
PAM2000 1Network Performan
e Visualization: InsightThrough Animation.Brown J.A., M
Gregor A.J., Braun H-WAbstra
t| In passive and a
tive measurementproje
ts it is easy to generate large volumes of rawdata. Although this allows for detailed analysis, thelarge volume is an impediment to understandingthe data and lo
ating interesting events. One ap-proa
h to this problem is to use visualization toolsto produ
e a graphi
al rendering of the data thatallows a user to explore the data \by eye."Ci
hlid is a visualization tool that provides high-quality 3-D, animated visualizations of a wide rangeof network analysis related data sets. Ci
hlid al-lows the viewer to explore and intera
t with thedata sets in real time. It was designed with re-mote data generation and ma
hine independen
e inmind; data is transmitted via TCP from any num-ber of sour
es (data servers) to the visualization en-gine (the 
lient), whi
h displays them 
on
urrently.Ci
hlid features real-time data display, point-and-
li
k user feedba
k, and dynami
 data 
oloringand labeling. Sequen
es of frames may be 
apturedfor later en
oding in a standard movie format andsingle frames may be rendered at arbitrary resolu-tions.Using Ci
hlid has allowed us to gain new insightsinto the data we 
olle
t and will, we feel sure, aidothers in the networking 
ommunity, parti
ularlynetwork providers, to more easily gain an overviewof the data that they 
olle
t.Keywords| Network performan
e, visualization,OpenGL. I. Introdu
tionIf a pi
ture is worth a thousand words, then ananimated visualization is worth a thousand stati
graphs.The National Laboratory for Applied NetworkResear
h (NLANR)[1℄ has a number of networkmeasurement proje
ts that produ
e large volumesof data. These in
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Monitoring and Analysis proje
t (PMA), the A
-tive Monitoring Proje
t (AMP), and the 
olle
tionand analysis of SNMP and BGP data.[2℄[3℄ All to-gether, these proje
ts produ
e gigabytes of dataand thousands of Web pages of graphs and sum-maries ea
h day. A large volume of data is ne
es-sary be
ause it is not known apriori whi
h partsof the data will 
ontain interesting features andbe
ause di�erent users are interested in di�erentparts of the measured systems. As a 
onsequen
eof the s
ale of the systems, it is not humanly pos-sible for users to s
an all of the data or web pagesfor interesting artifa
ts, but in not doing so, im-portant network events may be overlooked. Asone approa
h to address this need, NLANR hasdeveloped the Ci
hlid[4℄ tool for visualizing andanimating data sets.Ci
hlid allows its users to view data sets in threedimensions, as if they were physi
al obje
ts. Thedata 
an be animated (to show 
hanges over time)and the point of view 
an be 
hanged (zoomingand moving around the data). Often, a physi
alanalogy of the data 
an be developed; for exam-ple, network delays between a 
olle
tion of sites,visualized as an interpolated surfa
e and animatedin time, gives a display similar to the view from
ying over mountainous terrain (see �gure 1). Dif-ferent lands
apes are related to di�erent network
onditions. We have found that using Ci
hlid fornetwork data visualization, provides new insightsinto the data we 
olle
t.Ci
hlid is written in C, using the OpenGL[5℄ andGLUT[6℄ graphi
s libraries. The 
ode is portableand is 
urrently being used on the FreeBSD,Linux, Mi
rosoft Windows, and IRIX platforms.The sour
e 
ode for Ci
hlid is freely available, asare the sour
es for GLUT, a window system in-terfa
e for OpenGL programs, and for Mesa[7℄, anOpenGL-like graphi
s library. Thus, the tool 
anbe built for free, and used on standard PC hard-ware, as well as high-end SGI workstations.
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Fig. 1. Network \Terrain"Ci
hlid is implemented as a 
lient-server sys-tem; one or more data servers provide raw datathrough TCP 
onne
tions to a 
lient whi
h ren-ders the data graphi
ally. Splitting the systemthis way allows the data server(s) to be on one ormore remote ma
hines, possibly the systems wherethe data are 
olle
ted or stored. The 
lient, whi
hperforms the rendering, is run on the user's work-station. Care has been taken in the design of theproto
ols and support software to minimize thedata transfer required between the 
lients and theservers. II. Fun
tionalityA. Types of VisualizationCi
hlid 
urrently supports two types of graphs:3-D bar 
harts, whi
h are useful for displaying nu-meri
 quantities that are fun
tions of two inde-pendent variables, and vertex/edge graphs, whi
hare good for representing topology. Ci
hlid bar
harts have been used to show data sets that in-
lude matri
es of network delays between pairs ofsites, traÆ
 distribution over address blo
ks, aswell as traÆ
 volume by proto
ol and sour
e. Thevertex/edge mode has been used to visualize datasets that in
lude laten
ies from a single site toothers, as well as those showing network evolutionover time. In most 
ases, these data sets are ani-mated in time by repeatedly supplying data fromsu

