Expertpaper- 1 -T.Braun, B.StillerDate: 1992-06-04Title:A Modular and Configurable Transport SystemArchitecture for High-Performance Processing Providing aFlexible Transport ServiceSource:GermanyUniversity of Karlsruhe, Institute of TelematicsT.Braun and B.StillerProject:1.06.36Status:ExpertpaperReference:ISO/IEC JTC1/SC6 N 7309

Expertpaper- 2 -T.Braun, B.StillerThis page was intentionally left blank.

Expertpaper- 3 -T.Braun, B.StillerA Modular and Configurable Transport SystemArchitecture for High-Performance ProcessingProviding a Flexible Transport ServiceTorsten Braun, Burkhard StillerInstitut f�r Telematik, Universit�t KarlsruheZirkel 2, D-W7500 Karlsruhe 1Phone: +49 721 / 608- [3982 / 3983] Fax: +49 721 / 606097E-Mail: [BRAUN | STILLER] @ telematik.informatik.uni-karlsruhe.de1. IntroductionThe comprising term for lower layers 1 to 4 in the ISO/OSI Basic Reference Model has been definedas Transport System. It is regarded as a whole system, which encompasses the aspects ofcommunication without internal layering. All relevant procedures for transferring transparently databetween transport service users are hidden behind the transport service interface. The standardservices and protocols provided, e.g., the ISO transport service and protocol (ISO 8072/73), are notwell suited for emerging new applications since quite a few functional and performance oriented factsrestrict the use of these transport services and protocols. Existing service classes, as specified withinthe 5 different OSI transport protocol classes, do not reflect the diversity of service requirements ofmodern applications since one of the main purposes behind their development has been to close thegap between provided network service and the required transport service. However, today there existonly a few parameters for the selection of a transport service class in transport protocols. Especiallyfor the steadily increasing variety of application requirements, e.g., in the area of multimedia appli-cations, more and enhanced service parameters are needed.To overcome these restrictions, on one hand, the need for an integrated view of transport, network,and data link protocol and service respectively is necessary, on the other hand, a good structuring ofthese protocols is needed. Both allow functional enhancements in terms of new facilities andprotocol functions in lower layers as well as a direct and efficient design of the enhanced transportservice and protocol and, finally, an implementation. This is possible using a function-basedapproach, where the protocol functions providing a transport service are regarded as configurableand atomic units. The additional advantage of this flexible and modular function-based approach isthe configuration of protocol stacks according to application requirements, which may be specifiedusing sets of quantitative and qualitative parameters of the transport system«s service specification.In section 2 an overview of the transport system«s service specification with the distinguished sets ofquantitative as well as qualitative parameters will be given. Furthermore, in section 3 the architectureand the necessary mechanisms for future transport protocols are presented in detail. Finally, theflexible function-based approach will be described briefly in section 4 giving some important detailson the assisting tools. This paper will be concluded within section 5.

Expertpaper- 4 -T.Braun, B.Stiller2. The Transport System«s Service SpecificationStandard service specifications include like the 5 different ISO transport protocol classes differentfacilities for different requirements. Since these existing classes do not reflect the variety of modernapplication types, an enhanced transport service has to be defined, on one hand, to support allcurrently existing applications and, on the other hand, to provide enough flexibility to reach futureapplication requirements. Therefore, service requirements of existing applications have beeninvestigated in great detail to extract useful service criteria. They can be classified in two categories:qualitative and quantitative criteria /ZSTa92/. The structural approach for the transport serviceinterface led to 5 so called transport service classes, which provide a specialized transport service, butstill enough flexibility for different kinds of applications.2.1 Service CriteriaThe application basically distinguishes between quantitative and qualitative criteria. The firstcategory comprises more performance oriented criteria, in parts already known as quality ofservice parameters, which had been enhanced (cf. section 2.1.1). These parameters can be evaluatedin terms of certain measures, like bit per second, number of errors, milliseconds etc. However, thequalitative parameters specify the functional aspects of an application related to the wholetransport system (cf. section 2.1.2). The request of a specific functionality of the transport systemwithout any detailed knowledge of the interiors is possible using these parameters.2.1.1 Quantitative CriteriaThe list of possible quantitative parameters is valid for each transmission direction separately. Eachvalue also includes a triple of values: threshold, average, and useful. The threshold value defines athreshold for a given service parameter. Its semantic, maximum or minimum, is dependent on theservice parameter. The second value defines the average value over a certain time interval. The thirdvalue specifies a limit for the appropriateness of a service parameter, e.g., an upper bound onbandwidth useful for the application. The following parameters describing the quantitative criteriacan be distinguished.¥Throughput¥Burstiness¥Delay¥Response Time¥Rate¥Jitter¥Data Corruption Threshold¥Data Loss Threshold¥CostsThroughput defines the well known value at transport service level, which is most commonlyassociated with the number of bits or packets per second. The burstiness describes the throughput

