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(57) ABSTRACT 

Techniques for visualizing and monitoring the quality of 
service for a computer network. Herein, a method and 
system monitor network transactions and behaviors for the 
computing network, which computing network includes one 
or more client subnets accessing one or more servers, the 
monitoring may be independent of client site monitors. 
Statistical data is gathered for relating to at least the net 
work, the server, and the applications for generating a 
plurality of measurements. The measurements assess at least 
one quality of service indicator associated with the perfor 
mance of the computer network. The method and system 
graphically display the plurality of measurements of the 
quality of service indicator according to the date and time of 
gathering the statistical data and further display graphically 
the degree by which each of the measurements of the quality 
of service indicator varies from a predetermined threshold 
quality of service level for the computing network. Also, 
dynamic quality of service indicators are monitored against 
average quality of service indicators. 
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METHOD AND SYSTEM FOR VISUALIZING 
NETWORK PERFORMANCE CHARACTERISTICS 

[0001] This application claims the bene?t of priority to 
US. Non-Provisional patent application Ser. No. 11/ 110,973 
entitled “METHOD AND SYSTEM FOR VISUALIZING 
NETWORK PERFORMANCE CHARACTERISTICS,” by 
Peter Mullarkey et al ?led on Apr. 20, 2005, and is incor 
porated herein by reference in its entirety for all purposes. 

FIELD 

[0002] The disclosed subject matter relates to computer 
and related electronic systems netWorks. More particularly, 
this disclosure relates to a novel and improved method and 
system for visualiZing netWork performance characteristics. 

DESCRIPTION OF THE RELATED ART 

[0003] Most netWork engineers are very familiar With 
tools that report statistics on individual components such as 
links, routers, and servers. These infrastructure monitors 
have been around for a long time. NeWer to the market are 
performance monitoring appliances that report end-to-end 
statistics and the end-user experience. These appliances 
provide a comprehensive vieW of the enterprise, Without the 
need for desktop or server agents. They measure hoW Well 
response time Service Level Agreements (SLAs) are being 
met. They also help solve a Wide variety of problems With 
solutions that lead to signi?cant reductions in operating 
costs. 

[0004] End-to-end performance monitoring can be 
extremely useful as a proactive method for both rapid 
troubleshooting and performance management of enterprise 
netWorks and server aggregations. Such monitoring has been 
successfully implemented to quickly identify and resolve the 
myriad of performance issues associated With netWorks, 
servers, and applications. The use of end-to-end perfor 
mance monitoring appliances has uncovered serious inef? 
ciencies With load balancers, poorly designed applications, 
bypassed proxy servers, ineffective cache servers, aggres 
sive active agents, and badly designed “redundant” net 
Works. They can provide the “big-picture” vieW of netWorks 
and applications to ansWer questions that are critical for the 
end-user experience. These questions may include knoWing 
What impact server consolidation Will have on users. Such 
applications can help address Which Will Work better on a 
particular netWork, a thick or thin clients con?guration. 
Also, performance monitoring applications can help identify 
Which sites are in greatest need of upgrades or doWngrades, 
and Which Web pages are the sloWest to doWnload. 

[0005] Drill-doWn troubleshooting capabilities can reveal 
metrics that can save Weeks or months of time in identifying 
and resolving issues. Analyses that previously required six 
Weeks to complete With packet snif?ng tools may be accom 
plished in minutes When end-to-end performance monitor 
ing appliances are properly con?gured. Because they con 
tinuously monitor applications, such appliances notice and 
report even dif?cult intermittent issues that cannot readily be 
reproduced. If a problem occurred at 3:00 am. the previous 
morning, their stored reports can be used for a post-mortem 
analysis. There is no need to Wait for a recurrence in order 
to capture the behavior the Way legacy troubleshooting tools 
require. 

Dec. 13, 2007 

[0006] End-to-end performance monitoring appliances 
With intelligent thresholds can alert a netWork performance 
management team to a developing problem before the 
problem severely impacts customers. Such proactive man 
agement and high-level vieWs alloW netWork managers to 
discover neW Ways to optimiZe the netWork. 

[0007] Unfortunately, knoWn end-to-end performance 
monitoring and management systems fail to provide com 
pletely satisfactory operation. There are several existing 
response-time monitoring tools (e.g., NetIQ’s Pegasus and 
CompuWare’s Ecoscope) that require a hardWare and/or 
softWare agent be installed near each client site from Which 
end-to-end or total response times are to be computed. The 
main problem With this approach is that it can be dif?cult or 
impossible to get the agents installed and keep them oper 
ating. For a global netWork, the number of agents can be 
signi?cant; installation can be sloW and maintenance pain 
ful. For an eCommerce site, installation of the agents is not 
practical; asking potential customers to install softWare on 
their computers probably Would not meet With much suc 
cess. A secondary issue With this approach is that each of the 
client-site agents must upload their measurements to a 
centraliZed management platform; this adds unnecessary 
traffic on What may be expensive Wide-area links. A third 
issue With this approach is that it is dif?cult to accurately 
separate the netWork from server delay contributions. 