essive measurements at real-time intervals.The two types of graphs that Ci
hlid supportsare des
ribed below:� Bar ChartsA bar 
hart obje
t (see �gures 2 and 3) 
onsistsof a re
tangular array of \bars." Ea
h bar 
on-

One "bar" of
a bar chart.

One "stack" of
a "bar".

Fig. 2. Bar Chart Components

(a) Sta
ked Bar Chart

(b) Interpolated Surfa
eFig. 3. Examples of Ci
hlid Bar Charts
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Vertices

An EdgeFig. 4. Vertex-Edge Graph Componentssists of one or more \sta
ks," and ea
h sta
k 
on-tains height and 
olor attributes. The sta
ks arepla
ed end-to-end to form the bars, and the barsare pla
ed on the base plane at evenly spa
ed in-tervals to form the bar 
hart.� Vertex-Edge GraphsA vertex-edge graph (see �gures 4 and 5) 
onsistsof two arrays: one of vertex stru
tures, and one ofedge stru
tures. This 
orresponds 
losely to theabstra
t mathemati
al representation of a graphas G(V;E), ex
ept that the verti
es and edges inCi
hlid 
ontain not only 
onne
tivity information,but also graphi
al attributes. Ea
h vertex is de-�ned by a VtxInfo stru
ture, whi
h 
ontains a 3-Dlo
ation ve
tor, a relative size parameter, 
olor in-formation, and a drawing style hint. Ea
h edge isde�ned by an EdgeInfo stru
ture, whi
h indi
atesthe verti
es where the edge terminates, the dire
-tionality of the edge, size, 
olor, and style. Theverti
es are de�ned to exist in a 3-D 
oordinatespa
e, whi
h is de
lared ahead of time; this spa
eis mapped to the �nal graphi
al representation.The edges are de�ned to 
onne
t pairs of verti
es.This information does not in itself de�ne a graphi-
al representation; it des
ribes the graph, and pro-vides hints as to how it should be drawn. This isa very 
exible model in that arbitrary graphs 
anbe displayed; the only 
ondition is that they mustbe laid out in Eu
lidean spa
e.Figure 6 shows examples of Ci
hlid visualiza-tions of real data. Figure 6(a) is a plot of bu
ketedpa
ket lengths over time. Ea
h bu
ket along theX-axis represents a range of pa
ket sizes. Olderdata samples are spread along the Y-axis. Theheight of ea
h bar indi
ates the number of pa
k-ets that fall in a parti
ular bu
ket during a sampleinterval. Figure 6(b) is an address spa
e visualiza-

Fig. 5. Vertex-Edge Graph Example

(a) Pa
ket Length Distribution Over Time

(b) TraÆ
 Volume By Address Blo
kFig. 6.
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Fig. 7. Ci
hlid Componentstion. Ea
h bar 
orresponds to a portion of the IPaddress spa
e; the height represents the numberof pa
kets sent during the previous sample.Regardless of the types of graphs being dis-played, the user's point of view 
an be 
hanged in-dependently of the data obje
ts, allowing the datasets to be explored from di�erent angles. Render-ing parameters 
an be adjusted by the user, allow-ing them to view the obje
ts as solids, wire-framemodels, and in the 
ase of bar 
harts, interpolatedsurfa
es.B. Distribution of Fun
tionA visualization built using Ci
hlid is 
omposedof two sets of 
omponents, shown in �gure 7. Thesystem 
ontains appli
ation-spe
i�
 
