WAN s include synchronous optical 
netWork (SONET), frame relay, and ATM. 

[0026] The server 101 generally includes a user interface 
107, a memory unit 108, and a processor 109. The memory 
unit 108 generally includes softWare applications (“applica 
tions”) 112. The user interface 107 generally includes an 
output device 110 and an input device 111. 

[0027] The server 101 may be implemented as, Without 
limitation, a computer, a Workstation, a personal computer, 
a handheld computer, a desktop computer, a laptop com 
puter, and the like. The server 101 may be mobile, ?xed, or 
convertible betWeen mobile and ?xed, depending on the 
particular implementation. Preferably, the server 101 is a 
computer adapted for a ?xed implementation. 

[0028] The processor 109, otherWise called a central pro 
cessing unit (CPU) or controller, controls the server 101. 
The processor 109 executes, retrieves, transfers, and 
decodes instructions over communication paths, internal or 
external to the server 101, that are used to transport data to 
different peripherals and components of the server 101. The 
processor 109 includes a netWork guidelines estimator 
(NGE) 115, a netWork load estimator, (NLE) 116, and/or a 
netWork load analyZer (NLA) 117, or an interface to each of 
the same elements 115, 116, and 117 located outside the 
server 101, but communicating With the processor 109, such 
as via the communication path 106. Each of the elements 
115, 116, and 117 may be employed in hardWare, softWare, 
and a combination thereof. Preferably, each of the elements 
115, 116, and 117 is individually employed in the same or 
different netWorks 100 at the same or different times, as 
describe in further detail herein. 

[0029] The memory unit 108 includes Without limitation, 
a hard drive, read only memory (ROM), and random access 
memory The memory unit 108 is a suitable siZe to 
accommodate the applications 112, and all other program 
and storage needs, depending on the particular implemen 
tation. The applications 112, otherWise called executable 
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code or executable applications, are preferably application 
speci?c provider (ASP) executable applications deployed 
over a WAN. 

[0030] In the user interface 107, the input device 111 
permits a user to input information into the server 101 and 
the output device 110 permits a user to receive information 
from the server 101. Preferably, the input device is a 
keyboard, but also may be a touch screen, a microphone With 
a voice recognition program, for example. Preferably, the 
output device is a display, but also may be a speaker, for 
example. The output device provides information to the user 
responsive to the input device receiving information from 
the user or responsive to other activity by the server 101. For 
example, the display presents information responsive to the 
user entering information in the server 101 via the keypad. 
FIGS. 4, 5, 11, and 12 illustrate examples of the user 
interface 107. 

[0031] The server 101 may also contain other elements, 
Well knoWn to those skilled in the relevant art, including, 
Without limitation, a data input interface and a data output 
interface providing communication ports that permit data to 
be received by and sent from, respectively, the server 101. 
The data input interface and the data output interface may be 
the same interface, permitting bi-directional communica 
tion, or different interfaces, permitting opposite, unidirec 
tional communication. Examples of the data input interface 
and the data output interface include, Without limitation, 
parallel ports, and serial ports, such as a universal serial bus 
(USB). Each of the elements 115, 116, and 117 may com 
municate With the server 101 using the data input interface 
and the data output interface, When the elements 115, 116, 
and 117 are located outside of the server 101. 

[0032] Each of the client/Workstations (“client”) 102, 103, 
and 104 may be implemented as, Without limitation, a 
computer, a Workstation, a personal computer, a handheld 
computer, a desktop computer, a laptop computer, and the 
like. Each of the clients 102, 103, and 104 may be mobile, 
?xed, or convertible betWeen mobile and ?xed, depending 
on the particular implementation. Preferably, each of the 
clients 102, 103, and 104 are adapted for a ?xed implemen 
tation. 

[0033] The communication path 106 electrically couples 
the server 101 to each of the clients 102, 103, and 104. The 
communication path 106 may be Wired and/or Wireless or 
accommodate the ?xed and/or mobile server 101 or clients 
102, 103, and 104, respectively. Examples of Wired com 
munication paths include, Without limitation, LANs, leased 
WAN circuits, ATM, frame relay. Examples of Wireless 
communication paths include, Without limitation, Wireless 
LANs, microWave links, satellite. Preferably, the communi 
cation path 106 is Wired. 

