
Empirical Studies of Multimedia Semantic Models for MultimediaPresentationsShu-Ching Chen and R. L. Kashyap�School of Electrical and Computer EngineeringPurdue University, West Lafayette, IN 47907-1285, U.S.A.AbstractEmpirical studies of an abstract semantic model,augmented transition network (ATN), with ObjectComposition Petri Net (OCPN) to model multimediapresentations are performed in this paper. An ATNconsists of a set of states and directed arcs and usesa regular expression as its input. The advantages touse a regular expression are its simplicity and easeof modi�cation. Simulation experiments to compareATN and OCPN are performed in this paper. The re-sults show that ATN requires fewer nodes and arcs torepresent a multimedia presentation than OCPN does.These results indicate ATN handles on-line multime-dia presentations more e�cient and requires less pre-cious main memory space.Key words: Multimedia Presentations, AugmentedTransition Network (ATN), Regular Expression1 IntroductionIn this paper, a detailed comparison of ATN [3] withObject Composition Petri Net (OCPN) [5] is shown.OCPN is based on the logic of temporal intervals andTimed Petri-Nets. Multimedia objects are organizedby the presentation sequence. OCPN augments theconventional petri net model with time duration andresource utilization on the places in the net. Manylater abstract semantic models are based on a petri-net [2], [4], [6]. All these models use nodes and arcs toconnect the media streams to form a multimedia pre-sentation. Therefore, the numbers of nodes and arcsare essential for the multimedia browsing and search-ing. Since latter petri-net semantic models are similarto OCPN, OCPN is chosen to compare with ATN inthis paper.Conditions and actions in ATNs are used to controlthe quality-of-service (QoS) and synchronization, and�Partially supported by National Science Foundation undercontract 9619812-IRI and the o�ce of Naval Research undercontract N00014-91-J-4126.

can be separated into several smaller tables based onthe input symbols. These separate tables can be putinto secondary storage memory or other remote stor-ages and be loaded into main memory when needed inany real-time presentation. Therefore, ATNs will notoccupy a great deal of precious main memory space.Also, when the number of nodes increases in OCPN,the searching time and the complexity increase too.The searching time increases since OCPN is a left toright model and any searching needs to begin fromthe leftmost node. For example, if a user wants tofast forward to a certain point then the searchingtime will increase when too many nodes need to betraversed. The complexity increases because mediastreams are assigned to state nodes which connectedby arcs. The number of arcs increases when the num-ber of media streams increases. Hence, users have dif-�culty in understanding a presentation sequence underso many nodes and arcs. From above, we know thatthe numbers of nodes and arcs play important partsin ATN and OCPN. Simulation experiments to com-pare ATN and OCPN based on di�erent numbers ofmedia streams are performed in this study to showthat ATN requires fewer nodes and arcs to representa multimedia presentation than OCPN does.The organization of this paper is as follows. Section2 discusses how to use regular expressions and ATNsto model multimedia presentations. In section 3, sim-ulations to compare ATN with OCPN are conducted.Conclusions are presented in section 4.2 An Example of Multimedia Presen-tation Using regular expression andATNIn this section, an example to illustrate how to useregular expressions and ATNs to model a multimediapresentation is demonstrated. The details of how touse regular expressions and ATNs are shown in [3].
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Figure 1: Timeline for Multimedia Presentation. t1 tot6 are the time instances. d1 is time duration betweent1 and t2 and so on.
  state
Initial 