Expertpaper- 5 -T.Braun, B.Stillervariation of the sender depending on certain time intervals. Delay encompasses the time elapsedbetween sending a data unit from a service user until its reception by the destination service user. Thetypical requirement for real-time applications is the response time value, which is a two-way delaywith the additional processing time in the destination node. The rate defines the rate at which con-secutive data units have to be delivered from the transport system to the transport system user. Forinstance, this is the rate for delivering video frames. Additionally, the jitter specifies the acceptablerate variation, which is still sufficient for the service user. In this case, applications are concerned asisochronous data streams. The data corruption threshold is associated with errors inside a dataunit. They can be detected using special error detection mechanisms. The tolerable amount of cor-rupted data by the service user depends on the application in terms of data or control units. The dataloss threshold value defines the percentage of data losses acceptable at the service interface. Thesedata units do not even arrive at the destination. Finally, the costs can be specified.2.1.2 Qualitative CriteriaThe second list comprises qualitative parameters. They are used to define the expected transportservice related to session management, which is the relation between two or more data streams,stream management, which is the maintenance inside a single data stream, and data unit manipulation,which is the session independent as well as stream management independent processing of data units.All these terms are explained in section 4. The following list gives an overview of the distinguishedparameters describing the qualitative criteria.¥Session Management-Inter-Stream Synchronization-Session Update-Multiplexing¥Stream Management-Ordered Delivery of Data-Guaranteed Group Delivery of Data-Error Tolerance�Loss of Data�Replication of Data�Corruption of Data-Priorities-Security Requirements�Data Security�Access Security¥Data Unit Manipulation-Maximum Data Unit Size-Segmented DeliveryThe term session defines an association between two or more communicating applications. Since itmight consist out of several data streams related to one another the service for the session manage-

Expertpaper- 6 -T.Braun, B.Stillerment can be specified by the application (cf. section4). The inter-stream synchronization speci-fies the need of synchronizing different data streams belonging to one application. This service willbe needed for the multi-media transfer of voice and moving images meeting the lip synchronization.The session update reflects the needs for adaptation of the transport service to changing networkand application conditions and requirements respectively. The multiplexing allows for integratingseparate transport data streams into a single network (media access) data stream.Concerning a single data stream as a separable unit of flowing data at the application interface, theordered delivery of data is an important factor. If there is the need for multicast as well asmultipeer communication the guaranteed group delivery is necessary. Different semantics can beassociated with this parameter, e.g., at most once, at least once, groups. Three different parameterscan be assumed defining error tolerance. This is the loss of data, which can be accepted up to acertain threshold defined by the quantitative parameter. The replication of data has to be avoidedsometimes since applications like voice transmission do not accept duplicated data units. Finally, thecorruption of data specifies the tolerance of corruptions of user data at the transport serviceinterface. The support of urgent data is possible with different priorities, this is, for instance, thenormal and expedited data transfer if two priorities are supported. Security requirements depend onthe application in terms of data security, where data transmissions are ensured, as well as in termsof access security, where the identification of the communication partner is relevant beforeestablishing a connection.The last two parameters in the category of data unit manipulation concern the maximum data unit sizeand the segmented delivery. The first shows the need of the transport system to segment data unitshanded from the application to the transport system due to the fact that the underlying networksupports a maximum transfer unit size only. The second one reflects the possibility of omittingthe reassembly of data at the destination since the receiving application do not need the same data unitsizes as handed by the sender to the transport system. This is called segmented delivery.2.2 Transport Service ClassesBased on the above mentioned service parameters and their influences on the configuration ofprotocol functions (cf. section 4) for the transport system 4 predefined transport service classes(TSC) can be specified. Additionally, a complete free configurable service class can be reserved.Moreover, systems are allowed to establish local service classes as subclasses of the free class. These4 classes are distinguished by 2 important criteria: reliability and real-time.Class I:Unreliable Real-TimeClass II:Reliable Real-TimeClass III:Unreliable Non-Real-TimeClass IV:Reliable Non-Real-TimeClass V:FreeThe classes I to IV offer an overall service. Still, they are configurable in quite a few but not allqualitative and quantitative parameters. However, the basic protocol machine (cf. section 4) providing