[0008] To overcome the issue With numerous agent 
installs, some companies (e. g., KeyNotes and Mercury Inter 
active) olfer a subscription service Whereby one may use 
their preinstalled agents for response-time monitoring. 
There are tWo main problems With this approach. One is that 
the agents are not monitoring “real” client traffic but are 
arti?cially generating a handful of “de?ned” transactions. 
The other is that the monitoring does not generally cover the 
full range of client sitesithe monitoring is limited to Where 
the service provider has installed agents. 

[0009] Developers continue to improve methods and sys 
tems for testing netWorks, servers, and services for avail 
ability and performance. Among What is needed is the ability 
to visualiZe the operations of a computer netWork for 
identifying performance management issues and problems, 
together With probable causes of related problems. 

SUMMARY 

[0010] Techniques for visualiZing netWork performance 
characteristics are disclosed, Which techniques both improve 
the operation of the associated netWorks and support more 
associated performance management functions. 

[0011] According to one aspect of the disclosed subject 
matter, there is here provided a method and system for 
visualiZing and monitoring quality of service of a computing 
netWork. The method includes the steps and the system 
includes the structures for monitoring application netWork 
transactions and behaviors for the computing netWork. The 
computing netWork includes one or more client subnets 
accessing one or more servers. The monitoring may be 
independent of client site monitors. The method and system 
gather statistical data relating to at least one netWork, a 
server, and associated applications and generate a plurality 
of measurements of at least one quality of service indicator. 
The quality of service indicators relate to the performance of 
the computer netWork. The method and system further 
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display graphically the plurality of measurements of the at 
least one quality of service indicator according to the date 
and time of gathering the statistical data and the degree by 
Which each of said plurality of measurements of the quality 
of service indicator varies from a predetermined threshold 
quality of service level for the computing netWork. 

[0012] According to another aspect of the disclosed sub 
ject matter, here is disclosed a method and system for 
visualiZing and monitoring the performance of a computer 
netWork that include the steps and structures for displaying 
graphically a plurality of averaged netWork quality of ser 
vice indicators. The averaged netWork quality of service 
indicators are associated on a radial plot and visually inter 
linked to form a nominal performance polygon. The nominal 
performance polygon includes a plurality of comers. Each of 
said comers corresponds to a separate one of the plurality of 
averaged netWork quality of service indicators. The method 
and system furthermore dynamically measure a plurality of 
netWork quality of service indicators. Each of the plurality 
of netWork quality of service indicators corresponds to one 
of the plurality of averaged netWork quality of service 
indicators. The method and system display graphically the 
dynamically measured plurality of netWork quality of ser 
vice indicators as a radial plot point on the radial plot and 
visually interlink the radial plot points for forming a 
dynamic performance polygon. The dynamic performance 
polygon relates to the dynamic performance of the computer 
netWork. The disclosed subject matter alloWs monitoring of 
the dynamic performance of the computer network by 
dynamically comparing variations in said dynamic perfor 
mance polygon With said nominal performance polygon. 

[0013] A technical advantage of the disclosed subject 
matter includes the ability to directly compare metrics or 
measurements of different netWork quality of service indi 
cators, regardless of the particular units of measure that are 
associated With the different indicators. Because the method 
and system here disclosed compare normaliZed indicator 
measurements to averaged values of netWork quality of 
service indicators, the indicators may be in milliseconds, 
percents, counts, or other measurement units. 

[0014] These and other aspects of the disclosed subject 
matter, as Well as additional novel features, Will be apparent 
from the description provided herein. The intent of this 
summary is not to be a comprehensive description of the 
claimed subject matter, but rather to provide a short over 
vieW of some of the subject matter’s functionality. Other 
systems, methods, features and advantages here provided 
Will become apparent to one With skill in the art upon 
examination of the folloWing FIGUREs and detailed 
description. It is intended that all such additional systems, 
methods, features and advantages that are included Within 
this description, be Within the scope of the accompanying 
claims. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0015] The features, nature, and advantages of the dis 
closed subject matter Will become more apparent from the 
detailed description set forth beloW When taken in conjunc 
tion With the draWings in Which like reference characters 
identify correspondingly throughout and Wherein: 

[0016] FIG. 1 shoWs geographically a computer netWork 
that spans the globe and to Which the teachings of the 
disclosed subject matter may apply; 
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[0017] FIG. 2 depicts conceptually the netWork perfor 
mance environment of the disclosed subject matter; 

[0018] FIG. 3 provides a block diagram of the netWork 
optimization system for one embodiment of the disclosed 
subject matter; 

[0019] FIG. 4 shoWs an application response time versus 
date plot of one embodiment of the disclosed subject matter; 

[0020] FIG. 5 provides a violation intensity chart gener 
ated by the disclosed subject matter; 

[0021] FIG. 6 provides an overvieW diagram for associ 
ating performance statistics With server print plots of the 
present embodiment; 

[0022] FIGS. 7 and 8 shoW dynamic performance poly 
gons and nominal performance polygons deriving from 
operation of the disclosed subject matter; 

[0023] FIG. 9 depicts time varying dynamic performance 
polygons for reporting variations in computer netWork per 
formance; 

[0024] FIGS. 10 and 11 present overall netWork exception 
status visualiZations as provided by the disclosed subject 
matter; 

[0025] FIG. 12 visually illustrates chronological varia 
tions in unWanted traffic for site-speci?c trend analysis using 
the disclosed subject matter. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0026] FIG. 1 shoWs geographically a computer netWork 
that spans the globe and to Which the teachings of the 
disclosed subject matter may apply. Across the globe 10, a 
computer netWork 12, Which may actually include an asso 
ciation of many netWorks, connects different sites 14 to one 
another. In such a computer netWork, addressing perfor 
mance changes arising from neW application deployments, 
determining hoW best to satisfy near future netWork and user 
needs, and performing proactive and reactive troubleshoot 
ing all require netWork managers and technicians a variety 
of performance management functions. These performance 
management functions must resolve hoW netWork managers 
respond to problems as they arise. 