1 2 3 4 5X X X X X

Final
state

/P / P X1/ P 2X P P P/ / /X3 X4 X5Figure 2: Augmented Transition Network for Multi-media Presentation.2.1 Regular ExpressionFigure 1 is a traditional timeline to show the tem-poral relations among media streams. In this example,the regular expression string is:(V1&T1)(V1&T1&I1&A1)(T2&I1&A1)(V2&T2&I1&A1)(V2&A1)In this input example, at time t1, input symbol X1(V1&T1) is read and contains V1 (video stream 1) andT1 (text 1) which start to play at the same time andcontinue to play. At time t2, I1 (Image 1) and A1(Audio 1) begin and overlap with V1 and T1. Thedelay time for I1 and A1 to display is equal to d1 anddoes not need to be speci�ed in the regular expressionexplicitly since the regular expression is read from leftto right and I1 and A1 will display when the inputsymbol X1 is processed which takes the same time asdelay for I1 and A1. This process continues until allthe input symbols are read.2.2 Augmented Transition NetworkAn ATN goes from left to right. The presentationshown in Figure 2 goes from the initial state (state P/)to the �nal state (state P/X5). When the presentationbegins, the transition goes from state P/ to state P/X1with the input symbolX1 and the next transition goesfrom state P/X1 to state P/X2 with the input symbol

X2 (V1&T1&I1&A1). The presentation continues untilthe �nal state is reached.ATNs can maintain QoS and synchronization bypermitting a sequence of conditions and actions to bespeci�ed on each arc [3]. Each media stream containsa feature set F which has all the control informationrelated to the media stream. The de�nition and themeaning of each element are de�ned as follows :De�nition 1: Suppose there are n media streamsappeared in the input symbols. Each media streamhas a feature set together with it.Fi = ftentative starting time, tentative ending time,starting frame, ending frame, window position X,window position Y, window size width,window size height, priorityg where i = 1 : : : n.The meaning of each element is illustrated below :� tentative starting time : the original mediastream desired starting time.� tentative ending time : the original mediastream desired ending time.� starting frame : the starting video frame num-ber.� ending frame : the ending video frame number.� window position X : the horizontal distancefrom the upper left corner of the computer screen.� window position Y : the vertical distance fromthe upper left corner of the computer screen.� window size width : the window size width ofthe media stream.� window size height : the window size height ofthe media stream.� priority : the display priority if several mediastreams are to be displayed concurrently.3 Empirical Studies of comparing ATNand OCPN Models for MultimediaPresentationsIn OCPN, each place (circle) contains the requiredpresentation resource (device), the time required tooutput the presentation data, and spatial/content in-formation. Each place is represented by a state nodein the OCPN model. The transitions (bars) in the net



Table 1: Media type combinations at di�erentmedia stream numbers for case study 1 andcase study 2
Number ofNumber ofNumber of Number of

