WWW visualization giving meanings to in teractiv e manipulations H. Shioza w a and Y. Matsushita F acult y of Science and T ec hnology , Keio Univ ersit y , 3-14-1 Hiy oshi, Kohoku-ku, Y ok ohama 223 Japan The Natto View visualizes the WWW space as a graph structure and pro vides dynamic fo cus+con text op erations with 3D in teractiv e tec hniques. Information no des are placed on the o or plane b y their attributes. As the user lifts a fo cused no de up, the no des to whic h it links are lifted up together, and th us complex net w orks are disen tangled dynamically . The Natto View supp orts not only the visualization but also the in teractiv e and dynamic op erations on users’ demand. 1. INTR ODUCTION By exploring through the large W orld Wide W eb (WWW) space, users migh t get dis- orien ted and confused. Ov erview diagrams are one of the b est to ols against the problem. Ho w ev er, for an y real-w orld h yp ermedia system with man y no des and links, the o v erview diagrams represen t to o complicated and large net w orks to b e really useful. In this pap er w e illustrate the Natto View, a new in teractiv e visualizing metho d for h yp erspace. Natto is a kind of Japanese fo o d made of so yb eans in a fermen t. As it is v ery stic ky , if y ou pic k a b ean up, some ones nearb y follo w together, and others nearb y follo wing ones also follo w, and so on. Our new visualization is based on the metaphor of natto. 2. PR OBLEMS The follo wing are the problems of traditional in teractiv e 3D visualizations for large and distributed information systems. 2.1. The Supp ort of the User’s A tten tion Muc h past w orks of 3D view adopt the metaphors of white b oards [3] and buildings on a map [1], and p ersp ectiv e views from that metaphors to supp ort fo cus+con text tec hnique. Ho w ev er, this can not pro vide the maxim um e�ect of �shey e lens, b ecause the p ersp ectiv e tec hnique restricts the view for it has to pro vide the natural view for h uman. Moreo v er, the expression of real �shey e lens should giv e a sense of incompatibilit y to most p eople. 2.2. A Lac k of In teractiv e Manipulation Esp ecially in the visualization of 3D graph, it is only p ossible for an user to mo v e or to magnify inside the already existing information space, and not p ossible to conduct fully the in teractiv e manipulation suc h as to mo v e or to c hange the data ob ject itself and giving an analysis to suc h relationships. W e prop ose the tec hnique to supp ort the analyzing of data b y in teractiv e and trial and error manipulation whic h w ere insu�cien t in past visualizations.

2.3. A View of a Space W alk er P ast views of graph arranges no des just lik e the stars in a space, and an user can rotate the view or mo v e inside the view freely [2]. Ho w ev er, giving to o m uc h freedom to an user leads to losing the sense of direction inside 3D space. 2.4. Indicating the Information of No de A ttributes In the past w orks, the information of eac h no de (suc h as �le names, �le sizes, and so on) is indicated inside the no de itself or on the lab els near the no de. Ho w ev er, since the size of the no de is limited, if the detailed attributes should b e lab eled on the no de, its size m ust b e enlarged. As a conclusion, if the attributes of a no de is v arious lik e a h yp ertext, the n um b er of no des dra wn on a screen is v ery limited. 2.5. The Con tin uit y of the P osition of Information If w e simply apply the graphical �shey e lens view [4] or an y 3D visualization to h uge information space lik e WWW, an user has to w ait for the la y out optimization ev ery time the user p erforms an access to a new no de. More, there is a p ossibilit y that the p osition of a no de mo v es largely after eac h optimization. This harms extensiv ely to the qualit y of resp onse and the manipulation. 3. THE NA TTO VIEW This section illustrates the features of the Natto View with screen shots. 3.1. 3D Visualization and Semitransparency The Natto View sho ws WWW structure as a graph in 3D graphics. Do cumen t no des and h yp erlinks are expressed resp ectiv ely as spheres and line segmen ts. Eac h do cumen t title is written with the sphere. No des are dra wn in three colors: y ello w, bro wn and orange, whic h indicate resp ectiv ely ‘not y et visited’, ‘already visited or once fo cused’ and ‘fo cused no w’. W e utilize semitransparen t colors to dra w a lot of h yp erlinks, since the no de placing metho d of the Natto View crosses links more than la y out optimizing metho ds. Links coming from the fo cused no de are dra wn in semitransparen t green and the others are dra wn in semitransparen t white. 3.2. Lift-up Op eration In the Natto View, the third dimension or z -axis is giv en a role of the dimension of in terest, that is, the more in teresting the no de is, the higher it is placed and th us the more visible its neigh b ors are. By this appropriate seman tic of third dimension, users are less disorien ted and confused than p erfectly arbitrary 3D op erations. A t the start of program, it giv es eac h no de an initial p osition, whose unique xy -co ordinate is calculated b y a certain function describ ed after, and the v alue of z -p osition is roughly 0. The ‘lift-up’ op eration is the most c haracteristic and no v el feature of all in teractiv e visualization systems un til no w (Figure 1). As the user lifts a fo cused no de up, the no des to whic h it links are lifted up together, and complicated net w orks are disen tangled dynamically . Explaining a few more detail, if a no de is lifted up to lev el x , its destination