[0027] FIG. 2 shoWs, therefore, computer netWork perfor 
mance environment 20. Computer netWork performance 
environment 20 includes performance management func 
tions 22, Which communicate and interoperate With fault 
management functions 24, con?guration management func 
tions 26, accounting management functions 28, and security 
management functions 30. Performance management func 
tions 22 ensure the ef?cient utiliZation of computer netWork 
12 resources. This includes minimiZing the impact of 
resource contention to make processes continuously and 
ef?ciently operate. Using fault management functions 24, 
con?guration management functions 26, accounting man 
agement functions 28, and security management functions 
30, performance management functions 22 ensure that each 
application/user receives What is required over all time 
scales by optimally using available resources, such as device 
CPU resources, memory resources, and bandWidth 
resources. 
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[0028] Performance management functions 22 to which 
the disclosed subject matter relates provide (a) proactive, 
measurement-based management functions for permitting 
root cause/routing bottleneck diagnosis using fault manage 
ment functions 24; (b) capacity planning and design, server 
location decisions, technology evaluations, and requirement 
predictions using con?guration management functions 26; 
(c) cost/performance trade-off analyses using accounting 
management functions 28, and privacy and intrusion detec 
tion and prevention policies and procedures using security 
management functions 30. In addressing these characteris 
tics of performance management environment 20, the dis 
closed subject matter provides a method and system for 
visualizing network performance characteristics. 

[0029] FIG. 3 relates more directly the visualization 
method and system of the disclosed subject matter to net 
work optimization system 40, which provides many com 
puter network 12 performance management functions. Net 
work optimization system 40 permits troubleshooting 
enterprise application problems and optimizing computer 
network 12 performance. Network optimization system 40, 
therefore includes performance management functions 22 
for ensuring consistent delivery of business critical applica 
tions, documenting information technology service levels 
and improving the end user’s experience. One embodiment 
of network optimization system 40 associates router 42, 
application statistics function 44, network devices 46, and 
program databases 48 to communicate with network speci?c 
databases 50. Network speci?c databases 50 communicate 
with analysis functions on workstation 52. Using the analy 
sis functions of network optimization system 40, worksta 
tion 52 provides report visualization functions 54, as 
described herein. Network optimization system 40 may be 
such as described in commonly assigned US. patent appli 
cation Ser. No. 10/962,331 entitled “Dynamic Incident 
Tracking and Investigation in Service Monitors,” by Cathy 
Anne Fulton et al. 

[0030] In network optimization system 40, router 42 col 
lects ?ow-based statistics on network traf?c, such as proto 
cols used, ports used, and other information. Application 
statistics functions may be dedicated services that gather 
application-level information and statistics through proto 
cols, such as SNMP, that may, for example, follow the 
RMON2 standard. In addition, network optimization system 
40 uses network devices 46 to acquire statistics that may be 
gathered through SNMP. Response time data may be col 
lected from individual program databases, such as an end 
to-end database. Network speci?c databases 50 may receive 
the information from these network resources and generate 
a highly scalable network-speci?c database that uses data 
mining techniques and data pre-processing functions to 
process a large set of statistical information. At workstation 
52, computer network 12 analysis and reporting functions 
occur. In essence, workstation 52 provides dynamic incident 
tracking and investigation, supporting various performance 
management functions 22. From workstation 52, the dis 
closed subject matter provides report visualization functions 
54 as an output of the present method and system for 
visualizing network performance characteristics. 

[0031] One aspect of network optimization system 40 
includes application response time functions that quickly 
track and measure end-user response time. The application 
response time functions operate without desktop or server 
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agents and separate response time into application, network, 
and server delay components. The application response time 
functions, therefore, enable rapid troubleshooting of appli 
cation performance bottlenecks. Network optimization sys 
tem 40 also includes automated processes to measure and 
analyze application response time for all user transactions. 
Report visualization functions 54 permit comparisons of 
response times and other computer network 12 performance 
indictors against intelligent baselines. Moreover, network 
optimization system 40 may automatically investigate the 
cause of problems as they occur. 

[0032] Network optimization system 40 also provides 
report analyzer functions that operate on workstation 52 and 
in conjunction with report visualization functions 54. The 
result is a ?exible analysis engine that enables network 
managers to understand how application traf?c impacts 
computer network 12 performance. Using report visualiza 
tion functions 54 and the associated analysis tools of work 
station 52, the present embodiment allows for identi?cation 
of which applications are using excessive bandwidth, the 
location of such users, and when such applications are being 
used. Report analyzer functions of workstation 52 cooperate 
with network speci?c databases 50 to store and report 
enterprise-wide router 42 data and application statistics 44, 
for extended periods of time (e.g., an entire year). Such 
storage in network speci?c databases 50 allows network 
managers to make important cost reduction, troubleshoot 
ing, capacity planning, and traffic analysis decisions. 