[0034] The netWork 100 may also include an external 
memory unit 113 for storing softWare applications 112. The 
external memory unit 113 may include, Without limitation, 
one or more of the folloWing: a hard drive, read only 
memory (ROM), and random access memory The 
external memory unit 113 is a suitable siZe to accommodate 
the applications 112, and all other program and storage 
needs, depending on the particular implementation. The 
external memory unit 113 may be used in cooperation With 
or as a substitute for the memory unit 108 in the server 101, 
depending on the particular implementation of the server 
101, and the netWork 100. 
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[0035] Computer readable product 114, preferably a com 
puter readable storage medium, comprises a disk (such as a 
compact disk (CD), for example, or other portable storage 
medium containing the executable application 112 for inser 
tion or doWnloading in memory unit 108 or external memory 
unit 113. 

[0036] FIG. 2 illustrates a process 200 for determining 
netWork load employed by one or more applications 112 
concurrently operating in the netWork 100, as shoWn in FIG. 
1, in accordance With a preferred embodiment of the present 
invention. 

[0037] The process 200, otherWise called a method, begins 
at step 201. 

[0038] At step 202, the netWork guidelines estimator 
(NGE) 115, shoWn in FIG. 1, estimates a netWork load for 
each softWare application operating in a simulated netWork 
to determine netWork load metrics for each softWare appli 
cation. The structure and function of the netWork guidelines 
estimator (NGE) 115 is described in detail in provisional 
application having serial No. 60/366,507 ?led by Ed 
McBride on Mar. 21, 2002. 

[0039] The delivery of an application 112 on a netWork 
100 is typically successful When application’s netWork 
behavior is reasonably characteriZed, especially for a WAN. 
The characteristics of the applications are determined by 
testing them in a controlled netWork environment, otherWise 
called a simulated or test netWork, to determine the appli 
cation’s netWork behavior. This process is called application 
netWork baseline pro?ling. 

[0040] Preferably, application netWork baseline pro?ling 
is performed in a controlled test environment having the 
folloWing three conditions: 

[0041] 1. The server(s) 101 and the clients 102-104 
are on a LAN. 

[0042] 2. The netWork traf?c betWeen all application 
components are visible on the LAN at a single 
netWork location When the client executes a function 
of the application 112. 

[0043] 3. One client (i.e., a test client) is using the 
server(s) 101. 

[0044] TWo netWork tools are used to perform the appli 
cation netWork baseline pro?ling. 

[0045] 1. A conventional third party softWare tool, 
such as Application ExpertTM tool, captures the 
application’s netWork traf?c When the test client 
executes application functions. 

[0046] 2. The NGE 115 uses information from Appli 
cation Expert tool to calculate the application’s net 
Work load and latency parameters and other metrics 
that pro?le the application’s netWork behavior. 

[0047] The folloWing text under step 202 describes the 
process for pro?ling an application’s netWork load charac 
teristics, a process to pro?le an application’s netWork 
latency performance, and a process to estimate a netWorks 
capacity requirements When deploying multiple user clients 
over a WAN responsive to the application’s netWork load 
characteristics. The folloWing description references the 
folloWing de?nitions: 
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[0048] 1. Concurrent users: Clients of the application 
that are active (i.e., generating network traffic) in any 
given predetermined (e.g., one-minute) time interval. 

[0049] 2. Active users: Number of clients that are 
logged on to the application at a given time using the 
system at an ordinary pace (i.e., executing functions, 
making on-line updates and selections, and revieW 
ing and evaluating screen information, etc.). 

[0050] 3. Deployed users: Clients With the applica 
tion installed. 

[0051] 4. Task: Individual application functions 
executed to accomplish a speci?c task (i.e., a sub 
unit of Work). 

[0052] 5. Work Unit: A sequence of tasks executed to 
complete a unit of Work that the application Was 
designed to accomplish. Applications generally have 
many types of Work units. 