ode (whi
hprodu
es data), and an appli
ation-independentvisualization engine (whi
h 
onsumes data andrenders the visualization). Data is transported be-tween these two 
omponents using TCP 
onne
-tions, with the data produ
ers a
ting as serversand the data 
onsumers as 
lients.While the data normally 
ows from the serverto the 
lient, some data moves in the oppositedire
tion. A user is able to query the server by
li
king on a 
omponent of the visualization. Thequery is sent to the data server whi
h replies witha text string. The visualization engine, then dis-plays the string as part of the visualization. This
an be used, for example, to support pop-up la-bels indi
ating the sour
e of a measurement (see�gure 6[b℄).Ci
hlid provides an entire visualization infras-tru
ture, in
luding the rendering and data trans-fer fun
tionalities. The Ci
hlid user who wishes

to build a new visualization need only write 
odein a Ci
hlid server whi
h manipulates that datato 
onform to one of Ci
hlid's data models. TheCi
hlid system then handles the data transport,output visualization, and user intera
tion. Sin
ethe infrastru
ture itself is data and appli
ation-independent, 
reating a new visualization is re-du
ed to merely having to write 
ode to importappli
ation-spe
i�
 data and hand it to Ci
hlidthrough a fun
tion-
all interfa
e. This allows newvisualizations to be developed rapidly and with aminimum of e�ort.III. DesignThe Ci
hlid visualization system performs threeprimary fun
tions:1. Abstra
tion and Modeling - representing real-world data in an abstra
t and appli
ation-independent manner.2. Colle
tion and Distribution - a

epting data atthe sour
es, and delivering it to the visualizationengine.3. Visualization - rapidly rendering data into at-tra
tive visualizations.A. Abstra
tion and ModelingA powerful feature of Ci
hlid is that its internaldata representations are not tied to any parti
ularappli
ation; they are abstra
t models. Generally,when user data enters the system, it goes throughuser 
ode whi
h manipulates the data to �t oneof the models Ci
hlid provides. We 
all these ab-stra
t models Ci
hlid \data sets." The DataSetobje
t family is responsible for representing andoperating on data sets eÆ
iently, and for providingar
hite
ture-independent external representationson demand. It is worth noting that these datamodels are not inherently tied to any parti
ulargraphi
al representation or display API.Ci
hlid provides several di�erent data models.Ea
h is designed to be powerful enough to repre-sent useful data, simple enough to be 
onvenient,and general enough so that ea
h new appli
ationthat 
omes along does not require spe
i�
 exten-sions to the models. As mu
h as possible, thegraphi
al details of the visualization are left outof the parameter set. There are no advan
ed vi-sual parameters su
h as re
e
tion, 
ollision behav-ior, transparen
y, or fogging spe
i�ed in the data



PAM2000 5models. Supporting su
h parameters would addto the 
omplexity of the underlying system andburden the server writer by requiring more infor-mation to be produ
ed.Some of the parameters in the data models are�xed at the time that the DataSet obje
ts are 
re-ated | for example, the 
oordinate spa
es overwhi
h vertex-edge graphs will be de�ned | butmost parameters 
an be 
hanged at any time bythe data server. This 
exibility allows for model-ing (and visualizing) 
ontinuously 
hanging datasets.The DataSet obje
t family represents all ofthe abstra
t data models supported by Ci
h-lid. It in
ludes methods to populate and up-date the data models, and 
ode
s to 
onvert be-tween the internal obje
t representations and 
om-pa
t, ma
hine-independent external representa-tions used to transport the obje
ts to remote pro-
esses.The en
oded data are typi
ally transmitted overwide-area networks, so the en
oding s
hemes aredesigned with an emphasis on saving spa
e. Tofa
ilitate this, the 
ode
s 
an operate in a di�eren-tial mode (en
oding state 
hanges in the obje
ts),if this en
oding takes up less spa
e than the obje
titself.Although minimizing the volume of data trans-ferred is of primary importan
e, speed is also a
on
ern sin
e CPU time is often at a premium atthe de
oder, whi
h is also the visualization 
lient.In parti
ular, a tradeo� between speed and a