Expertpaper- 7 -T.Braun, B.Stillerthe reliability as well as real-time capability are existent. Since some applications may requirespecifically tailored services, class V provides the total configuration possibilities with every singleparameter separately. These protocol machine descriptions may be archived and used for furthercommunications, but they are only known locally by the communication partners, who communicatedearlier via these negotiated protocol machines.The effects of application selections on the resulting protocol machine will be clarified. The confi-guration of protocol functions uses 5 different types of protocol functions. This is the set of kernelfunctions, which have to be included in the protocol machine, e.g., send/receive data units as wellas address mapping. The set of required functions encompasses functions, which have to beincluded for a specific service requested, e.g., acknowledgements for the reliable classes II and IV.The set of application requested functions includes functions, which will be additionally usedsince the application made an explicit request on them. The set of network required functions aremainly dependent on the network characteristics, e.g., segmenting and reassembling. Finally, the setof irrelevant functions encompasses functions, which are not needed for the specific service.Some application examples will be given for each transport service class. For instance, withinclass I the applications referred to as voice, music, and video can be satisfied since real-time issufficient for guaranteeing a maximum jitter if the buffering schemes and sizes used are sufficient/Part91/. A simple example for applications supported by class II is process-control. The reliability isnecessary as well as the real-time capabilitiy. Of course, voice and video can be transferred in thisclass II also, which might be important in the medical environment. Data such as text and graphicswill be supported by a class III protocol machine. Transaction oriented traffic and, for instance,image requests from an image data bases can be supported by class IV. Finally, all differences ofthese standard configurations can be taken care of by class V.3. Architecture and Mechanisms of Future Transport ProtocolsFuture transport protocols have to be designed to support the high requirements by applications, e.g.,high bandwidth, short delays, small delay jitter, and short connection establishment times /Brau92/.On one hand, protocols and services must provide required functionality and flexibility at the trans-port service interface, on the other hand, their design must allow high performance implementationsand efficiency in high-speed network environments.New functions are proposed to support multicast as well as synchronization between and within datastreams. Protocol functions of conventional protocols have to be improved or redesigned, because ofchanging environments. Examples are discussed below.3.1 Problems of Conventional Transport ProtocolsToday’s transport protocols had been developed for networks with up to five orders of magnitudelower bandwidth and extremely higher error rates. These facts have the following impacts on the useof those protocols in high-speed networks:

Expertpaper- 8 -T.Braun, B.Stiller¥The protocol architecture in end systems often restricts efficient and high performance im-plementations. Improvements of the protocol syntax may have a considerable impact on theachievable performance. Considering a flexible transport service as proposed in this paper, theprotocol architecture has to support the desired flexibility by modularity and its ability to beeasily configurable. The high performance protocol architecture has to provide an implemen-tation independent specification, but should not restrict the use of dedicated implementationenvironments like multiple processors or hardware modules.¥Some protocol functions and mechanisms are not appropriate for high-speed networks.Several standardized protocol functions assume a special class of underlying networks. Sincemodern networks do provide improved performance a set of even controversial protocolfunctions and mechanisms has to be offered satisfying different kinds of environments. Theseprotocol functions and mechanisms must be selectable dependent on network as well as on userrequirements.3.2 Protocol Architecture3.2.1 High PerformanceProviding network bandwidth of gigabit networks to the user, high performance of protocol pro-cessing is required /TaZi91/. Processing of a single 1 kbyte packet must be performed in a fewmicroseconds. VLSI and parallelism are very promising approaches accelerating protocol processing.¥Conventional transport protocols have been designed for rates up to a few MBit/s. The underlyingnetwork was the limiting factor, protocol processing time of a packet could be performed fastenough. Therefore, most traditional protocols tried to minimize the bits to be transferred. This re-sulted often in very complex data structures, e.g., bit arrays and header fields with variable lengthsand variable positions or contex sensitive semantics. This strategy requires complex encoding anddecoding procedures and make the implementation in VLSI for those tasks very difficult.VLSI implementations require simple, i.e. fixed, packet formats, alignment of packet fields to 4-byte or even 8-byte words etc. These demands do not limit software implementations at all.¥Furthermore, protocol design does not take into consideration the possibility of parallel process-ing. Parallelism is difficult, because the protocol specifications are based on single and sequen-tial finite state machines. Modern transport protocols have to be designed to allow parallel execu-tion together with implementation in VLSI. Parallelism has to be supported by design and specifi-cation of the protocol.-A very important issue is the separation of processing of control information and user datainformation supported by appropriate data formats, e.g., control information packets forconnection management, flow control, acknowledgement, and data packets for user data.Control data have to be transferred out-of-band and processing may be done in parallel to userdata processing.