Figure 1: Lift-up op eration no des lifted up to lev el x � 1 and others link ed from follo wing ones to x � 2, and then this pro cess is con tin ued rep eatedly un til no des in lev el 0. The n um b er of lifting steps is unlimited. By this lift-up op eration, users can con trol their o wn views according to quan tit y of their in terest in the fo cused no des. Suc h quan titativ e re ection of degree of in terest is a v ery imp ortan t feature. Ho w ev er, un til no w, almost all 3D visualizations ha v e insu�- cien tly supp orted it. 3.3. A Seman tic Space The Natto View giv es a meaning to the dimension other than z -axis the attributes of the no des made up of HTML text �les. T o x - and y -axis and the size of the no des, some attributes whic h could b e extracted from a do cumen t is assigned b y a selection of user. F ormer graphing tec hniques used to place the attributes on the no des itself, but b y placing the no des along the co ordinates according to the attributes, it lo w ers the size of the no des. This is the realization of the seman tic space prop osed b y W exelblat [5]. The seman tic space suggests the information to b e visually arranged according to its prop ert y and the op eration on the screen to ha v e its meaning according to the selection or the �ltering of information, and this is done b y mapping the c haracteristics of information to the visual dimension. The size and the colors of the ob jects are examples of comp osition of seman tic space other than the co ordinates. The attributes the Natto View uses to arrange the no des are (1) the title, (2) the name of the �le, (3) the �le size, (4) the total n um b er of outgoing and incoming links, (5) the n um b er of outgoing links, (6) the n um b er of images, (7) the time from the last mo di�cation, and (8) the p ercen tage of Japanese w ords. User can corresp ond an y of the three to x - and y -axis and the size of no de, and w atc h the information space closely b y rotating the view. F or example, b y default, the size of the no de corresp onds to the logarithm of the total n um b er of links. Because the standardized meaning has b een giv en to the manipulation to ev ery direc- tion b y the seman tic space, it giv es the user a sense of direction. Besides, the o or whic h sho ws the parameters of co ordinates acts as a guide for user to �nd out whic h w a y he is lo oking at. 3.4. Other Op erations Some other op erations are also pro vided b y the Natto View. Users can bro wse the fo cused do cumen t through WWW bro wser with clic king and selecting the men u. Also 3-dimensional op erations suc h as translation and rotation concerning eac h axis are sup- p orted. The function of marking enables users to set marks at an y no de. Mark ed no des are dra wn in green with their descriptiv e w ords. 4. CONCLUSION Curren tly , almost all 3D visualizations use p ersp ectiv e to supp ort fo cus+con text strat- egy . In other w ords, con v en tional 3D visualizations assign a role represen ting DOI (degree of in terest) to the visual v ariable of distance b et w een the viewp oin t and data ob jects. Ho w ev er, w e think p ersp ectiv e is less appropriate than using size v ariable lik e 2D visual- izations. Because, when the user approac hes certain information to fo cus it, unfortunately the view able �eld b ecomes smaller. The Natto View prop oses to use the visual v ariable of p osition, or heigh t, for DOI mapping. Since heigh t is quan titativ e and suc h op eration results in protecting disapp ear- ance of no des’ view, users can con trol no de heigh ts roughly in prop ortion to their DOI. In addition, heigh t has in tuitiv e meaning that the higher is the more imp ortan t, th us op erational seman tic is also pro vided. These are the adv an tages of the Natto View o v er other 3D visualizations. REFERENCE 1. M. C. Ch uah, S. F. Roth, J. Mattis, and J. Kolo jejc hic k, SDM: selectiv e dynamic manipulation of visualizations, Pr o c.A CM UIST’95 , pages 61{70, 1995. 2. K. M. F airc hild, S. E. P oltro c k, and G. W. F urnas, SemNet: three-dimensional graphic represen tations of large kno wledge bases, In R. Guindon, editor, Co gni- tive Scienc e and its Applic ations for Human-Computer Inter action , pages 201{233. La wrence Erlbaum Asso ciates, 1988. 3. J. D. Mac kinla y , G. G. Rob ertson, and S. K. Card, The p ersp ectiv e w all: Detail and con text smo othly in tegrated, Pr o c.A CM CHI’91 , pages 173{179, April 1991. 4. M. Sark ar and M. H. Bro wn, Graphical �shey e views, Comm.A CM , 37(12):73{84, 1994. 5. A. W exelblat, Giving meaning to place: Seman tic spaces, Cyb ersp ac e: �rst steps , c hapter 9, MIT Press, 1991.