[0053] The process for pro?ling an application’s netWork 
load characteristics is described as folloWs. One character 
istic of an application’s netWork load is a load factor. The 
load factor is the calculation of the average netWork load that 
a user of a particular application generates While using an 
application. The load factor is calculated using the folloWing 
information: 

[0054] 1. List of Work units that users can execute 
When using an application. 

[0055] 2. List of all tasks (i.e., application functions) 
that make up each Work unit. 

[0056] 3. Frequency of use of each Work unit, if this 
is practical to determine or estimate. 

[0057] Preferably, at least 95% of the application’s typical 
Work units are tested in the test netWork, by capturing the 
netWork traf?c generated While a test client executes each 
Work unit. Aseparate capture ?le is saved for each Work unit. 

[0058] Testing involves measuring the netWork load 
placed on the LAN in the controlled laboratory environment 
using the conventional third party softWare tool. Preferably, 
a person (i.e., a test user) With experience in use of the 
application manually conducts the test to collect accurate 
measurements. Alternatively, the test may be performed 
automatically. The experienced user executes the Work units 
at the approximate speed of a predicted end user, including 
computer processing time and user think time. The executed 
Work units are used for pro?ling the Work units to obtain a 
reasonable netWork load factor (LF) and a completion time 
for a Work unit (i.e., the Work unit completion time) (WCT). 
The application’s netWork load factor and Work unit comple 
tion time are also used by the NLE 116 to estimate hoW 
many user Workstations can be deployed on a WAN, as 
described herein beloW. 

[0059] After the application is tested, the netWork traf?c 
information stored in each Work unit capture ?le is imported 
into the NGE 115. The NGE then calculates the application’s 
netWork load factor, Which speci?es the average amount of 
netWork capacity (i.e., bandWidth) used When a user is 
executing Work units. The netWork load factor relates to the 
application’s netWork load pro?le and hoW netWork friendly 
it is. 

Aug. 14, 2003 

[0060] The NGE 115 uses the netWork load factor to 
determine a concurrency factor (CF), Which speci?es the 
maximum number of concurrent users a netWork can support 
before reaching some predetermined threshold capacity that 
identi?es the limit or breakpoint of the netWork. For 
example, if a netWork has a recommended predetermined 
threshold capacity of 60% capacity and an application has a 
netWork load factor of 2%, the concurrency factor is 30 (i.e., 
60%/2%). The concurrency factor indicates that 30 concur 
rent users Will require 60% of the netWork capacity. 

[0061] The NGE 115 uses the concurrency factor and the 
Work unit completion time to estimate the total number of 
deployable clients that that a production netWork 100 can 
support. By accurately estimating the number of concurrent 
users that need to be accommodated during peak time, the 
netWork load information can be used to properly siZe and 
con?gure a production netWork 100. 

[0062] The folloWing text under step 202 describes the 
process for determining an application’s netWork latency 
pro?le. Since tasks are sub-units of Work, a user executing 
application tasks is sensitive to response time. For example, 
after a user presses the enter key to start the execution of a 
task, the user may be expecting a completed response Within 
tWo seconds. If the user’s Workstation 102-104 is on the 
same LAN that the server 101 is on, the response may come 
back in one second. Most of this time Would be server 101 
and Workstation 102-104 processing time. Very little of this 
time Would be due to the netWork latency (NL) of the LAN. 
HoWever, if the user’s Workstation 102-104 is separated 
from the server 101 by a WAN, netWork latency can con 
tribute to a signi?cant delay. An application’s performance 
characteristics can be determined, by testing the application 
tasks and by using the NGE 115 to pro?le the application’s 
netWork latency metrics. 

[0063] Three components to latency that cause netWork 
response delay include: 

[0064] 1. Insertion or Transmission Delay—caused 
by the speed of the LAN or WAN. 

[0065] 2. Propagation Delay—dictated by the dis 
tance data has to travel over the netWork. 

[0066] 3. Queue Delay—Delay due to congestion 
from sharing a netWork among multiple users. This 
is Why a netWork needs a predetermined capacity 
threshold. 