u-ra
y is made for 
oating-point values. Sin
e thespatial quantities involved in visualizations neednot vary over many orders of magnitude, and sin
ea small loss of a

ura
y does not a�e
t the visual-izations noti
eably, 
oating point values are quan-tized to �xed-width integers for transmission.The DataSet obje
t family 
ontains several sub-obje
ts, one for ea
h data model supported. TheDataSet obje
t interfa
e provides methods thatare 
ommon to all sub-obje
ts, su
h as destru
tionand en
oding, and it exposes methods that arespe
i�
 to the sub-obje
t types.While methods to operate on the sub-obje
tsare provided, the means to expli
itly referen
ethem are not; all exposed methods take DataSetpointers. This adds the need for some run-time pointer table lookups, but simpli�es the pro-

gramming interfa
e somewhat. All operations onthe DataSet obje
ts must be performed throughmethod 
alls; the user is not free to assign di-re
tly to any members of a DataSet. This stri
tlypro
edural interfa
e allows the DataSet obje
tsto 
heaply tra
k state 
hanges and perform dif-ferential en
oding, without having to do large set
omparisons.B. Data Colle
tion and DistributionOne of the key features of Ci
hlid is that it is adistributed system. There are data servers, whereuser data enters the system, and data 
lients,whi
h 
onsume the data and generate visualiza-tions. User 
ode at the server 
onverts the datainto one of Ci
hlid's models as a DataSet obje
t,and built-in server 
ode maintains the DataSet ob-je
t as well as 
onne
tions to 
lients. The 
ommu-ni
ations and proto
ol modules whi
h the 
lientand server share are responsible for propagatingstate 
hanges from the server to the 
lient in aneÆ
ient and ar
hite
ture-independent manner.There are two phases of data 
olle
tion that takepla
e in a Ci
hlid visualization. The �rst is whenuser 
ode 
olle
ts appli
ation-spe
i�
 data, ana-lyzes them, and populates DataSet obje
ts; these
ond is when the Ci
hlid 
lient 
olle
ts the mod-eled data from Ci
hlid servers. The data distribu-tion takes pla
e between the two: the DataSet isen
oded and distributed from the Ci
hlid serversto waiting Ci
hlid 
lients.The data 
olle
tion 
ode that abstra
ts theappli
ation-spe
i�
 data into DataSet models isthe responsibility of the server writer, sin
e thetoolkit itself has no knowledge of the appli
ationdomain. The analysis 
ode populates the DataSetobje
ts through 
alls to the a

essor methods thatare exposed for manipulating the models. In pra
-ti
e, the user server 
ode that does this is in-voked from the Ci
hlid server library through oneof the fun
tion 
allba
ks available | for exam-ple, it 
an be 
on�gured to be invoked upon every
lient request, or ea
h time the server �nds itselfwith no immediate 
lient requests pending. Asthe user 
ode manipulates the DataSet over time,the DataSet model be
omes a dynami
, abstra
trepresentation of the data to be visualized.The Ci
hlid server library handles the overall
ontrol 
ow of the server. As 
lients 
an 
ome



PAM2000 6and go, it is the responsibility of the server libraryto ensure that ea
h 
lient gets an a