Expertpaper- 9 -T.Braun, B.Stiller-Both directions of a duplex connection may be separated to allow parallel processing. Parallel-ism may be further supported by a decomposition of protocols into several highly independentfinite state machines, which may be processed in parallel.-Another important drawback of conventional protocols is their layering. Although layering isonly a theoretical model for communication systems, it often influences the implementation ofprotocols. Layering causes overhead, because of communication among layers at the layerinterfaces. Parallel processing is restricted by points, where layers synchronize their activities.3.2.2 FlexibilityAnother drawback of layering are the redundancies introduced by this concept. Several protocolfunctions are often performed in more than one layer. Also for flexibility reasons, communicationsystems should rather be decomposed into functional units than into layers. Protocol functions are theunits for protocol configurations.Functional decomposition can be done by the decomposition into modular and configurable finitestate machines /Haas91/, /ZSTa92/. A modular decomposition into finite state machines(FSMs) with dedicated protocol tasks supports flexible configuration of the protocol. Single finitestate machines on the level of protocol functions may be configured to a protocol machine for onedata stream dependent on the network environment, dependent on the service type, and dependent onthe quality of service parameters required by the application. Mechanisms, strategies, and parametersof protocol functions can be selected to provide the required service and the quality of serviceparameters.We propose independent finite state machines for the following protocol functions:¥data transfer (send side), e.g., addressing, PDU generation, segmentation¥data transfer (receive side), e.g., lifetime control, resequencing, reassembly¥connection mangement (establishment, maintaining, termination)¥flow and rate control¥congestion control and round trip time estimation¥synchronization within data streams¥acknowledgement and error recovery (retransmissions or forward error correction)¥routing, relaying, and route mangement3.3 Protocol Functions and MechanismsSeveral approaches have to be integrated to allow high-speed protocol processing with GBit/s rates.Hardware implementations with VLSI components will be required to keep up /LaSc91/. Especiallyin layers processed inside transit systems very simple protocols will be required. The offered networkservice will be very simple and limited. Functions such as flow and error control will be performedby the end systems mainly. This trend has been made possible by the decreased bit error rates ofmodern networks. Complex and time-consuming error control functions on a link-by-link level does

