Abstract:This article will describe basicconcepts, technical structures, status andfuture extension plans of the implementationof a high-speed network for the DFN-community.After an introduction about the status of DFN inchapter 2 our concept is described. Due to thehigh costs for leased lines in Germany DFN haschosen a stepwise approach. In the first phaseregional high-speed networks will form thestart-up solution. This reduces clearly theneeded budget for the lines. Further on fromthe very beginning a number of dedicatedusers and advanced applications should beavailable which really need the new capacity.Thus, the implementation of the regionalnetworks is accompanied by projects whichrealize and use advanced applications. For thetechnical implementation a combination of ATMand router technology on top of leased lineswas chosen.In chapter 3 the proceedure for realisation isshortly presented. Among several proposalsDFN has chosen five so called RegionalTestbeds for realisation: Bavaria, Baden-W�rttemberg (BaW�), Berlin, North Germanyand North-Rhine-Westfalia (NRW). In chapter 4 the current status of the networkimplementation and the current status of theapplication projects is described. Finally inchapter 5 our next steps are presented: Goingto a national backbone, bringing ATM serviceto the end users, integration of the telephoneservice.Content1Introduction2 Concept3 Preparation Phase4 Status 4.1 Status of Application Projects4.2 Status of Network Implementation5 OutlookAppendix A: Involved InstitutionsAppendix B: Application Projects within the RTBs1 IntroductionWithin the DFN-community a number of regionalhigh-speed networks have been implemented. Thisarticle will describe basic concepts, technicalstructures, status and future extension plans of thisongoing activity.Before describing these new facilities someinformation on the current network status of DFN:Until now DFN is providing the WIN(Wissenschaftsnetz) at user access capacities from9.6 Kb/s to 2Mb/s. More than 400 sites areconnected to the WIN, more than 50 sites have 2Mb/s access. The WIN is connected to the rest ofEurope via EuropaNet (2*2Mb/s) and a 1,5Mb/sline to ESNet provides the connection to the USA.Similar to all networks one finds an exponentialincrease of transferred bytes also in the WIN. Thus,an upgrade of all above mentioned networkcomponents is urgently needed.DFN has discussed since some time possibilities toimplement a high-speed network for the Germanresearch community. As preparation for such anupgrade several DFN-projects with high-speed-connections have been implemented already in thepast (e.g. 34Mb/s between Erlangen an Munich).These limited projects had the task to test andunderstandthevarioustechniques(e.g.SMDS/DQDB, ATM) and to enable applications torun within new test environments. Now the time has come to provide such high-speednetworks on a broader scale. They will form theextension component of the current WIN, i.e. theBroadband-WIN.2 ConceptA major problem when realising high-speednetworks in Germany are the enormous costs for themonopoly lines needed. This is also true for DFNas Deutsche Telekom (DT) is not allowed todirectly give special tariffs to DFN, for example. This cost problem limits the possibility toestablish a national Broadband-WIN in one step:Neither DFN had the budget to subsidize such aHigh-Speed-Network for DFN Proc. INET«95 P.KaufmannThe Implementation of a High-Speed-Network for the DFN-Community Peter Kaufmann (DFN-Verein)(E-Mail: kaufmann@dfn.d400.de)(January 1995, update April 1995) nationalbackbone,northepotentialusers/customers have the budget to pay the chargesneeded then. In this context it is worth mentioningthat DFN has to pay regular charges to DT for thecurrent WIN and that these costs are covered by theoverall (capacity dependent and volume independent)charges of the customers of the WIN. No subsidy isinvolved in the provision of the WIN.To overcome or at least minimize this cost problema stepwise approach was choosen. In the first phaseregional high-speed networks form the start-upsolution. This reduces clearly the needed budget forthe lines. Further on from the very beginning anumber of dedicated users and advanced applicationsshould be available which really need the newcapacity. Thus, the implementation of the RegionalNetworks should be accompanied by projects whichrealize and use advanced applications. The idea was that the actual use of the regionalhigh-speed networks by new applications (beyondclassical applications) would enlarge the visibilityof the needs and of the possibilities. An increasedvisibility should form a better basis to get morefunds (from either source) for the implementation ofan expensive national high-speed network. The nextstep after implementing the regional networkswould then be the interconnection of these high-speed islands via a national backbone. The time gap between the first and the second phaseshould result in:- a decrease in prices for 34/155 Mb lines,- a growing awareness within the customer organisations to increase their budgets,- an inceased funding for DFN to allow subsidising (for a certain time) such a national high-speed backbone.Hopefully a mixture of all three components will bethe result and allow to enter actually the secondphase as soon as possible. It is foreseen that thisshould happen in 1995.For the technical implementation severalpossibilities were discussed. One idea was the usageof the MAN/DQDB-based Datex-M service ofDBPT. But the combination of certain technical andperformance restrictions and volume dependentcharges finally led to the decision to implement acombination of ATM and router technology on topof leased lines.