streams
Text

streams streams streams
Image Audio Video

Case 1 Case 2 Case 1 Case 1 Case 1Case 2 Case 2 Case 2

Total number of

media streamnumber

Experiment

1

2

3

4

5

6

7

8

3000

4000

5000

266

1600

2000

987

740

497

270

12

1249

9

21

1200

800

400

40

20

10

1030

28

15

9

764

522

1281 1000

800

600

400

200

10

20

5 3

1218 100010001252

998

762

481

234

29

11

800

600

400

200

10

5

985

734

500

230

2220

4

600

400

200

800

10

5

12

2000

1000

100

50

25

20indicate points of synchronization and the places pro-cessing. While in ATN, the state nodes do not store in-formation. The information is stored in the conditionand action table instead. Thirteen temporal relationswere proposed in [1]. Based on these temporal rela-tions, two case studies are performed to compare ATNwith OCPN. These two case studies are as follows:� Case study 1: di�erent temporal relation com-binations� Case study 2: only meets temporal relationcombinationIn case study 1, arbitrary combinations of the thirteentemporal relations of media streams are used. Whilein case study 2, only meets temporal relation is con-sidered, for example a slide presentation. Under casestudy 2, all the �ve types of media streams are dis-played in each interval. They all have the same start-ing and ending times as shown in Figure 3. Figure 3 ispart of a multimedia presentation in case study 2 andit contains 15 media streams with three intervals.We want to compare numbers of nodes and arcsunder these two case studies.3.1 Experimental ParametersWe used random number generators to generateeight multimedia presentations that contain 25, 50,100, 1000, 2000, 3000, 4000, and 5000 media streams.Four media types { text, image, audio, and video {are studied here. The combinations of media types forcase studies 1 and 2 are shown in Table 1. For exam-ple, when the media streams number is 1000 in casestudy 1, there are 270 text streams, 266 image streams,
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234 audio streams, and 230 video streams. Each me-dia stream has its tentative starting time and endingtime so the duration is obtained. In case study 2, eachduration contains one video, image, audio streams andtwo text streams and each media stream has the samestarting and ending times in each duration. We wantto compare the numbers of nodes and arcs needed un-der ATN and OCPN approaches.3.2 ResultsTables 2 and 3 compare the number of nodes andnumber of arcs between ATN and OCPN approachesunder two case studies. From these two tables, it canbe seen that ATN needs fewer nodes and arcs thanOCPN in eight experiments under both case studies.In case study 1, the number of nodes needed in ATNactually is very close to the number of media streams.The number of arcs needed in ATN is about the doubleof the number of media streams. However, since eachnode in OCPN has an incoming arc and an outgoingarc, the number of arcs is actually twice the numberof nodes. When the media stream number increases,the di�erence between the number of nodes and thenumber of arcs increases, too. In case study 2, un-der di�erent numbers of media streams, OCPN needsabout 5 times more number of nodes than ATN does.This tells us ATN is much better than OCPN in casestudy 2 situation. The reason is that ATN creates astate node for each interval and OCPN needs to createa state node for each media stream in each interval.When comparing case studies 1 and 2 in Tables 2 and3, we can see that the di�erence between the numbersof nodes and arcs is bigger in case study 2.From the above results, we know that when a mul-timedia presentation contains more media streams,ATN needs fewer nodes and arcs than OCPN does.Therefore, ATN needs less memory space and lesssearching time as number of media streams increasesthan OCPN. An example of searching is to fast for-ward to a particular time point and display. All thenodes and arcs between the current time point and thetarget time point need to be traversed. In this situ-ation, ATN performs better than OCPN since ATNconsists of fewer nodes and arcs than OCPN. More-over, since ATN contains fewer nodes and arcs, it pro-vides a clearer view of the presentation than OCPN.Therefore, ATN is easier to manage, understand, andconstruct.

4 ConclusionsSome simulations are performed in this study. Theresults show that ATN needs fewer nodes and arcsthan OCPN at di�erent numbers of media streams.This makes ATN handle real-time multimedia presen-tations with fewer mainmemory space. Also, any edit-ing of the original presentation sequence is easier be-cause fewer numbers of nodes and arcs need to be dealtwith.An OCPN creates a node for each media streamwhich makes OCPN too complicated to understandwhen the number of media streams increases. On theother hand, an ATN uses input symbols to representmedia streams displayed at the same time. This fea-ture makes ATN simpler to manage, easier for users tounderstand and less main memory to handle real-timemultimedia presentations.References[1] J. F. Allen, \Maintaining Knowledge About Tem-poral Intervals," Commun. ACM, vol. 26, pp. 832-843, Nov. 1983[2] Yahya Y. Al-salqan and Carl K. Chang, \Tempo-ral Relations and Synchronization Agents," IEEEMultimedia, pp. 30-39, Summer 1996.[3] Shu-Ching Chen and R. L. Kashyap, \Tempo-ral and Spatial Semantic Models for MultimediaPresentations," 1997 International Symposiumon Multimedia Information Processing, AcademiaSinica, Taipei, Taiwan, pp. 441-446, Dec. 1997.[4] Hui-Jung Chang, Tai-Yuan Hou, Shi-Kuo Chang,\The Management and Application of Teleac-tion Objects," ACM Multimedia Systems Journal(1995) Volume 3, pp. 228-237, November 1995.[5] T.D.C. Little and A. Ghafoor, \Synchronizationand Storage Models for Multimedia Objects,"IEEE J. Selected Areas in Commun., Vol. 9, pp.413-427, Apr. 1990.[6] H. Thimm and W. Klas, \�-Sets for OptimizedRelative Adaptive Playout Management in Dis-tributed Multimedia Database Systems," IEEE12th International Conference on Data Engineer-ing, New Orleans, Louisiana, pp. 584-592, 1996.