[0033] Network optimization system 40 separates appli 
cation response times into network, server, and application 
delays, and generates alarms based on customer de?ned 
thresholds. However, network optimization system 40 does 
not require the deployment of agents on workstations within 
computer network 12. Network optimization system 40 
collects large amounts of data from multiple sources and 
presents them as meaningful information and can aggregate 
data for reporting and analysis. Network optimization sys 
tem 40 provides custom exception reporting and may drill 
down from the enterprise level to individual hosts and 
conversations occurring on computer network 12. 

[0034] In addition, network optimization system 40 
enables a variety of computer network 12 advisory services 
to occur. That is, network optimization system 40 permits 
analysis of application response times without deploying 
client-side agents. Using the disclosed subject matter, net 
work optimization system 40 permits the analysis of huge 
volumes of data from multiple sources for rapid identi?ca 
tion by application of network traffic and congestion 
sources. As such, network optimization system 40 enables 
advisory service for making recommendations that translate 
into lower network costs and improved response, thus mak 
ing advantageous use of the visualizations herein described. 

[0035] FIG. 4 shows application response time data plot 
60 for one embodiment of the disclosed subject matter. The 
data of FIG. 4 may be derived from a single server or a 
cluster of servers. Response time data plot 60 plots time in 
seconds along axis 62 against calendar date and time, along 
axis 64. Threshold bar 66 sets a limit (e.g., 1 second) for 
response time plot 68. When response time plot 68 exceeds 
threshold bar 66, network optimization system 40 (as shown 
in FIG. 3) presents through report visualization functions 54 
a violation report. Values reported for response time plot 68, 
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in one embodiment, results from the accumulation of sepa 
rate plots of the constituent components of the traf?c 
response time delays. This may include network round trip 
time (RTT) delays, retransmission delays, data transfer 
delays, server response delays and connect time delays. In 
particular, as response time plot 68 shoWs, server response 
delays 70 are the major contributor to the total response time 
plot 68. Thus, as traffic occurs on a computer netWork, as 
indicated by traf?c plot 72, delays, as peaks in response time 
plot 68 shoW, result in traf?c reductions, as valleys in traf?c 
plot 72 exhibit. 

[0036] Violations of various service agreements, for 
example, may relate to the degree by Which response time 
plot 68 exceeds threshold bar 66 time limits, e.g., one 
second. For example, peak 74 may be vieWed as a major 
violation, since the response time exceeds threshold bar 66 
by approximately tWo seconds. Peak 76, Which exceeds 
threshold bar 66 by slightly more than one second, may be 
vieWed as an intermediate violation. Finally, peak 78 may be 
considered a minor violation, since the one-second threshold 
bar 66 is exceeded by less than 0.25 seconds. 

[0037] Response time data plot 60 shoWs a speci?c server. 
The present embodiment may also provide information for 
a single interface. HoWever, other embodiments may also 
provide for multiple servers, i.e., at a next level of granu 
larity. Thus, using one diagram, it is possible to determine 
the aggregate violations of a set of servers. This potentially 
provides such additional valuable information that may be 
useful for managing the operation of a netWork. 

[0038] FIG. 5 provides violation intensity chart 80 that 
may be generated using the disclosed subject matter. In 
violation intensity chart 80, “Hours in Day” axis 82 crosses 
“Days” axis 84 to permit recording of the speci?c time and 
day on Which a violation occurs. Violation intensity chart 80 
relates response time plot 68 to threshold bar 66 (as shoWn 
in FIG. 4) by providing a visualization of the degree by 
Which response time plot 68 exceeds threshold bar 66. Thus, 
as exploded regions 86 and 88 shoW, violation intensity chart 
80 presents tick marks of varying colors or other differen 
tiating characteristics to demonstrate the degree by Which 
response time plot 68 exceeds threshold bar 66. In the 
illustrated example, a red tick mark 90 (Which may appear 
alternatively as vertical hash marks) may relate to major 
violation peak 74 (FIG. 4), an orange tick mark 92 (Which 
may appear alternatively as diagonal hash marks) relate to 
intermediate violation peak 76, and a yelloW tick mark 94 
(Which may appear alternatively as horizontal hash marks) 
may relate to minor violation peak 78. 

[0039] Particularly attractive features of violation inten 
sity charts include Workday regions 96 and Weekend regions 
98. Workday regions 96 brackets the hours during Which a 
company generally Works. Weekend regions 98 highlights 
the Weekend days. Identifying these time and day regions, 
violation intensity chart 80 alloWs a netWork manager to 
focus attention on speci?c violation periods. Thus, for 
example, in the event that an excessive number of red tick 
marks 90 arise in Work hour regions 96 and outside of 
Weekend regions 98, time response violation may be a major 
concern for computer netWork 12 Which requires immediate 
attention. On the other hand, if red tick marks 90 only occur 
during Weekend regions 98 and outside Work hour regions 
96, then immediate action may not be appropriate. 
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[0040] The shadings in color intensity provide the ability 
to determine utilization, as Well as violations. The shadings 
in color intensity also provide the ability to determine the 
degree of the utilization and/or violation of a particular 
netWork. 