CISCO 7000 SSPCISCO 7000 SSP

CISCO HS A100

CISCO HS A100ATM

FDDI b)Berlin

ATMATMATMATM

RTB-Switch155Mb-SDHCommunityLine34 Mb-PDHLocal orTelekom LineFig.1: Technical Configurationa) North Germany, NRW,BavariaATMATMCISCO 7000 SSPFDDIFDDIThis final technical concept is shown in fig.1. Eachparticipating organisation will get a router. Theinterface of the router to the inner part of theRegional Network will provide ATM. Within theinner part of the Regional Network ATM-switchesare used. The interface to the user will provide onlyIP (on a FDDI-interface) at the beginning. Thus,ATM is used at the beginning mainly as aninvisible transport and multiplexing mechanism.Some users will get an ATM-access also from thebeginning. But this is strictly experimental and itwill be withdrawn if that experimental ATM-accessdisturbs the production IP-access. More details arediscussed in chapter 4.3 Preparation PhaseIn spring 1993 DFN issued a �call for proposal�for the implementation of �Regional Testbeds�(RTB). The proposals for such RTBs had to includetechnical concepts for the implementation of theregional networks and advanced application projectsin need of using these regional infrastructures.In autumn 1993 a number of good proposals weresubmitted to DFN. During winter a careful analysisand a further detailed specification of these proposalstook place. Finally, in summer 1994, the process oftechnical tuning was finished. In the first run fiveRTBs will be implemented: Bavaria, Baden-W�rttemberg (BaWue), Berlin, North Germany andNorth-Rhine-Westfalia (NRW). In each of theseHigh-Speed-Network for DFN Proc. INET«95 P.Kaufmann