urate repre-sentation of the DataSet model's state at the timeit re
eives a request for it. Not only is it impor-tant to transmit the state information 
orre
tly,it's also important to transmit it eÆ
iently. Theserver makes use of the 
ode
 methods providedwith the DataSet obje
ts to assemble the raw datato be transmitted to a given 
lient; it uses the pro-to
ol and 
ommuni
ations modules 
ommon to the
lients and servers to frame the data for transmis-sion, and to perform all so
ket operations neededto transport the data.On the 
lient side, the data distribution 
om-pletes with the 
lient re
eiving and de
oding thedata, essentially reversing the steps that tookpla
e in the servers. The 
lient's 
opy of theDataSet obje
t is thus set up as a mirror of theone on the server. The 
lient performs these op-erations for ea
h server to whi
h it is 
urrently
onne
ted, 
olle
ting the data streams and keep-ing all of the DataSet obje
ts as up-to-date as theperforman
e of the network and the 
lient allows.To aid 
lients and servers in 
ommuni
at-ing with ea
h other, and to prevent them fromattempting to 
ommuni
ate with in
ompatible
lients and servers (be they in
ompatible versionsof Ci
hlid, or the latest sendmail repla
ement), arudimentary greeting-handshake proto
ol is imple-mented. This proto
ol uses a plain-text des
rip-tion of the �xed DataSet parameters as well asthe program and proto
ol version numbers. Us-ing a text format has several advantages in
ludingmaking it possible to identify orphaned servers bysimply using telnet to 
onne
t to them.A simple framing proto
ol is also implemented,in whi
h all data sent between 
lients and serversafter the handshake is sent in 
omplete \frames,"whi
h 
an vary in size from frame-to-frame, butmust have a predetermined size whi
h 
annot be
hanged during transmission | mu
h like a data-gram. The proto
ol in
ludes distin
t headers tohelp dete
t proto
ol errors, and provides multi-plexing based upon a \frame type" parameter.The proto
ol was designed so that many streams
ould be pro
essed in a nonblo
king fashion with-out the need for threading or additional pro
esses.This framing proto
ol runs on top of TCP, so isnot ne
essary to provide redundan
y 
he
king.
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Fig. 8. Ci
hlid Data FlowFigure 8 illustrates the high-level layout anddata 
ow of a Ci
hlid visualization.C. Data VisualizationThe Ci
hlid 
lient, the most 
omplex part of thesystem, is responsible for all of the visualizationfun
tions. It has a set of renderer modules whi
hprodu
e graphi
al representations of the abstra
tdata sets, as well as 
ode to maintain the on-s
reenvisualization and to provide an interfa
e to enableusers to intera
t with the displayed data sets.The data provided by the user analysis 
ode isultimately shipped to one or more 
lients for visu-alization. The operations performed by ea
h 
lientare more 
omplex than those performed by the



PAM2000 7servers; but sin
e the 
lient 
ode operates solely onabstra
t DataSet models, it requires no modi�
a-tion to be used with new visualizations. The visu-alization developer is thus insulated from the de-tails of the graphi
s system, parti
ularly from thenumerous 
al
ulations that must be performed,and from the OpenGL API, whi
h has a seem-ingly endless number of state variables to worryabout.The visualization 
lient is responsible for main-taining the display of all data from ea
h of the
onne
ted servers, for requesting new data fromthe servers as it has the pro
essing 
apa
ity tohandle more, and for interfa
ing with the visu-alization user to allow them to intera
t with thedisplayed graphs | 
hanging viewpoints and ren-dering settings, requesting the server to performappli
ation-dependent operations on the data, andeven allowing the user to request appli
ation-dependent information about spe
i�
 elements ofthe displayed DataSet dire
tly from the \user"server 
ode.The primary sour
e of 
omplexity in the 
lientis in the 
ode whi
h performs the OpenGL render-ings of the DataSet obje
ts. Ea
h DataSet sub-obje
t in the shared \data set" library has a 
orre-sponding \renderer" in the 
lient that is responsi-ble for generating all the OpenGL 
alls to visualizeit. The renderers bypass the DataSet obje
t's pro-
edural interfa
e for speed. The renderers them-selves store only an
illary graphi
al informationand drawing option settings. When they performthe rendering, they read the data dire
tly fromthe DataSet obje
ts. This violates the obje
t-abstra
tion model, but this is a

eptable due tothe speed improvement a
hieved be
ause the ren-derer does not have to waste time 
opying largeamounts of information out of DataSets, and itdoes not have to make method 
alls to get at thedata. While the fun
tion 
all overhead would notordinarily be a problem | it's �ne at the serverend | the renderer 
ode may be 
alled very fre-quently, and ea
h 
all 
an involve iterating overthe DataSet several times. Given this need forspeed, and that the renderers do not modify theDataSet obje
ts, the fun
tion 
all interfa
e onlygets in the way. We trade 
leanly de
oupled ren-derers and DataSet obje
ts for speed.The renderers 
orresponding to the various