[0041] In addition to violation intensity chart 80, the 
disclosed subject matter provides meaningful visualizations 
of associated and interdependent netWork quality of service 
indicators. FIG. 6, therefore, illustrates the generation of a 
server print plot 100, Which integrates netWork performance 
measurements from netWork optimization system 40. In the 
example of FIG. 6, server print plot 100 (so named by virtue 
of providing a signature or distinct ?nger print of computer 
netWork 12 operations) may provide measurement visual 
izations from six computer netWork 12 quality of service 
indicators. Response time plot 102, as already described, 
may plot composite response times versus date-time slots. 
Refused sessions plot 104 plots refused TCP/IP sessions for 
particular date-time slots against total sessions. Total ses 
sions plot 106 plots total numbers of users against day-time 
slots. Also, traf?c volume plot 108 provides both “to server” 
and “from server” volume statistics for computer netWork 
12. 

[0042] FIG. 6 integrates statistics from plots 102 through 
108 to facilitate visualizing computer netWork 12 opera 
tions. In FIG. 6, server print plot axes include SRT axis 110, 
percent (%) refused sessions axis 112, volume (to) axis 114, 
volume (from) axis 116, total sessions axis 118, and bursti 
ness axis 120. Nominal performance polygon 122 relates to 
nominal or average performance of computer netWork 12 
over a predetermined or de?ned period of time. Nominal 
performance polygon 122 may be formed as a regular 
polygon by normalizing the respective average quality of 
service indicator (e.g., SRT) along SRT axis 110 and With 
relation to the other quality of service indicators, Which, 
likeWise may be normalized to their respective axes. 
Dynamic performance polygon 124, Which may or may not 
be a regular polygon, provides measured quality of service 
indicator statistics relative to the normalized and averaged 
quality of service indicators of nominal performance poly 
gon 122. 

[0043] Server print plot 100 displays key indicators for a 
netWork problem solution in one diagram. Prior approaches 
may have required up to three broWsers and many different 
plots at a single time to see all of the information appearing 
in server print plot 100. FIG. 6 also demonstrates What 
normal or nominal behavior occurs on a particular netWork. 

In revieWing an entire time period (e.g., month), FIG. 6 
shoWs the different metrics normalized to a single plot. By 
determining a relative range for each metric, FIG. 6 mea 
sures dynamic performance according to the various met 
rics. Based on this, FIG. 6 provides a precise measurement 
of the dynamic information relative to the nominal value of 
the associated indicator. Thus, all indicators reported on 
FIG. 6 are measured dynamically and quantitatively against 
the nominal values over the speci?ed time period. 

[0044] FIGS. 7 and 8 shoW dynamic performance poly 
gons and nominal performance polygons deriving from 
operation of the disclosed subject matter. In particular, FIG. 
7 depicts on netWork print plot 130 nominal performance 
polygon 132 and dynamic performance polygon 134. Net 
Work print plot 130 includes for visualization netWork RTT 
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axis 136, percent (%) byte loss axis 138, volume (to) axis 
140, volume (from) axis 142, total sessions axis 144, retrans 
mission axis 146, and users axis 148. Nominal performance 
polygon 132 takes the form of a regular seven-sided poly 
gon. As FIG. 7 depicts, nominal performance polygon 132 
represents nominal behavior of a computer netWork 12 
during a period, such as Aug. 1, 2003 through Sep. 1, 2003. 
Clearly, different period quality of service indicators may be 
represented for netWork print plot 130 according to a net 
Work manager’s preferences and needs. 

[0045] Dynamic performance polygon 134 of FIG. 7, in 
contrast to nominal performance polygon 132, presents a 
non-regular shape. The example of dynamic performance 
polygon, in particular, dynamic performance polygon 134 
exceeds nominal values of nominal performance polygon 
132 along netWork RTT axis 136, volume(to) axis 140, 
volume(from) axis 142, total sessions axis 144, and users 
axis 146. On the other hand, dynamic performance polygon 
134 presents quality of service indicator values beloW nomi 
nal performance polygon 132 along percent (%) byte loss 
axis 138 and retransmission axis 146. 

[0046] The example of FIG. 7 may be interpreted as a 
heavily used netWork. Actually, hoWever, the measured 
indicators do not shoW faulty or defective operation of the 
netWork. The netWork, While handling more than usual 
traf?c, may need to have its computer netWork 12 capacity 
increased, if the dynamic quality of service indicators con 
tinue over a period of time to indicate the statistics of FIG. 
7. 

[0047] In FIG. 8, server print plot 150 provides the ability 
to compare dynamic performance polygon 152 to nominal 
performance polygon 154. Dynamic performance polygon 
152, in this example, presents real-time normaliZed statistics 
for the time 11:50 on Jun. 12, 2003. In contrast, nominal 
performance polygon 154 displays normaliZed nominal 
behavior for the period of Jun. 1, 2003 through Jul. 1, 2003. 
Quality of service indicators for server print plot 150 include 
those displayed by SRT axis 156, percent (%) refused 
sessions axis 158, volume(to) axis 160, volume(from) axis 
162, total sessions axis 164, and burstiness axis 166. 
Dynamic performance polygon 152 reports nominal percent 
(%) refused sessions and nearly nominal burstiness statis 
tics. HoWever, SRT, volume(to), volume(from), and total 
sessions statistics all appear to exceed nominal values. 