RTBs a number of application projects are fundedby DFN (see below). Also the investment costs(router/switches) for all participating organisationsin all RTBs are financed by DFN.The line costs are handled differently in each RTB:In the RTBs of Bavaria, North Germany and NRWDFN is funding about 50% of the line costs for aperiod of two years, the other 50% must be paid bythe participating organisations. The state of Baden-W�rttemberg finances all line costs of the RTBBaWue. In Berlin the participating organisationswill use fibre optical lines of the City of Berlin(instead of lines of Deutsche Telekom) without anycharges.4 Status4.1 Status of Application ProjectsThere are about 35 application projects which arefunded by DFN within the concept of RTBs. Mostof these application projects can be grouped into thefollowing categories : * Libraries and JournalsOne task is the provision of catalogue informationon books and journals. These catalogue informationshall be used for the exchange between libraries andfor inquiries of end users. Such information arestored at distributed servers. Thus, easy andtransparent search tools and user interfaces areneeded. A significant problem is the agreement ofdifferent libraries on a powerful but easy to usecatalogue scheme.A second task is the provision of books andjournalsthemselves(notonlycatalogueinformation). In addition to the text informationimages, graphics and , later on, audio and videoshall be presented. Full text retrieval must enablewell-directed enquiries of certain parts of thedocument. Apart from technical problemsaccounting and copy right problems must behandled.* Medical ApplicationsThe whole area of health and medicine includes avery large range of many different aspectsconcerning networking. It is much to large to becovered by DFN projects. Thus, only some aspectsin the field of image and signal processing werechosen as work items. Often special medicalinstruments are the source of data which then mustbe transferred to dedicated computers for evaluationand storage purposes. Finally, users (physicians) atdifferent locations must have access to data andresults. The work items include for example:-Planning data from a hospital for a radiation therapy will be transferred to the specialised radiation center. Thus, at the radiation center no further examination of the patient (e.g. X-Ray) must be done.-Different techniques to take images of brains will be integrated for a common diagnosis.-Results of computer tomography examinationswill be 3D-visualised.* Distributed Teaching and LearningOne goal is the interactive multimediacommunication between teacher and students duringa lesson. Another task is the provision ofmultimedia lectures that may be studied self-controlled by students.* Simulation and VisualisationIn the field of natural science and engineeringclassicly two methods were applied in the past:theory and experiments. Often modern problems aremuch too complex, too expensive or too timeconsuming for experimental or theoretical analysis(e.g. climatic research, aero dynamic problems incar and airplane design). Thus, with growingcomputer power a third basis for research andunderstanding is formed by computer simulations.Such simulation (often with visualisationafterwards)withindistributedspecialisedenvironments (super computer, graphical work-station, render server, etc.) must be available alsofor remote users outside a LAN environment toexploit the expensive hard- and software. Thiscreates a large need for high speed networks. Oftenalso real-time access into simulation andvisualisation processes is needed for the adaptationof parameters to save expensive super computertime. Thus, apart from bulk transfer of resultingdata also a high bandwidth access for the real-timeinteraction is necessary.Distributed virtual reality forms a specialapplication in this area. Here several participants ofthe same virtual reality interact in real time notonly with the environment but also with each other. * Multimedia TeleservicesThis area covers the provision and adaptation ofgeneric teleservices (multimedia-mail, video-conferencing, multimedia information server) intospecial user environments. Most of the abovementioned areas (teleteaching, health, libraries etc.)need one or several multimedia teleservices.High-Speed-Network for DFN Proc. INET«95 P.Kaufmann

The table of projects funded within the concept ofRTBs and a short description of their special tasksis presented in the Appendix.All projects within the RTBs of Bavaria, Berlin,North Germany and NRW have been started inSeptember and October 1994; the projects in BaWuewill start in summer 1995. The usual project periodis two years.DFN-funding for these application projects is aboutDM 3,5 mio. (ca. ECU 1,9 mio.) in 1994, aboutDM 6,5 mio. (ca. ECU 2,9 mio.) in 1995 andabout DM 4,8 mio. (ca. ECU 2,5 mio.) in 1996.More information about these projects and theirongoing activity are available via DFN-WWW(http://www.dfn.de/). Further references to thedifferent RTB-WWWs can be found there.4.2 Status Network ImplementationIn September 1994 DFN ordered the necessaryline capacity from Deutsche Telekom for the RTBsin Bavaria, North Germany and NRW. In spring1995 the situation is as follows:

MRRZELRZ

ERAWIDKRZRRZNTU-BS

HHHNord

NKFARWTHGMDDLRUni KUniBonn

J�lKNRW

Legende

BirFig.2a:Cisco 7000 MultiprotocolRouterA100 ATM-SwitchConfiguration of theRegional Testbeds ofDFNBavariaIn Berlin almost all 155 Mb-lines are in operation.Also the 34 Mb-lines in Bavaria, North Germanyand North-Rhine Westfalia are in operation. InBaden-Wuerttemberg the contract between the stateof BaWue and Deutsche Telekom about the ATM-based network must still be discussed, but in themeantime (since summer 1994) the nineuniversities use the Datex-M service (SMDS) ofDeutsche Telekom.

