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!BSTRACT��4HIS�PAPER�DESCRIBES�LOCAL�AREA�NETWORK��,!.	�ACCESS�USING�PUBLIC�WIDE�AREA�DATA

NETWORKS� AND� PROBLEMS� THAT� ARISE� WHEN� USING� INTEGRATED� SERVICES� DIGITAL� NETWORK� �)3$.	

TECHNOLOGY�;3TALLINGS���=�;4HACHENKARY���=��4O�DATE�MAINLY�MODEM�CONNECTIONS�AT�SERIAL�LINES

WITH�A�TERMINAL�PORT�HAVE�BEEN�THE�STANDARD�REMOTE�ACCESS�TECHNIQUE��7ITH�)3$.�IT�IS�FORESEEN

THAT�THESE�MODEM�LINES�WILL�BE�REPLACED�RATHER�SOON��4HIS�IS�MAINLY�DUE�TO�THE�FACT�THAT�)3$.

OFFERS� A�MORE� ADEQUATE� BANDWIDTH� AND� IS�MUCH�MORE� CONSISTENT� FROM� THE� POINT� OF� VIEW� OF

ACCESS�AND�EMBEDDING��4HIS�PAPER�DEMONSTRATES� IN� THE�MAIN�SECTION�A� ROUTERBASED� SOLUTION

FOR�ENHANCED�CALL�MANAGEMENT��/NE�OF�THE�MAIN�ADVANTAGES�IS�THE�SEPARATION�OF�THE�STRATEGIC

MODULE� WHICH� DEFINES� THE� BEHAVIOR� AND� THUS� ALLOWS� FOR� A� NUMBER� OF� ACTIVE� CONNECTIONS

EXCEEDING� THE� NUMBER� OF� PORTS�� )T� ALSO� ADDRESSES� TRAFFIC� AND� ACCESS� CONTROL� IN� THE� NETWORK

ENVIRONMENT�

#ATEGORY��#����

��)NTRODUCTION

2EMOTE�,!.�ACCESS�IS�AN�IMPORTANT�APPLICATION�OF�PUBLIC�WIDE�AREA�DATA�NETWORKS�

&OR�DATA�COMMUNICATION��COMMERCIAL�USE�OF�MODEMS�HAS�BEEN�POPULAR�FOR�MORE�THAN

A� DECADE�� 4HE� USE� OF� MODEMS� HAS� INCREASED� SUBSTANTIALLY� CORRESPONDING� WITH� THE

INCREASE� IN� POPULARITY� OF� PERSONAL� COMPUTERS� �0#S	� AND� &AX� MACHINES�� 4HERE� ARE

MORE�THAN����MILLION�DIAL�UP�MODEMS� IN� THE�WORLD��4HESE�MODEMS�OPERATE� AT� LINE

RATES�RANGING�FROM�����TO������KB�S��!T�A�CAPACITY�OF�����KB�S�� THE�)3$.�BASIC�RATE

INTERFACE� �"2)	� OFFERS� AN� ENHANCED� ALTERNATIVE� FOR� MANY� USER� APPLICATIONS�� 4HIS� IS

BECAUSE�OF�THE�FOLLOWING�

• 4HE� NEED� FOR� HIGHER� BANDWIDTH� DUE� TO� THE� INCREASING� POPULARITY� OF

GRAPHICAL� COMPUTING� AND� MULTIMEDIA� INTERACTIVE� SERVICES�� 5SERS� HAVE
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BECOME� ACCUSTOMED� TO� GRAPHICAL� USER� INTERFACES� ON� THEIR� 0#S� AND� ALSO