[0048] FIG. 8 speci?cally references measurements 
against data gathered over time and averaged. The present 
embodiment plots dynamic measurements against the aver 
aged information. Dynamic performance polygon 152 dem 
onstrates that many more than the average number of 
sessions are occurring, as shoWn on total sessions axis 164. 
If this Were not so high, it might be interpreted that the 
netWork ?oWs more tra?ic volume, conducting more ses 
sions, and the server response Was simply Working hard. 
Because a great deal of volume ?oWs into the server, a 
problem may exist in computer netWork 12. For example, a 
server may be mis-con?gured. On the other hand, such 
server may be in a multi-tiered environment. So, What 
dynamic performance polygon 152 shoWs may not be an 
extreme problem. HoWever, the plot alerts the engineer to a 
potential problem, and focuses the investigation to some 
form of mis-con?guration, such as data being unexpectedly 
pushed to the server, or to the fact the server is involved in 
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a multi-tiered application (Which is also sometimes not 
knoWn to the netWork engineer). 

[0049] FIG. 9 depicts on netWork print plot 170 time 
varying dynamic performance polygons for reporting varia 
tions in computer netWork performance. In particular, net 
Work print plot 170 displays nominal performance polygon 
172 relating to the performance measurement period 
betWeen 1:00 am. February 27 and 1:00 am. Feb. 28, 2003. 
For comparison purposes, netWork print plot 170 presents 
?ve dynamic performance polygons, all taken on Feb. 27, 
2003, and at ?ve minute intervals. Speci?cally, dynamic 
performance polygon 174 relates to time 1:38 a.m.; dynamic 
performance polygon 176 relates to time 1:43 a.m.; dynamic 
performance polygon 178 relates to time 1:48 a.m.; dynamic 
performance polygon 180 relates to time 1:53 a.m.; and 
dynamic performance polygon 182 relates to time 1:58 am. 

[0050] Network print plot 170 portrays computer netWork 
12 quality of service indicators along netWork round trip 
time (NRTT) axis 184, percent (%) byte loss axis 186, 
volume(to) axis 188, volume(from) axis 190, total sessions 
axis 192, retransmission axis 194, and users axis 196. 

[0051] FIG. 9, therefore, details in a more comprehensive 
fashion the information heretofore described. Dynamic per 
formance polygon 182 Will result in a violation determina 
tion by netWork optimiZation system 40 (shoWn in FIG. 3). 
By the time a violation is determined, hoWever, dynamic 
performance polygon 182 demonstrates a high netWork 
roundtrip measurement, together With high volume(from). 
These indications may not truly be a problem. HoWever, 
because the measurements are signi?cantly above normal, 
an investigation should occur. With this information, there is 
the need to determine the cause for at least tWo of the 
indicators being out of range. The analyses should, there 
fore, be of What the causes are and What the side effects are 
of the out of range conditions. 

[0052] Dynamic performance polygons 174 through 180 
provide information in reverse order from the violation. This 
alloWs a vieW of dynamic performance polygon 180, Which 
occurs only ?ve minutes before dynamic performance poly 
gon 182. Dynamic performance polygon 180 shoWs a large 
percentage byte loss. Another out of speci?cation indicator 
is the retransmission indicator. There Was also more volume 
to the server. Going back one more frame to dynamic 
performance polygon 178, it is possible to see that the only 
indicator that is out of speci?cation is the number of users. 

[0053] By continuing to back up the measurements, it is 
possible to isolate the ?rst out of range indicator. This may 
assist in determining the root cause of the netWork malfunc 
tions or mis-con?gurations. In dynamic performance poly 
gon 174, the total sessions and users indicators are high. 
Thus, What caused the netWork to malfunction Was the 
presence of too many sessions and users. This situation, 
hoWever, is not at all apparent from the measurement, i.e., 
dynamic performance polygon 182 that resulted in the 
service agreement violation. That is, the violation Was an 
effect, and certainly not a cause of the netWork malfunction. 
This demonstrates the dynamic, interrelated nature of com 
puter netWork 12 and hoW a netWork degradation may affect 
different quality of service indicators. 

[0054] Thus, using the combination of dynamic perfor 
mance polygons and nominal performance polygons in 
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server and network print plots, there is the potential for 
indicating correlations and causalities. 

[0055] The disclosed subject matter may provide the abil 
ity to determine a netWork violation at some period before 
it occurs. In such case, there may be the ability to respond 
to an indicator change and, thereby, take preemptive action 
that could reduce or eliminate serious netWork effects. Such 
preemptive action may include avoiding over-use of net 
Work resources or timing of excessive netWork loading to 
occur at more optimal times. 

[0056] In yet a further embodiment of the disclosed sub 
ject matter, there is the ability to associate a plurality of 
server or netWork print plots. It may be possible to categori 
cally identify the different violations that occur by vieWing 
a broad array of server or netWork print plots. Upon cat 
egorically identifying such violations, based on the server or 
netWork print plots, the disclosed server or netWork print 
plots may provide insights into hoW to categorically elimi 
nate netWork violations or out of range conditions. By 
categorically eliminating problems, based on the character 
istic server or netWork print plots that such problems gen 
erate, the disclosed subject matter may very signi?cantly 
improve overall netWork operations. 

[0057] Moreover, by creating and diagnosing categories of 
server or netWork print plots, the present embodiment may 
suggest correlations betWeen different categories of netWork 
conditions that generate characteristic server print plots. By 
responding to server or netWork print plot data, even prior to 
an out of range condition arising, the disclosed subject 
matter may even more signi?cantly improve overall netWork 
performance. 