HMITUBHUBFUB

ISST

MMMMSMMMSMSMMMMM

SMSMSMMMSMBerlinBaW�MM

MMMMMMMM

UniMAUni HDUniKAUniSUni ULMMMM

MMUniT�Uni HOUni KN

MMUniFRA100ATM-Switch(RTB Berlin)ATMSwitch(BelW�)MM155MbpsMultimode

SM155MbpsSinglemodeLegendeCisco 7000 MultiprotocolRouterFig.2b:Configuration of RegionalTestbeds of DFNAlso in September 1994 DFN ordered 30 Cisco7000-SSP routers and 15 Cisco (NEC) HyperswitchA100 ATM-switches. In fig. 2a+2b the abstracttopology of the RTBs and in fig.1 more specifictechnical details of the access properties are shown.As mentioned above, each participating institutiongets a router with FDDI interface to the user sideand with an ATM-interface to the network side. Inthe RTBs of Bavaria, of North Germany and ofNRW 34 Mb PDH-interfaces are needed; in Berlin(and lateron in BaWue) a combination of 155 Mbmultimode/singlemode SDH-interfaces is needed.The routers with SDH/multimode interfaces andwith PDH interface had been delivered beforechristmas 1995. The same holds true for the ATM-switches with SDH/multimode interfaces. TheATM-switches with PDH interfaces and withSDH/singlemode interface have been delivered inMarch and April 1995. Thus, apart from fewconnections in Berlin almost all participatinginstitutions have started their operation (the restwill follow within the next few weeks). The ATM-switches are located in the followinginstitutions:RTB Bavaria:Univ. of Erlangen, LRZ/Munich;High-Speed-Network for DFN Proc. INET«95 P.Kaufmann

RTB Berlin: TU Berlin, FU Berlin, HU Berlin,FHG/ISST, LIT, HMI, ZIB;RTB North: University of Hannover,DKRZ/Hamburg; RTB NRW: University of Cologne,GMD/Birlinghoven,KFA/Juelich;RTB BaWue: The final topology is not yet agreed. These institutions may use in addition to the FDDI-interface at the router also a direct ATM-interface atthe switches. Whereas the IP/FDDI-interface is forproduction service within the RTB the ATM-accesswill be at the beginning only for �experimental�purposes. That means that the institution will makethis kind of access on their own risk and their ownexpense (e.g. additional interfaces). If the productionATM ATM

BelW�-Switch34/155 Mb/s Access Lines with RoutersRTB Connection Line(In Next Phase: ATM-Backbone-Switch)RTB-ATM-SwitchRTB-Connectivity (Phase 0)and HS-WIN Backbone (Phase 1)ATM-Backbone of the HS-WINFig.3:service will be disturbed the direct ATM-connections may be withdrawn.The startup funding for the network implementationis about DM 3,5 mio. (ca. ECU 1,9 mio.) for theequipment and about DM 3 mio. (ca. ECU 1,6mio.) for the lines.5 OutlookOf course, the current realisation phase is onlythe first step in an ongoing upgrade of the WIN.Our stepwise approach includes four successivephases of implementation:Phase 0: Start of the RTBs: Implementation ofregional networks based on lines with 34- and 155Mb/s. The participating institutions get IP-accessfor the production service. Additionally, they mayuse the ATM-access at their own risk and at theirown expense. This phase is currently beingimplemented.Phase 1: Start of the Broadband-WIN: The regionalnetworks will be interconnected via a backbone. Theprobable topology of this backbone is shown infig.3 with thin dashed lines. The production accessis still IP; experimental ATM-access is possible.Additional institutions (outside the former RTBs)may participate. The new Broadband-WIN isintegrated with the current WIN via gateways. Thisphase should be implemented in automn 1995.Phase 2: ATM production service: Stability,interoperability and needed service features (e.g.flow control mechanism, PNNI-interface, ABR-service) are implemented and successfully tested.The Broadband-WIN provides production ATM-service. This phase might be implemented at thebeginning of 1996.Phase 3: Integration of the telephone service intothe ATM-based Broadband-WIN. Precondition forthat phase is an overall upgrade to line capacitieswith 155 Mb/s. Experiments could start in 1996.Regarding the technical network components andthe availability of fibre optical lines in Germany theBroadband-WIN could be implemented very fast. Butany further network upgrades in DFN are verysensitive to the reduction of charges for lines. Both,the reduction of charges for high-speed lines by the(monopoly) Deutsche Telekom or the licensing ofcompetitors will speed up that process.At the beginning of 1995 DFN launched a �call fortender� for the implementation of the nationalbackbone. At the end of March 1995 severalproposals arrived at DFN. Currently these proposalsare examined due to their financial and technicalconditions.High-Speed-Network for DFN Proc. INET«95 P.Kaufmann