Expertpaper- 10 -T.Braun, B.Stillernot seem to be appropriate in those environments. Transport protocols become more important alongwith this trend, because they have to perform the main part of providing a reliable end-to-endconnection.The main problem in a high-speed network environment is the fact that the amount of data being intransfer between end systems is increasing in proportion to the increasing bandwidth. To facilitate theuse of the complete network bandwidth, transmission without any breaks is necessary. Therefore, thesender’s credit have to be increased to allow continuous transmission without any breaks, because ofacknowledgements by the receiver.With the increasing bit rates, the delay between sender and receiver does not change in proportion tothe bit rate. Considering a transmission line of 3000 km and a bit rate of 64 kbits/s, 640 bits are intransit between sender and receiver because of the signal delay. The amount of data being in transit isalso called path capacity or bandwidth-delay-product. Considering a high-speed network with a bitrate of 500 MBit/s, the amount of data in transit increases to 5 Mbit, i.e. 625 kbyte. It becomesobvious that simple flow control procedures as used in today’s protocols have to be replaced by ad-vanced procedures. Especially flow control procedures seem to become one of the most importanttasks in protocols for high-speed networks.3.3.1 Error RecoverySeveral years ago bit error rates have been in the range from 10-5 to 10-6. Therefore, error correctionwas performed on a link-by-link level. Because of this fact and the low bit rate, simple error controllike the go-back-N procedure have been sufficient. With the use of go-back-N, the lost or falsifiedpacket and all the following have to be retransmitted. The amount of data for retransmission is at leastthe path capacity. In contrast to networks with low bit rates, the amount of data to be retransmittedwill be very high in high-speed networks. It is obvious that this procedure can reduce throughputsignificantly.Improved acknowledgement and retransmission procedures may reduce this problem. Advancedhigh-speed protocols use negative selective acknowledgement for falsified or lost packets and positivecumulative acknowledgement for correctly received packets. These mechanisms allow selectiveretransmission in the case of errors. In contrast to the go-back-N procedure, the sender has toretransmit only the packets requested by the receiver. Less bandwidth for retransmissions is required,but more buffer space is necessary at the receiver, because packets received correctly have to bebuffered, if prior packets have to be retransmitted.Nevertheless, there are some applications, which require error-free data exchange, and cannot toleratethe delay caused by retransmissions. Retransmissions delay incoming data to at least the triple time ofan one-way transmission. Usually, the delay will even be higher, if packet loss is detected by expiredtimers. Delayed incoming data are useless in many applications, e.g., video applications.Forward Error Correction avoids delay by retransmission. Forward error correction createsadditional redundant information, e.g., h redundant packets for k packets to send. The receiver is ableto recover k packets if not more than h out of (k+h) are lost.

Expertpaper- 11 -T.Braun, B.Stiller3.3.2 Flow ControlWindow-based flow control mechanisms can achieve continuous data flow in high-speed networksonly with small credit values, i.e. the receiver allows the sender to transmit data up to a certain se-quence number. In that case, the network bandwidth can not be used completely. Because of the pathcapacity of the network small credit values cause blocking situations at the sender. The time to waitfor acknowledgements, which increase the credit value, may even be higher than the time for datatransmission. The sender spends most of its time for waiting for new credit values, although thereceiver has processed all received data in the meantime and would be able to receive further data.In addition to window-based flow control procedures rate control can be used. At connectionestablishment both entities negotiate parameters like burst size and burst rate. Both parameters may bechanged during the lifetime of a connection. For realisation of the rate control procedure, a bytecounter is initialised with burst size value and a timer with a value of 1/burst rate is started. Thesender may transmit data, if the counter value is positive. The counter is reduced by the data packetsize. If the counter value is negative or equals 0, the sender has to wait for timer expiry. If the timerexpires, the counter is reset to the burst size and the sender can start transmissions again.3.3.3 Connection ManagementFast connection establishment is very important in transaction-oriented applications. Usual hand-shake-based establishment procedures take more time for establishing the connection than the fol-lowing data transfer, e.g., establishment takes ca. 20 ms in the high-speed network mentioned above,but 10 MBit of data could be transferred during this period of time.Implicit connection establishment procedures are proposed to support transactions. Theprocedure does not use special establishment packets. The sender starts user data transmissionimmediately and the receiver establishes a connection with the first incoming data. Sender andreceiver start timers for data sent or received to ensure that the peer entity receives retransmissionsand acknowledgements before timer expiry. Timer expiry triggers connection termination. Theprocedure supports short transactions or remote procedure calls by avoiding delays, but connectionshave to be maintained for a relative long period of time to ensure correct termination. After connectiontermination delayed and duplicated packets may cause connection establishment again or may causeconfusion, if another connection with the same connection identifier has been established in the mean-time. These cases may be avoided by the use of unique connection identifiers and references. Thereferences must not be reused for a certain time period to ensure that no duplicated packets can existin the whole network. This mechanism is well-known as "frozen references".These above presented alternative protocol function mechanisms and strategies for the discussedprotocol functions have to be selected by a configuration component in order to provide the requestedquality of service. The choice also depends in some cases on the network characteristics.