[0067] To pro?le an application’s netWork latency char 
acteristics, the conventional third party softWare tool indi 
vidually tests each task executed When testing the Work 
units. During these tests, the netWork traf?c generated is 
captured in a netWork trace ?le, Wherein there is one 
netWork trace ?le for each task. The netWork trace ?les are 
imported into the NGE 115, Which calculates the parameters 
that produce the application’s average netWork latency met 
ric. The NGE 115 also produces a detailed listing of each 
task identifying the tasks speci?c netWork latency. 

[0068] The NGE 115 also provides latency parameters that 
are imported into the NLE 116, Which is used to estimate the 
aggregate effect on one application 112 When sharing a 
netWork 100 With additional applications 112. The folloWing 
parameters are averages over all tested tasks. 
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[0069] 1. Average task traf?c size in bytes. 

[0070] 2. Average number of request/response pairs. 
These are called application turns that interact With 
a WAN’s propagation delay (i.e., distance). Any 
application task that has a large number of turns Will 
suffer large netWork latencies, Which cannot be 
reduced by increasing the WAN ’s bandWidth 
(speed). 

[0071] 3. Average siZe of the data frames used to send 
data over the netWork. 

[0072] 4. Application Workload and estimating Work 
station deployment. 

[0073] The folloWing text under step 202 describes the 
process to estimate a netWork’s capacity requirements When 
deploying multiple clients over a WAN, otherWise called 
Workload. The term Workload refers to the number of Work 
units (WU) completed in a predetermined (e.g., one hour) 
time period (i.e., a peak hour). The NGE 115 calculates a 
metric called the application’s Work unit completion time 
(WCT). The Work unit completion time is an average value 
of all WUs tested, Which is adjusted to a 95% con?dence 
value based on the variance of all Work units tested. 

[0074] To estimate, on average, the maximum number of 
WUs completed in one hour, When each one-minute interval 
has, on average, one user active, divide sixty minutes by the 
WCT. As mentioned above, each unit value of concurrency 
factor (CF) is equal to one user active in any one-minute 
interval. Hence, the maximum Workload a netWork 100 can 
support before exceeding the netWork’s capacity threshold is 
the concurrency factor (CF) value times sixty minutes 
divided by WCT. 

[0075] For example, if WCT is tWo minutes, then the 
maximum WUs per hour for a CF value of one is thirty (i.e., 
60/2). If netWork’s concurrency factor (CF) value equals ten, 
then three hundred WUs per hour can be supported. A 
question for delivery of an application in a production 
netWork is hoW many Workstations are required to generate 
116 WUs, Which is addressed herein beloW. 

[0076] The folloWing text under step 202 describes a 
general application classi?cation as it relates to the Work 
load. It is helpful to ask tWo questions When attempting to 
establish the application’s Workload With respect to the 
number of Workstations deployed. 

[0077] 1. What category does the application fall in? 

[0078] 2. What is the expected Workload per hour for 
the poWer user Within the top ten users? 

[0079] Typically, users are separated into three classes: 

[0080] 1. Casual users 

[0081] 2. Standard users 

[0082] 3. Data Entry users 

[0083] The class of an application user can be identi?ed by 
the total amount of time, over one hour, that the poWer user 
(i.e., a strong user in the class) spends executing the appli 
cation. Reasonable classi?cations of time for a poWer user in 
each class include: 

[0084] 1. Casual: The poWer user executes from 0 to 
10 minutes (5 minutes mid-point). 
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[0085] 2. Standard: The poWer user executes 10 to 30 
minutes (20 minutes mid-point). 

[0086] 3. Data Entry: The poWer user executes 30 to 
50 minutes (40 minutes mid-point). 

[0087] The purpose of the application 112 and its usage 
pattern help to identify and establish a conservative estimate 
for the poWer user. The average number of WUs executed by 
the poWer user, in one hour, can be established using the 
application’s Work unit completion time (WCT). For 
example, if the mid-point is identi?ed as a conservative 
value for the application’s poWer user, and if the applica 
tion’s WCT is tWo minutes, then: 

[0088] 1. In a Casual user type application, the poWer 
user Will average 2.5 WUs per hour. 