[0058] On an even larger scale, by associating categories 
of server or netWork print plots from various points of a 
netWork system, the disclosed subject matter may provide 
real-time data for assisting in the diagnosis of netWork 
problems at many different levels. Thus, in addition to 
providing comparisons of real time visualiZations of com 
puter netWork 12 performance, the disclosed subject matter 
alloWs for the aggregation of statistics over longer periods of 
time. Such aggregations enable trend analyses for both 
longer term and larger scale performance management func 
tions. For example, FIGS. 10 and 11 display overall netWork 
exception status information for a particular computer net 
Work 12. Although the information presented by FIGS. 10 
and 11 is the same in the example, the tWo plots appear in 
different forms. 

[0059] FIG. 10, for example, reports in overall netWork 
exception status bar chart 200 exception status for the 
months of 9-2004 (September) in bar 202, 10-2004 (Octo 
ber) in bar 204, 11-2004 (November) in bar 206, and 
12-2004 (December) in bar 208, all across axis 201. The 
“hours in violation” axis 201 varies, in this example, from 0 
to 5000 hours for presenting the cumulative hours that 
computer netWork 12 violates the applicable service agree 
ment. Violations may vary from unWanted peer-to-peer 
traf?c, as bar 202 portion 210 relates to the more common 
violations appearing in all bars 202 through 208. That is, 
violations may include NetBIOS over 25 percent (%) vio 
lation 212, overall utiliZation over 80 percent (%) violation 
214, unexpectedly high management tra?ic violation 216, 
and unWanted real-time streaming protocol (RSTP) traf?c 

Dec. 13, 2007 

violation 218. FIG. 10, therefore, provides a clear visual 
iZation of the cumulative exception status for computer 
netWork 12. 

[0060] In contrast, FIG. 11 shoWs overall netWork excep 
tion status point chart 220 for visualiZing the exception 
status of computer netWork 12 during the same reporting 
period of FIG. 10. Overall netWork exception status point 
chart 220 uses “hours in violation axis”222, Which ranges 
from 0 to 2600 hours for displaying exception status varia 
tions in computer netWork 12 on a per-violation basis. Thus, 
for overall computer netWork 12 exceptions occurring dur 
ing the period 9-2004 through 12-2004, plot 224 reports 
variations in the NetBIOS over 25 percent (%) violation, 
plot 226 reports variations in overall utiliZation being over 
80 percent (%), plot 228 reports the unexpectedly high 
management tra?ic violation, plot 230 reports the unWanted 
peer-to-peer tra?ic violation, and plot 232 reports unWanted 
RTSP violations. 

[0061] While FIGS. 10 and 11 relate to overall netWork 
statistics, FIG. 12 presents violation trend bar chart 240 that 
further demonstrates the ability of the disclosed subject 
matter to aid in performance management of computer 
netWork 12. FIG. 12 presents in violation trend bar chart 
240, a speci?c violation, i.e., unWanted RTSP traf?c, is 
reported on a per site 14 basis. Chart 240 of FIG. 12 may, 
for example, be generated in response to a “drill in” of plot 
232 in FIG. 11. Moreover, individual site 14 violation data 
is reported over speci?c time periods. Thus, for the NeW 
York GateWay Interface, for example, bar 242 reports the 
hours in violation for October 2004 for unWanted RTSP 
tra?ic, here approximately 550 hours. Bars 244 and 246 
report the same type of data for the months of November 
(approx. 510 hours) and December 2004 (approx. 540 
hours), respectively. In the example of FIG. 12, computer 
netWork 12 includes forty-tWo sites 14. HoWever, violation 
trend bar chart 240, for the sake of simplicity and clarity, 
only displays the six sites demonstrating the more signi?cant 
violations, based on a dynamic algorithm. In the example, 
these include the TaiWan interface site in bars 248, the 
Fairbanks interface site in bars 250, the Saigon interface site 
in bars 252, the Santa Fe interface site in bars 254, and the 
Milan interface site in bars 256. 

[0062] In summary, therefore, the disclosed subject matter 
provides a method and system for visualiZing and monitor 
ing quality of service of a computing netWork. The method 
includes the steps and the system includes the structures for 
monitoring application netWork transactions and behaviors 
for the computing netWork. The computing netWork 
includes one or more client subnets accessing one or more 

servers. The monitoring may be independent of client site 
monitors. The method and system gather statistical data 
relating to at least one netWork, a server, and associated 
applications and generate a plurality of measurements of at 
least one quality of service indicator. The quality of service 
indicators relate to the performance of the computer net 
Work. The method and system further display the plurality of 
measurements of the at least one quality of service indicator 
according to the date and time of gathering the statistical 
data and display graphically the degree by Which each of 
said plurality of measurements of the quality of service 
indicator varies from a predetermined threshold quality of 
service level for the computing netWork. 
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[0063] In further summary, the disclosed subject matter 
provides a method and system for visualiZing and monitor 
ing the performance of a computer network that include the 
steps and structures for displaying graphically a plurality of 
averaged netWork quality of service indicators. The aver 
aged netWork quality of service indicators are associated on 
a radial plot and visually interlinked to form a nominal 
performance polygon. The nominal performance polygon 
includes a plurality of corners. Each of said comers corre 
sponds to a separate one of the plurality of averaged quality 
of service indicators. The method and system furthermore 
dynamically measure a plurality of network quality of 
service indicators. Each of the plurality of netWork quality 
of service indicators corresponds to one of the plurality of 
averaged netWork quality of service indicators. The method 
and system display graphically the dynamically measured 
plurality of netWork quality of service indicators as radial 
plot points on the radial plot and visually interlink the radial 
plot points for forming a dynamic performance polygon. The 
dynamic performance polygon relates to the dynamic per 
formance of the computer netWork. The disclosed subject 
matter alloWs monitoring the dynamic performance of the 
computer netWork by dynamically comparing variations in 
said dynamic performance polygon With said nominal per 
formance polygon. 