DataSet sub-obje
ts 
ontain full knowledge ofthe internals of that type of DataSet; they alsohave several di�erent strategies for rendering thatDataSet. The various strategies o�er trade-o�sbetween rendering in a manner that more 
loselymat
hes the style hints provided in the DataSet,and rendering in a manner that is as fast as pos-sible. IV. Strengths and WeaknessesThe strengths of the Ci
hlid system derive fromthe fa
t that it is not designed for a spe
i�
 visu-alization. Requiring that the data be abstra
tedbefore it enters the Ci
hlid system ensures dataindependen
e. It does pre
lude detailed analy-sis in the visualization 
lient, and it 
ompli
atesuser intera
tion with the data, sin
e any requestsfor information from, or detailed manipulation of,the appli
ation-spe
i�
 data must be handled re-motely in the data server.Portability is one of the prin
iples unders
or-ing the entire design. The vast majority of thesystem is written in ANSI C, with no dependen-
ies on a parti
ular platform or on nonstandardextensions to the C library. While this results in
ode that is portable to di�erent operating sys-tems, Ci
hlid needs to perform graphi
al output,intera
t with the user, do high-resolution timing,and perform so
ket I/O, the spe
i�
s of whi
hare system-dependent. The use of the OpenGLand GLUT APIs allow for platform-independentgraphi
s operations; but several extensions aresupported on spe
i�
 platforms, su
h as the useof Crystal Eyes stereo glasses on SGI worksta-tions. In order to 
on�ne the s
ope of the system-spe
i�
 
ode, it is 
ompartmentalized in spe
ial-purpose modules, the most prominent of whi
h arethe so
ket I/O module and the general-purposesystem-dependent module whi
h handles simplerthings like timing, random number generation,size-spe
i�
 data type de�nitions, and header �lemanagement. The primary task in porting Ci
h-lid to new platforms is the adaptation of those twomodules to the target OS. It 
urrently is adaptedto the BSD-style UNIX, IRIX, Linux, and win32programming environments. While the serversmake use of these modules, they have no inherentneed for a windowing system or graphi
s libraries,and may be built on systems without those a

ou-



PAM2000 8terments.The design of Ci
hlid is 
entered heavily aroundthe use of opaque obje
ts. The design does not ex-pose data stru
tures of an obje
t to other modules;while this is sometimes awkward in C, sin
e it ne-
essitates the use of many a

essor fun
tions, theobje
t-oriented design simpli�es the maintenan
eof the 
ode and the addition of new features. Con-version to C++ would simplify the design a bit,and as the C++ implementation in the free \g

"
ompiler suite has 
ome of age, it is a de�nite pos-sibility for the future.The Ci
hlid 
lient 
urrently la
ks an intuitiveuser interfa
e. The 
urrent user interfa
e is pri-marily textual, with a myriad of 
ommands beinga

essed through single-key inputs in the graphi
window, while the 
ommand output 
omes out onthe system's \standard output" devi
e. This isawkward at �rst, sin
e there are too many 
om-mands to intuitively map to single keystrokes, andit requires swit
hing between the text and stan-dard output windows to see status messages. Af-ter a bit of experien
e, however, the dire
t, tersestyle of 
ommand input is 
onvenient and fast touse, and the graphi
al display is not 
luttered upwith the 
hit-
hat of status messages. The mouseis used for 
amera movement and point-and-
li
ksele
tion. Work is underway to add pop-up menusand a bona �de status window so that the systemis less daunting to new users.As previously mentioned, all of the data trans-port in Ci
hlid is implemented on top of TCP.While having a reliable 
onne
tion simpli�es thesystem design, the system is not able to adapt thedata stream e�e
tively to a