Expertpaper- 12 -T.Braun, B.Stiller4. The Flexible Transport SystemIn this section a brief overview of the model for a high performance transport system will be pre-sented. The transport system is based on a decomposition of its tasks into well defined and separatedprotocol functions. The layer oriented structure has been logically replaced by a protocol functionoriented structure, which describes in a fine granular abstraction level the tasks of transport systems.The flexibility of this transport system, provided by separate protocol functions, which aredefined as basic elements, allows for the suitable configuration of protocol machines consisting of aset of protocol functions. In this case the protocol machine is regarded as an integrated view oftransport, network, and data link protocol functionality. Each protocol function is associated with aspecific protocol function task that it provides. The inherent protocol function mechanismscan vary widely (cf. section 3) and are user selectable by a set of configuration parameters (cf.section˚2). Additionally, a protocol function is uniquely defined by two sets of input and outputparameters.4.1 Transport System«s ModelThe model of this flexible transport system consists out of three parts. First, there is the transportsystem architecture, second the transport system session model, and, third, the transportsystem tools.4.1.1 Transport System ArchitectureThe transport system architecture includes the protocol resource pool, which is regarded as astatic specification and comprises sets of all available protocol functions and their mechanisms.However, the active part within the transport system is called protocol machine and is an instan-tiation of a certain number of protocol functions. It includes a protocol machine management agent,who handles management issues.4.1.2 Transport System Session ModelThe transport system session model encompasses all different types of communication -video, voice,and data- and their complex abstractions -symmetrical and asymmetrical- in terms of manageableunits. These manageable units are called application data streams, which are associated with anunidirectional transmission of data from one transport system user to another. For any bidirectionaltraffic type two distinct protocol machines with possibly different requirements will be configured,each representing one single application data stream inside the transport system. The association ofseveral data streams between two or more communicating applications is called session and will bemaintained by the session manager.4.1.2 Transport System ToolsThree different phases can be associated with a protocol machine. This is the configuration phase,the operation phase, and the termination phase. An application requests a dedicated transport service,which results in the configuration of a protocol machine. Any changes in the network environment or

Expertpaper- 13 -T.Braun, B.Stillerof the application will result in an additional update request. After the configuration phase is finished,in the operation phase protocol processing takes place for exchanging application data betweentransport system users. Finally, in the termination phase a data stream will be released and, therefore,the allocated resources also.The Protocol Configuration Manager (PROCOM) is regarded as a configuration tool forprotocol machines inside the transport system assisted by other tools like shown in figure 1. Theservice primitive for a session request will be handled by the transport service interface (TSI). Thisprimitive contains specific quality of service (cf. section 2) as well as configuration parameters fromthe upper layers and has to be forwarded with a protocol machine profile to PROCOM. Theseproceedings represent the request of specific application requirements. Network parameters will beprovided via the network service interface (NSI). This information is forwarded to the SystemResource Manager (SYSREM), who keeps track of these data in the System Resource Data Base.PROCOM administrates default values of configurations, initializes the configuration process, andprocesses the configuration results in term of a protocol function dependency graph. Possibleresponses of PROCOM contain the refused parameters, delivered back to the application, or theprotocol functions that have to be configured to a running protocol machine, delivered to the CodeConfiguration Manager (CODCOM). This resulting set of needed protocol functions is specifiedin the protocol machine description and includes a protocol function dependency graph, whereseparate protocol functions are interconnected by their input and output parameters. They formaltogether the executable protocol stack after CODCOM has generated the protocol machineimplementation out of the protocol function dependency graph.In the following an overview of the assisting tools (cf. figure 1) for PROCOM and CODCOM aregiven. The Protocol Resource Manager (PROREM) maintains a single pool consisting of threedistinctive parts.In the first part, the supported protocol functions are collected. They are defined by their input andoutput parameters as well as by their configuration parameters. Input and output parameters areneeded to specify the protocol data manipulation done by the protocol function and, therefore, des-cribe the effects of protocol processing. Compared to this, configuration parameters are used forconfiguration purposes only, which is, e.g., the selection of a protocol function inherent mechanism.The second part consists out of a number of protocol function information bases, in which an abstractset of information concerning protocol control data as well as user data will be concentrated. This is,e.g., a routing table or connection state information. Any access to data inside any protocol functioninformation base does not imply any sequential relation between protocol functions.Finally, the third part manages the set of pre-defined protocol machines. These are already existingprotocol machine descriptions. They belong to the predefined transport service classes as well as tospecial protocol machines, which had been configured earlier and kept in a local archive. They areuseful only if two dedicated comunication partners know their special requirements from earliersessions.

