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This paper includes a short description of R+D projects of professor Milutinovic and his associates (currently on-going or recently completed - on or before 1.1.2000.) in the field of system support for e-business on the Internet (EBI); details are available on request or through the papers published so far (over 50 in IEEE journals and over 50 at IEEE conferences). The stress is on issues of importance for HICSS-34.

1. Obelix: An accelerator for business search

Currently, if one does a search for the best item to purchase, the items found are ranked by the amount of keywords matched. However, this is not the only issue, and definitely not the most important issue, relevant for a successful business practice. What is more important is how are the other people satisfied with purchasing from the same WWW site. Consequently, it is useful, before purchasing something from a WWW site, to check the general customer satisfaction with that site. For that to be done, one can collect information about: (a) the number of times the page was visited, (b) cached, (c) printed, (d) purchased from, etc. The visiting may be weighted with one point, caching with 2 points, printing with 3 points, purchasing with 4 points, etc. Once the first purchase by a given customer is done, a timer may be set. If the second purchase comes before some time interval, it can be weighted with 8 points (as an indication that the customer was happy with the first purchase). If no purchase within the prespecified time interval, the weight of the first purchase may be converted to -4 (as an indication that the customer was not happy with the first purchase). The plethora of possibilities is extremely wide and any scenario of the kind can be implemented. During some time (phase #1), the system would collect information about the number of outcomes of certain type. After that (phase #2), the system would generate the weighted sum for each URL that is being monitored. Finally (phase #3), the search database would be updated, so the next ranking can be devised as a combination of keywords match and customer satisfaction. In addition, the customer profile data can be brought into action, so different users obtain different ranking, for the same conditions, and for the same inquiry. For all above to be implemented, in addition to the PC which serves as an Internet provider, one may need hundreds of other PCs to implement the above described three-phase activities. An alternative is to implement the algorithm (all three phases) partially or fully in hardware. In that case, for example, instead of 100 extra PCs, one would need only 100 extra printed circuit boards to plug into the single Internet provider PC. The work of the authors was to device an algorithm of interest for a given R+D sponsor, and to implement it on specific universal boards based on Xilinx FPGA chips.

2. Auterix: Home automation on the Internet

One attractive feature being offered by the Internet infrastructure is to be able, from a remote site, via Internet, to control processes at homes, in offices, or at production facilities. One possible scenario would be that a set of sensors collects the necessary information at a remote site and (using the ordinary telephone line) updates a central database that is accessible via Internet. These sensors can be related to home automation, in which case sensors collect data about the usage of utilities (electricity, gas, water, sewage, etc.) or resources (alarm, washer-drier, video-recorder, an iron, etc...). A somewhat different set of sensors could accommodate a remote office, or a remote factory (with no people and no internal lights, since the light from battery lamps can be used only during the periodical "greasing" of the production equipment). For a given home, office, or factory environment, the most complex engineering tasks are: (a) to design the architecture of the system, (b) to implement a chip which enables periodical data transmission over the ordinary phone line, no matter if the line is busy or not, and (c) to implement the central database software. Possible benefits of such an environment are many. For example, in the case of utilities, with the related infrastructure installed, a utility company can offer the following deal to its customers (highly attractive): Your utility spending can be measured once every hour or even more frequently, which means that abnormalities like leakage can be detected promptly. In such conditions, each customer can get an insurance contract that authorizes the utility company to send up a repair crew as soon as something is noticed, with the first so many dollars of the repair cost not to be charged to the customer. Utility provider with such an attractive offer will attract a relatively large number of customers, and consequently the cost of the insurance will drop. Once it drops enough, the utility provider may decide to offer it for free, just to attract even more customers. In conclusion, here is one possible scenario of interest for customers: You come back home from skiing and you find a note saying that your water pipe broke in the meantime, that the leakage was immediately noticed, and that the repair crew was sent out at once, to repair it at no charge to yourself. An alternative scenario is that you return back home and find your basement full of water.

3. Netrix: Modifying Netscape for better business opportunities

Now, Netscape is in the public domain, and users are allowed to modify it and to update it. This opens up a number of different new research avenues leading to new applications. In order to organize experiments to learn about typical customer behavior in the context of the global Internet market, one can modify Netscape, to collect statistics of Interest. Changes can be implemented as patches or plug-ins. The modified Netscape is first used to detect a specific behavior, and then to utilize it in a specific business environment, with the major goal of maximizing the revenue. 

4. Proxix: Intelligent proxy caching with mobile agents

Intelligent proxy caching is of interest for Internet providers. The more the information is reused, the lower are the bandwidth requirements. Consequently, investments into a larger bandwidth can be postponed for a later time, when the price of investment will be lower. Efficiency of the system is further improved if some intelligence is added to figure out if the change done on a WWW site (since it was last cached) is in the part that is needed by the customer, or in another part of no current interest to the customer. If that is the case, the cached copy can be reused, although the original copy has been changed. Additional improvement comes with the application of mobile agents. In that case, as soon as a page is cached, a mobile agent is sent to the remote site from which the page was cashed, to monitor further changes. Of course, this is not possible if remote site does not welcome the foreign agents. Consequently, only a hybrid mobile/static solution is realistic.