ount for laten
y orpa
ket loss, as is possible with appli
ations thatuse UDP. Not mu
h 
an be done about this | thedata-independen
e restri
tion prohibits the Ci
h-lid system itself from guessing or interpolatingaround losses, as one 
ould a

eptably do withsomething like a video stream. Additionally, the
lient/server proto
ol operates in a stop-and-waitmanner, without the ability to pro
ess 
on
urrentrequests. This simpli�ed the initial implementa-tion, but makes the visualization very sensitive tonetwork laten
y, parti
ularly at high frame rates.What the proto
ol needs is some sort of pipelin-ing ability; this 
an be added in the future withminimal, if any, modi�
ation to the server writers'

interfa
e, be
ause they intera
t stri
tly with dataobje
ts, irrespe
tive of the \wire" proto
ol.While the Ci
hlid system allows one 
lient to be
onne
ted to many servers at on
e, 
urrently, ea
hserver 
an only handle a single 
lient 
onne
tionat a time. This will be improved in the future,with minimal 
hanges to the server API.V. What's NextThere are many opportunities for making im-provements to Ci
hlid: parti
ularly the additionof a more intuitive user interfa
e, and 
onvenien
efeatures su
h as the ability to save and restorethe state of a visualization a
ross invo
ations ofthe 
lient. We also would like to add new datamodels to the toolkit, whi
h would allow for newtypes of visualizations, and to 
ontinue to improvethe 
urrent models in response to requests fromour users. In addition, we'd like to add somegraphi
al ni
eties to the design, su
h as supportfor simple bit-mapped textures, and the abilityto save output in a ve
tor-graphi
 format (su
has PostS
ript) that is more amenable to printingthan bitmaps.Some portions of the internal ar
hite
ture, su
has the 
lient-server proto
ol, are implementedin naive ways that redu
e the s
alability andthroughput of the tool. While these internal me-
hani
s 
ould use some improvements, 
hanges ofthis type are not ne
essary for the basi
 fun
tion-ality of the tool, and they 
an be implementedin an in
remental fashion without intervention bythe visualization designers.All pro
esses in Ci
hlid are single-threaded.This eases portability, parti
ularly to systemswithout POSIX-threads, but 
reates some 
ompli-
ated nonblo
king servi
e loops. Portions of thesystem, parti
ularly the 
lient, may be 
onvertedto use threads in the future.The modular design of Ci
hlid does not pre-
lude the addition of these or other improvements.It does, however, make it diÆ
ult to introdu
eappli
ation-spe
i�
 behavior on the 
lient side;this is a
tually a feature of the design, sin
e wehave strived for generality and reusability.In 
on
lusion, Ci
hlid has been used in a num-ber of network analysis proje
ts, in
luding thoseat NLANR and other organizations. The Ci
h-lid visualization system has proved helpful in un-



PAM2000 9derstanding network behavior and in highlight-ing anomalies. It has been parti
ularly usefulin demonstrations, as shown at re
ent Super
om-puting 
onferen
es, where it enabled attendees toqui
kly understand the data being presented. TheCi
hlid ar
hite
ture, whi
h minimizes the work re-quired to 
reate new visualizations, allowed thesedemonstrations to be developed in just a fewweeks. Building on this su

ess, the improvementswe have planned will further enhan
e the useful-ness of Ci
hlid as an analysis tool.Referen
es[1℄ http://moat.nlanr.net/.[2℄ A.J. M
Gregor, H-W. Braun, and J.A. Brown, \TheNLANR network analysis infrastru
ture," IEEE Commu-ni
arions Magazine, May 2000, to be published.[3℄ A.J. M
Gregor and H-W. Braun, \Balan
ing 
ostand utility in a
tive monitoring: The AMP exam-ple.," INET 2000, June 2000, submitted, also athttp://byerley.
s.waikato.a
.nz/ tonym/papers/inet2000.[4℄ http://moat.nlanr.net/Software/Ci
hlid/.[5℄ http://www.opengl.org/.[6℄ http://reality.sgi.
om/opengl/glut3/glut3.html.[7℄ http://www.mesa3d.org/.