Expertpaper- 14 -T.Braun, B.StillerTransport Service Interface (TSI)ProtocolMachineImplemen-tationsProtocolConfigurationManager(PROCOM)CodeConfiguration Manager(CODCOM)ProtocolResourceManager(PROREM)SystemResourceManager(SYSREM)System ResourceData BaseValidityTableProtocolFunctionInformationBasePoolPre-definedProtocolMachinesProtocolFunctionPoolNetwork Service Interface (NSI)Quality of Service Parameters(Protocol Machine Profile)Network ParametersProtocol MachineDescriptionFigure 1: The Flexible Transport SystemThe first two parts have to be used from PROCOM via the Protocol Resource Manager (PROREM)since no transport service class has been selected explicitely at the transport service interface. In thiscase, the configuration process of PROCOM calculates the dependencies of protocol functions.In a much less complicated case, a transport service class has been selected by its number. PROREMjust takes a pre-defined protocol machine description out of the set of possible one -third part of thepool- and hands it to PROCOM. This protocol machine description just bypasses CODCOM since theprotocol machine implementation already exists. Therefore, the configuration delay has beenminimized to the optimal lowest time possible.PROCOM provides the configuration task by checking the configuration request against a validitytable, in which the valid protocol function configurations as well as protocol function interconnec-tions are stored. It uses PROREM for defining the protocol machine description in consideration ofthe actual system resource data base.CODCOM will be supported by a System Resource Manager (SYSREM). Maintaining thesystem resource data base the System Resource Manager keeps track of the utilization of systemresources, like processors and memory. Additionally, the availability of network resources will betaken care of by System Resource Manager provided from the network service interface. This is for

Expertpaper- 15 -T.Braun, B.Stillerinstance the maximum available bandwidth, which will be reserved by SYSREM, added into thesystem resource data base, and requested from this data base by PROCOM for configurationpurposes. Another maintained value is the maximum data unit size for transmitting data.5. ConclusionsThis paper proposed a function-based approach for the design of future high speed transport servicesand protocols. The service was described by two sets of quality of service parameters, which cancompletely specify application«s requirements on the transport system. They provide a detailed and amore higher level selection of protocol functions as well as of protocol function mechanisms. Thisapproach for an advanced architecture based on the logical decomposition of transport protocols intorelevant functions and protocol function mechanisms for the use in high-speed network environmentshas been discussed by pointing out the problems of conventional protocol functions and addressingsome issues on better suitable protocol functions and mechanisms respectively. The achievedflexibility does not add additional overhead to protocol processing itself. Only for configuration aswell as update requests with special application requirements some overhead occurs. Finally, thetransport systems model and the needed tools have been described briefly.6. AcknowledgementsThe authors are grateful to Dr. A.Tantawy and Dr. M.Zitterbart for their highly valuable contributionsto major parts of the presented work. Additionally, thanks to Professor Dr. G.Kr�ger for his supportand encouragement of this work at his Institute of Telematics at the University of Karlsruhe.7. References/Brau92/T.Braun: A Parallel High Performance Transport System for Metropolitan AreaNetworks; in 5th IEEE Workshop on Metropolitan Area Networks, Taormina, Italy,May 1992./Haas91/Z.Haas: A Protocol Structure for High Speed Communication over Broadband ISDN;in IEEE Network Magazine, January 1991./LaSc91/T.La Porta, M.Schwartz: Architectures, Features, and Implementation of High SpeedTransport Protocols; in IEEE Network Magazine, January 1991./TaZi91/A.Tantawy, M.Zitterbart: Transport Service and Protocols for High Speed Networks;IBM Research Report RC17074, Juli 1991./ZiSt91/M.Zitterbart, B.Stiller: A Concept for a Flexible High Performance Transport System;in Informatik Fachberichte 293, Springer Verlag, Heidelberg, GI JahrestagungDarmstadt, October 1991./ZSTa92/M.Zitterbart, B.Stiller, A.Tantawy: A Model for Flexible High-Performance Com-munication Subsystems; IBM Research Report RC17801, February 1992.