[0089] 2. In a Standard user type application, the 
poWer user Will average 10 WUs per hour. 

[0090] 3. In a Data Entry user type application, the 
poWer user Will average 20 WUs per hour. 

[0091] In the preferred embodiment of the present inven 
tion, the applications 112 tested fell Within the standard user 
class, and most fell in the general area of the mid-point With 
some applications on the loW and high limits. 

[0092] The folloWing text under step 202 describes esti 
mating a base Workload. Once the poWer user’s Workload is 
speci?ed, the base Workload (BWL) can be established. The 
BWL is de?ned by number of WUs per hour averaged over 
the top-ten user Workstations. The BWL is then used to 
estimate total Workload When additional user Workstations 
are added to the top-ten. Preferably, the application’s BWL 
is not customer speci?c, Which Would be dif?cult to deter 
mine, and Would risk over-siZing or under-siZing netWork 
capacity requirements. 
[0093] To establish the BWL after setting the poWer user’s 
Workload, the total average Workload for the top-ten users is 
estimated. Dividing this value by ten gives the BWL, Which 
is the average number of WUs per top-ten user. The total 
average Workload for the top-ten users can be conservatively 
established, based on the poWer user’s Workload. The total 
average Workload is determined as folloWs: 

Total Workload=(10><PoWer User’s Workload)/2 

[0094] For Example, if the poWer user averages ten WUs 
per hour, then: 

Total Workload=(10><10)/2=5O WU’s per hour, and 

BWL=50/10=5 WUs per top-ten users. 

[0095] The BWL is used to establish the total Workload 
When additional user Workstations, beyond the top ten, are 
being deployed. A short cut formula for BWL is: 

BWL=PoWer User Workload/2. 

[0096] The folloWing text under step 202 describes the 
Workload and user Workstation deployment. As additional 
users beyond the top-ten are added to the netWork, the total 
Workload increases in a non-linear manner. Typically, add 
ing ten more users to the top-ten Will not double the 
Workload. Using a conservative estimate for the total Work 
load is important When determining the netWork capacity 
requirements for a speci?ed number of Workstations. On a 
LAN, this is normally not an issue, but on a WAN this 
becomes signi?cant because of the siZe difference betWeen 
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the LAN and the WAN. In the preferred embodiment of the 
present invention, the BWL for the applications tested are 
reasonably conservative and applicable for all users of the 
application. Hence, there is a loW probability of severe 
over-estimating or under-estimating the WAN capacity 
using the BWL. 

[0097] Both the NGE 115 and NLE 116 estimate the total 
Workload as folloWs. 

Total Workload=BWLxAWS/LOG(AWS), 

[0098] Wherein 

[0099] AWS is the total number of Active Worksta 
tions (i.e., Workstations Logged-In), and 

[0100] the LOG to the base 10 function produces a 
gradual reduction in the groWth of total Workload as 
additional users are added. This logarithmic function 
is a very conservative modi?cation to linear groWth. 

[0101] For example, if BWL=5 WUs per hour (this is an 
average for the top-ten users), and if AWS=10, then 

Total Workload=5><10/LOG (10), or 

Total Workload=5><10/1=5O WUs per hour (i.e., top-ten 
user Workload) 

[0102] By a second example, if BWL=5 WUs per hour, 
and if AWS=20, then 

Total Workload=5><20/LOG(20), or 

Total Workload=5><20/1.3=76.9 WUs per hour. 

[0103] In contrast to the second example, linear groWth 
Would result in 100 WUs per hour. 

[0104] By a third example, if BWL=5 WUs per hour, and 
if AWS=200, then 

Total Workload=5><200/LOG(200), or 

Total Workload=5><200/2.3=434.8 WUs per Hour 

[0105] In contrast to the third example, linear groWth 
Would result in 1000 WUs per hour. 