[0064] The foregoing description of the preferred embodi 
ments, therefore, is provided to enable any person skilled in 
the art to make or use the claimed subject matter. Various 
modi?cations to these embodiments Will be readily apparent 
to those skilled in the art, and the generic principles de?ned 
herein may be applied to other embodiments Without the use 
of the innovative faculty. Thus, the claimed subject matter is 
not intended to be limited to the embodiments shoWn herein 
but is to be accorded the Widest scope consistent With the 
principles and novel features disclosed herein. 

What is claimed is: 
1. A method for visualiZing and monitoring quality of 

service of a computing netWork, the method comprising: 

monitoring application netWork transactions and behav 
iors for the computing netWork, the computing netWork 
including one or more client subnets accessing one or 
more servers, the monitoring capable of being inde 
pendent of client site monitors; 

gathering statistical data relating to at least netWork, 
server, and application for generating a plurality of 
measurements of at least one quality of service indica 
tor associated With the performance of said computer 
netWork; 

graphically displaying said plurality of measurements of 
said at least one quality of service indicator according 
to the date and time of gathering said statistical data; 
and 

further displaying graphically the degree by Which each of 
said plurality of measurements of said quality of ser 
vice indicator varies from a predetermined threshold 
quality of service level for the computing netWork. 

2. The method of claim 1, further comprising the step of 
identifying a subset of said plurality of measurements of said 
at least one quality of service indicator according to the 
Week day on Which said subset of plurality of measurement 
occurs. 
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3. The method of claim 1, further comprising the step of 
identifying a subset of said plurality of measurements of said 
at least one quality of service indicator according to the hour 
during a day in Which said subset of plurality of measure 
ment occurs. 

4. A system for visualiZing and monitoring quality of 
service of a computing netWork, the system comprising: 

netWork monitoring circuitry for monitoring application 
netWork transactions and behaviors for the computing 
netWork, the computing netWork including one or more 
client subnets accessing one or more servers, the moni 
toring capable of being independent of client site 
monitors; 

statistical data gathering circuitry for gathering statistical 
data relating to at least netWork, server, and application 
for generating a plurality of measurements of at least 
one quality of service indicator associated With the 
performance of said computer netWork; 

a display for graphically displaying said plurality of 
measurements of said at least one quality of service 
indicator according to the date and time of gathering 
said statistical data; and 

said display further comprising graphical display circuitry 
for further displaying graphically the degree by Which 
each of said plurality of measurements of said quality 
of service indicator varies from a predetermined thresh 
old quality of service level for the computing netWork. 

5. The system of claim 4, further comprising instructions 
for associating said predetermined threshold quality of ser 
vice level With a service level agreement associated With the 
computing netWork. 

6. The system of claim 5, further comprising instructions 
for grouping said plurality of measurements of said at least 
one quality of service indicator according to the degree by 
Which each of said measurements violates said service level 
agreement. 

7. A method for visualiZing and monitoring the perfor 
mance of a computer netWork, comprising the steps of: 

displaying graphically a plurality of averaged netWork 
quality of service indicators, said averaged netWork 
quality of service indicators associated on a radial plot 
and visually interlinked to form an nominal perfor 
mance polygon, said nominal performance polygon 
comprising a plurality of corners, each of said corners 
corresponding to a separate one of said plurality aver 
aged quality of service indicators; 

dynamically measuring a plurality of netWork quality of 
service indicators, each of said plurality of netWork 
quality of service indicators corresponding to one of 
said plurality of averaged netWork quality of service 
indicators; 

displaying graphically said dynamically measured plural 
ity of netWork quality of service indicators as a radial 
plot point on said radial plot; 

visually interlinking said radial plot points for forming a 
dynamic performance polygon, said dynamic perfor 
mance polygon relating to the dynamic performance of 
said computer netWork; and 

monitoring the dynamic performance of the computer 
netWork by dynamically comparing variations in said 
dynamic performance polygon With said nominal per 
formance polygon. 
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8. The method of claim 7, further comprising the step of 
graphically displaying said plurality of measurements of 
said at least one quality of service indicator from the group 
consisting essentially of network round trip time, percent 
(%) byte loss, Volume (to) traf?c, Volume (from) traf?c, 
number of total sessions, number of retransmission, and 
number of users. 
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9. The method of claim 7, further comprising the step of 
determining a plurality of netWork quality of service prob 
lems as a result of monitoring the dynamic performance of 
the computer network using said dynamic performance 
polygon and said nominal performance polygon. 

* * * * * 