5. Mobix : Efficient genetic search based on mobile agents

Search using the systems like Altavista or Yahoo is based on indexed search. This means that an item can not be located before it is indexed. Indexing may take days, or weeks or even more. However, for some type of e-business on Internet, it is important to be able to locate the item before it is actually indexed. For example, this is important for those who may like to be able to access a new product (with a better price performance ratio), before it is noticed by competition, so they can maximize their profit. The solution in such cases is to use search methods based on links (like genetic search or simulated annealing). Links based search methods assume that (in well established markets) interest groups and industry consortia reference one another on the Internet, and that there exists a fairly large probability that starting from one WWW presentation, by following the links, one can arrive to the desired new WWW presentation that is not yet visible on indexing based systems like Altavista or Yahoo. One starts from a key WWW presentation that includes URL links to other WWW presentations. Once these other presentations are downloaded, their benefit factor is computed, and the best ones are selected for further processing. The URL links from these new presentations are used to download additional WWW presentations, and the process continues. Periodically, the selected URL pointers are modified for better price performance. This process is called mutation. Typically, mutation is based on mutational databases. The authors have experimented a lot with mutation algorithms that exploit the principles of spatial and temporal mutation (as they can help considerably in the not so well organized markets). Finally, the system can benefit a lot from the utilization of mobile technology. Often times, a gigabyte has to be downloaded, in order to generate a binary information (to invest or not). This represents a waste of bandwidth, which costs time and money. An alternative approach would be to send out a mobile agent to the remote site, in which case only the binary result has to be downloaded from the network. Of course, if this is not possible, the static agents have to be used.

6. Hashix: A search chip for ATM based on hashing

The ATM allows for cells to be lost at the physical transmission layer, and includes no automatic retransmission on the level of the physical transmission layer. For transmission of video on demand or image in general, this is not an issue (if one pixel on a motion video screen is lost, no human eye will notice it). For transmission of bank data, this is a serious issue, but the system can request retransmission on the higher software levels. One of the most crucial aspects of the ATM routing design is real-time search (within one ATM cell interval), through unsorted tables that could be of an extremely large capacity (10000 entries or more). For search without loss (i.e., which always performs the task within one cell interval) one needs complex parallel search engines. However, since ATM tolerates loss of cells (one in 106 to one in 1010), a simple hashing based method can be utilized that trades off memory for the complexity of the search engine. Consequently, the authors were able to design and implement a search chip that is orders of magnitude less complex.

7. Reflectix: An FT I/O pump based on reflective memory

Disk I/O intensive applications often times require all data to be stored on two (or more) different discs, for higher reliability and fault tolerance (FT). In the case of applications with a high degree of sharing, replication of data is needed for faster access by the end users. Reflective memory represents an efficient solution in both cases. Data written to memory of one PC in the system automatically gets reflected into the memory of other PCs in the system. If it is shared data, reading will imply no consistency maintenance related overhead. If it is data needing high levels of protection, it will be concurrently stored into two or more disk units. The authors have designed and implemented a board that enables all the described scenarios to be utilized in the PC environments.

8. Multimedix: The next generation PC for multimedia applications

Efficient processing of multimedia applications requires PCs based on multiprocessing, enhanced with a variety of different accelerators for time consuming system or user processes. Architecture of the system, caching strategies, and design of specific accelerators are of crucial importance for efficient system implementation. The authors have worked on all three aspects of the problem, and concrete designs (ready for production) have been generated.

9. Siliconix: Modeling for silicon compilation

The authors have designed several models of processor chips or processor accelerators for general purpose or special purpose applications in multimedia and e-business. The typical working scenario is as follows: (a) Conceptualization of the architecture, (b) Simulation analysis and testing on the functional level, (c) Creation of the production mask. Major designs include a 200MHz 32-bit RISC microprocessor for DARPA (about a decade before Intel) and a clone of an Intel's 64-bit RISC microprocessor for a Japanese customer. Both efforts are fully described in the open literature. 

10. Gipix: Multiprocessing for GPS integrated into the Internet

An ongoing project examining the best multiprocessor architecture for GPS (global positioning system) in the context of maximizing the system exploitation using the Internet infrastructure.

11. Aquilix: A software package for conference organization

Collaboration and workflow on the Internet are topics of special importance. One of the issues is organizing the Internet-based conferences. An appropriate software package was developed and tested at SSGRR-2000.

12. Socratenon: A software package for education on the Internet

An ongoing project is aimed at designing the complete software infrastructure for electronic education on the Internet. This infrastructure is more widely applicable, and could be utilized in related fields. The software implements a virtual classroom, and includes four interfaces: provider, administrator, teacher, and student. Existing version has been used by industry and academia. An interesting application is related to teaching/learning Italian language (http://desert.etf.bg.ac.yu:8080/socratenon).

Conclusion

Research and development presented here cover the activities of the authors during the decade of 90’s. Details can be found at the WWW (http://galeb.etf.bg.ac.yu/~vm/), or in selected books listed below.
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