[0106] The total number of Work hours completed in the 
one hour period by all active users is equal to the total 
Workload times the application’s WCT (WU Completion 
Time) divided by 60 minutes. 

[0107] For example, in the third example of 200 users 
above, if the WCT=2 minutes, then 

Work Hours (WH)=434.8><2 minutes/6O minutes=14.5 
hours of Work. 

[0108] If the application’s concurrency factor (CF) value 
for the netWork is equal to or greater than 14.5, then the 
netWork can support the Workload Without exceeding the 
netWork’s threshold capacity. 

[0109] The folloWing text under step 202 describes a 
process for estimating the number of active users. The 
formula for total Workload requires the number of active 
users (i.e., logged-in users). The folloWing description deter 
mines hoW active user Workstations relate to the total 
number of deployed Workstations. Preferably, the folloWing 
predetermined algorithm is used: if the deployed Worksta 
tions are less than or equal to forty, then the active users 
equals deployed users. HoWever, if the deployed Worksta 
tions are greater than forty, then the active users are gradu 
ally reduced. The need to make the gradual reduction is 
because the number of log-ins does not increase in a linear 
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manner With an increase in deployed Workstations. When the 
deployed Workstations are greater than forty, the folloWing 
formula is used. 

Active Users=Deployed Users><1.6/LOG (Deployed 
Users) 

[0110] For example, if Deployed Users equals 100, then 

Active Users=100><1.6/LOG(100)=100><1.6/2=8O (i.e., 
80%) Active Users. 

[0111] In a second example, if Deployed Users equals 
1000, then 

Active Users=1000><1.6/LOG(1000)=1000><1.6/3=533 
(i.e., 53%) Active Users. 

[0112] Preferably, the testing in step 202 is performed in 
a simulated netWork environment representing anticipated 
netWorks that may use the application. Preferably, a manu 
facturer (or an approved third party) of an application 
performs the netWork load testing on the application in the 
simulated production environments to generate the netWork 
load metrics before the application is shipped to, or sold to 
the end user, as a computer readable storage medium. The 
computer readable storage medium includes, Without limi 
tation, a magnetic disk or tape, an optical disk such as a 
computer read only memory (CDROM), a hard drive, and 
data delivered over a communication path, such as a phone 
line, the Internet, a coaxial cable, a Wireless link, and the 
like. The simulations may be simple or complex as the 
anticipated production environments and anticipate end user 
considerations require to generate feW or many, respectively, 
netWork load metrics. The task of generating many netWork 
load metrics may employ various analytical methods, such 
as statistics, to providing near continuous netWork load 
metric points, Without physically running the application in 
each simulated netWork environment. Further, the many 
netWork load metrics may be predetermined and stored in a 
database or pre-characteriZed and represented by equations 
having input and output variables. Preferably, the netWork 
load metrics, or their representative equations, are incorpo 
rated With the application’s set up ?les. Then, a netWork 
administrator uses the netWork load metrics for one of the 
simulated netWork environments that is closest to the actual 
production environment. Alternatively, the netWork admin 
istrator may input the characteristics of the actual production 
netWork environment into an input WindoW, associated With 
the set up ?les, and the set up program provides the end user 
With recommended netWork load metrics to be used. 

[0113] At step 203, the netWork load estimator (NLE) 116, 
shoWn and described in further detail in FIGS. 3-8, estimates 
netWork load for one or more applications 112 concurrently 
operating in a production netWork 100 responsive to the 
netWork load metrics determined by the NGE 115 for each 
of the one or more application. 

[0114] The NLE 116 uses the application’s netWork load 
factor and Work unit completion time to estimate hoW many 
user Workstations can be deployed on a WAN. The NLE 116 
aggregates the metrics for a large number of different 
applications 112 alloWing it to quickly estimate the WAN ’s 
capacity requirements When deploying more than one type 
of application. The NLE 116 supports complex WAN 
topologies and aggregates the effects of netWork load and 
latencies, thus integrating the impact of multiple applica 
tions sharing a WAN. The NLE’s inputs come from the NGE 
115, and alloW a relatively unskilled administrator to Work 






