HannoverD�sseldorfK�lnM�nchenN�rnbergUni MALeipzigBerlinDarmstadtATMATMATMATMATMATMATMATMATMATM MAN RRZN

Uni BS

KFA J�L

Uni BN

GMD BN

Uni K

RRZE

LRZRWTHDLR KMANHUB TUB ZIBFUBHMIISSTUni FRUni T�Uni KAJ�lichHamburg

DKRZ

AWI BHV

LITUni HDATMUni SUni HOUni ULUni KN

Appendix A: Involved InstitutionsRTB Bayern:Univ. of Erlangen, LRZ (Munich),TU Munich, University of MunichRTB BaWue:Universities of Stuttgart, Mannheim,Freiburg, Karlsruhe, Konstanz, Ulm, Heidelberg, Tuebingen, HohenheimRTB Berlin: TU Berlin, FU Berlin, HU Berlin,HMI (Hahn-Meitner-Institut), LIT,ZIB (Konrad-Zuse-Inst.), FHG/ISSTRTB Nord: TU Braunschweig, Univ. of Hannover,AWI/Bremerhaven,DKRZ (Climatic Comp. Cent.)RTB NRW:RWTH Aachen, University of Bonn,Univ. of Cologne, GMD/Birlinghoven,DLR/Cologne, KFA/JuelichAppendix B: Application ProjectsRTB Bavaria*IRIS: Usage of a distributed editor within a video-conference.*Collaboration of electronic libraries: Provision ofelectronic documents and electronic query tools. *Tera-Back: Transparent back-up service fordistributed fileservers. Central mechanism for themigration of data to cheap storage memory willbe implemented.*Clinical and histological conference: Physicians will use video-conference tools to discussdermatological results and images (stored in image data bases).*Multimedia-based teaching and information systems: Implementation of a WAN teleteachinginfrastructure between Erlangen and Munich withintegration of ISDN-based homework places.*Distributed computing for engineering applications. Usage of work-station clusters for the computing of very large parallel algorithms. *Processing of medical images and signals: Application of modern methods of image processing (analysis, image transformation, noisereduction) and image transfer in six different clinical areas.*Visualisation of molecular models: Chemists in Erlangen will use the Cray in Munich (LRZ) for simulation and visualisation of electrostatic properties of molecules.*Multimedia-based decentralisation of interdisiplinary teaching: Implementation of an infrastructure to perform looked-after computer trainings resp. practicals with a distributed group of participants from economic informatics.RTB Berlin*Visualisation of scientific data: Implementation of a center for visualisation (super computer, archive server, render server, video production) forusers in different working areas of universities andresearch laboratories in Berlin (e.g. chemistry, astronomy, nuclear scattering, mathematics).*Medical image processing: Resulting images of nuclear spin tomography procedures will be 3D-visualised and stored in a data base for tissue samples. The diagnosis of the results will be supported via multimedia teleservices (multimedia-mail, video-conference).*Hypermedia-based lessons for student lectures: Development and provision of multimedia-based teaching material in the area of economic science.*Hotline und consulting system: Provision of a help-desk system including fault data base and human on-line-support (video-conference). *Unified data environment with heterogenious computers: Implementation of AFS (or DCE/DFS) for a distributed filesystem in Berlin with an unified name space.RTB Nord*Video production via networks: In an already existing service center the results of simulations are transferred into video movies. This process will be (partly) controlled by users and the resulting movies will be distributed to the users via the network.*Distributed computing in the field of �Global Change Research�: Users in the Alfred-Wegner research laboratory in Bremerhaven will make simulations and visualisations at the dedicated super computer (Cray) in the German Climatic Research Center (DKRZ) in Hamburg.*Visualisation of hydro- and aerodynamical calculations: The simulations will be carried on atthe super computer in Hannover, the results will be visualised in the University of Braunschweig.*Calculation and visualisation of global climatic data sets: Simulation at the Cray in the German Climatic Research Center (DKRZ) in Hamburg with visualisation in the University of Hannoverafterwards.High-Speed-Network for DFN Proc. INET«95 P.Kaufmann

*Online-documentation: Multmedia documents andjournals will be presented online (collaboration with a publisher). Short response times shall create an impression of leafing (�book paradigma�). *Multimedia collaboration in the field of climatic research: Users from that working area in differentinstitutions in North Germany will apply multimedia teleservices (multimedia-mail, video-conference) for their cooperation.RTB NRW*Usage of the SNI super computer at the Univ. of Aachen for other users in the state of NRW.*Distributed (heavy parallel) super computer center: An Intel Paragon (at KFA) and the CM5 (at GMD) will be used as a virtual common supercomputer by certain applications (e.g. aerodynamic calculations).*Interactive aerodynamic simulation for components of power plants: Simulation at the University of Cologne, visualisation on dedicated computers at GMD (St. Augustin), transfer of results to users at DLR (Cologne).*Visualisation of large multi-dimensional parameter spaces: Meteorological data from the University of Cologne will be examined at the Cray of KFA (Juelich). The results are used in the KFA and in Cologne for further research. RTB BaWue*Implementation of a mutual backup service between several computer centers.*Provision of user support for the DFN-RPC (Remote Procedure Call): This software tool is widely used by scientists for distributed applications running on different super computersand work-stations.*Implementation of an distributed electronic libraryfor scientific literature (PhD theis, diploma,�unpublished� papers, etc).*Helpdesk: Implementation of a distributed online helpdesk for all universities in BaWue based on information servers and multimedia teleservices.*Distributed numeric laboratory: Mathematicians from the University of Freiburg will implement their numeric algorithms at the parallel computer in the University of Stuttgart. Experts from the computer center in Stuttgart will interactively support this implementation by using the software tool PAGEIN.*Simulations in Computational Physics: The output of simulations on a super computer in Stuttgart shall be transferred directly to the work-station of the user instead using the expensive memory space temporarily at the super computer.in the meantime*Distributed laboratory based on virtual reality: Experts from the computer center of the University of Stuttgart and different user groups (astrophysicists and biologists from Tuebingen) will implement application specific distributed virtual environments.*Distributed provision of software: The access of arbitrary work-stations to distributed software servers shall be realized as automated as possible.*Integration of services into the environmental information system of the state of BaWue.Author InformationDr. Peter Kaufmann is member of the centralmanagement staff of the DFN-Verein (DeutschesForschungsnetz). Organizing in the past the DFN-MHS-Services he is since 1990 responsible for theplanning of advanced projects within DFN. Hereceived his Ph.D. in 1980 in Theoretical NuclearPhysics from the Free University Berlin. Address: DFN-Verein, Pariser Str. 44, 10707 Berlin, GermanyE-Mail: RFC: kaufmann@dfn.d400.deX.400: C=de;A=d400;P=dfn;S=kaufmannPhone: +49 30 8842 9932Fax: +49 30 8842 9970High-Speed-Network for DFN Proc. INET«95 P.Kaufmann