PREFER�IT�FOR�REMOTE�APPLICATIONS�

• -ULTIPLE� VENDORS� HAVE� INTRUDUCED� )3$.� "2)� CARDS� FOR� 0#S� THAT� ARE

AVAILABLE�AT�MODEM�PRICE�LEVELS��AND�WHICH�ARE�COMPATIBLE�WITH�STANDARD

MODEMS�SUCH�AS�6����BIS�

• 3ERVICE� AVAILABILITY� AND� CONNECTIVITY� HAS� INCREASED� TO� SERVE� MORE� THAN

���PERCENT�OF�THE�POPULATION�IN�MANY�REGIONS�OF�THE�WORLD�

)3$.�"2)�IS�ALSO�EMERGING�AS�AN�ATTRACTIVE�SUPPLEMENT�FOR�PRIVATE�LINE�CONNECTIONS�

INTERCONNECTION�OF�,!.S��CONNECTION�OF�POINTOFSALE��0/3	�TERMINALS�TO�SERVERS��AND

CONNECTION� OF� CLUSTERS� OF� USER� TERMINALS� TO� SERVERS�� )3$.� "2)� CAN� BE� USED� TO

SUPPLEMENT�PRIVATE�LINES�DURING�PEAK�TRAFFIC�PERIODS��THEREBY�REDUCING�LINE�CAPACITY�

4HIS�IS�ALSO�REFERRED�TO�AS�BANDWIDTH�ON�DEMAND�;"/.$).'���=��!�FURTHER�BENEFIT

OF�A�SUPPLEMENTARY�)3$.�CONNECTION�IS�INCREASED�RELIABILITY�OF�THE�CONNECTION�IN�CASE

OF�LINE�FAILURE�

)N�ADDITION��CORPORATE�PRIVATE�NETWORKS��0.	��WHERE�PRIVATE�BRANCH�EXCHANGES��0"8	

ARE�CONNECTED�THROUGH�LEASED�LINES��ARE�VERY�POPULAR�IN�%UROPE�AND�.ORTH�!MERICA�

6IRTUAL� PRIVATE� NETWORKS� �60.S	� OFFER� AN� ATTRACTIVE� ALTERNATIVE� FOR� SOME

CONFIGURATIONS�WHERE�PRIVATE�LINES�ARE�NOT�ECONOMICAL��)N�THIS�CASE��PHYSICAL�FACILITIES

ARE�NOT�DEDICATED�TO�ALL�OF�THE�ENDPOINTS��)NSTEAD��NETWORK�RESOURCES�ARE�ALLOCATED�ON

DEMAND�TO�MEET�THE�NEEDS�OF�ENDUSER�APPLICATIONS��)N�EFFECT�� THE�CUSTOMER�NETWORK

BECOMES�A�LOGICAL�PARTITION�OF�THE�MUCH�LARGER�PUBLIC�NETWORK��4HE�USER�APPLICATION

VIRTUALLY �HAS�A�CONSTANT�AVAILABILITY�OF�CONNECTIONS��WHERE�THE�PUBLIC�NETWORK�LAID

THE�FOUNDATIONS�WITH�THE�ALLOCATION�OF�SHARED�RESOURCES�ON�DEMAND�

7HILE� NOT� NECESSARILY� BREAKING� SPEED� AND� PERFORMANCE� RECORDS� )3$.� DOES� OFFER

UNIVERSAL� CONNECTIVITY�WITH� SOPHISTICATED� SIGNALING� AND� CONTROL�MECHANISMS� WHICH

MAKES�IT�A�WELLDEFINED��NATURAL�PROGRESSION�FROM�034.��-OREOVER��USE�OF�)3$.�FOR

,!.�ACCESS�IS�STILL�AN�AREA�AT�THE�DEVELOPMENT�STAGE�AND�NEEDS�SOPHISTICATED�TRAFFIC

AND�ACCESS�CONTROL�AS�WELL�AS�MANY�MORE�FEATURES�WHICH�HAVE�NOT�BEEN�EVIDENT�WITH

MODEM�LINES�

4HIS� PAPER� PROVIDES� AN� UPTODATE� ACCOUNT� OF� AVAILABLE� ACCESS� POSSIBILITIES�� HOW

)3$.� "2)S� CAN� BE� CONNECTED� DIRECTLY� INTO� ,!.S�� AND� PRESENTS� A� ROUTERBASED

SOLUTION�FOR�AN�)3$.�PRIMARY�RATE�INTERFACE��02)	�WITH�ENHANCED�CALL�MANAGEMENT�

7HAT�IS�KNOWN�AS�A�STRATEGIC�MODULE��BETWEEN�THE�DATA�LINK�AND�THE�NETWORK�LAYER�

CONTROLS�THE�CONNECTION�ESTABLISHMENT�AND�MAINTENANCE��4HIS�ALLOWS�FOR�A�NUMBER�OF

ACTIVE� CONNECTIONS� THAT� EXCEEDS� THE� NUMBER� OF� PORTS�� )T� ALSO� ADDRESSES� THE� ISSUE� OF

TRAFFIC� AND� ACCESS� CONTROL� IN� THE� NETWORK� ENVIRONMENT�� WHICH� CAN� BE� CONTROLLED

THROUGH� A� NETWORK� MANAGEMENT� STATION� AND� A� MONITOR� BY� THE� SIMPLE� NETWORK

MANAGEMENT�PROTOCOL��3.-0	�;$AVIN�ET�AL����=��4HIS� LOW�COST� SOLUTION� IS�PROPOSED

AS�AN�ADEQUATE�ALTERNATIVE�TO�THE�REMOTE�ACCESS�SERVICE��2!3	�;!WUAH��,AZAR���=�OF

-ICROSOFT�� )T�HAS�MANY�ADVANTAGES�� IF� THE�NUMBER�OF�USERS� INCREASES�OR� IF� ,!.TO
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,!.�ACCESS�HAS� TO�BE�PROVIDED��$UE�TO� THE�OPEN�INTERFACE��USER� SPECIFIC� EXTENSIONS

CAN�BE�ATTACHED�AND�IN�THIS�WAY�ACHIEVING�GREATER�FLEXIBILITY�

4HE�PAPER�IS�STRUCTURED�AS�FOLLOWS��;3ECTION��=�GIVES�A�BRIEF�OVERVIEW�OF�THE�NETWORK

USED��;3ECTION��=�DESCRIBES�THE�CURRENT�POSSIBILITIES�FOR�EMBEDDING�)3$.�INTO�A�,!.�

)N�;3ECTION��=�THE�ROUTERBASED�SOLUTION�AND�THE�SUBNETWORKING�FOR�THE�02)�IS�SHOWN�

;3ECTION��=� AND� ;3ECTION��=� DESCRIBE� THE� FLEXIBILITY� DUE� TO� THE� ABILITY� OF� MODULAR

EXTENDING�TO�MEET�ENHANCED�REQUIREMENTS��;3ECTION��=�CONCLUDES�THE�PAPER�

��$EPARTMENTAL�,!.

;&IG���=� IS� A� SCHEMATIC�PICTURE�OF� THE� CONFIGURATION�� SHOWING� THE� PRESENT� UNIVERSITY

SYSTEM� AND� LOCATION� OF� CENTRAL� UNIVERSITY� FACILITIES�� 4O� SOME� EXTENT� EXPERIMENTAL

TECHNOLOGIES�SUCH�AS�ASYNCHRONOUS�TRANSFER�MODE��!4-	�AND�)3$.�STILL� FALL�WITHIN

THE�INSTITUTE S�RESPONSIBILITY��4HE�NUMBER�OF�HOSTS�IN�THE�VARIOUS�PARTS� IS�SCHEMATIC�

!LTHOUGH� MANY� PROTOCOLS� LIKE� $ECNET�� .OVELL�� ETC�� ARE� USED� SIMULTANEOUSLY�� THE

TRANSMISSION�CONTROL�PROTOCOL�INTERNET�PROTOCOL��4#0�)0	�FAMILY�IS�USED�MOST�OFTEN�

!S�CAN�BE�SEEN�FROM�;&IG���=�THE�MIXTURE�OF�TOPOLOGIES�AND�MEDIA�IS�SPREADING�TO�ALL

DEPARTMENTS��4HEREFORE�� THE� ADDRESSING� SCHEME�HAS� TO� COPE�WITH� TWO� CONTRADICTING

PARADIGMS��&IRSTLY��ONE�DEPARTMENT�SHOULD�LOOK�TO�THE�OUTSIDE�WORLD�AS�ONE�SUBNET�OR

DOMAIN�� 3ECONDLY�� EACH� MEDIUM� SHOULD� BE� ONE� SUBNET� FOR� PERFORMANCE� AND

MANAGERIAL�REASONS��-OREOVER��WITH�MOBILE�STATIONS�THE�SUBNET�STRUCTURE�MIGHT�EVEN

BE�REQUIRED�TO�BE�DYNAMIC�

&IGURE����!�SCHEMATIC�VIEW�OF�THE�)!)+�NETWORK
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&OR� OUTSIDE� CONNECTIONS� )3$.� "2)�02)� LINKS� ARE� EMBEDDED� IN� THE� INSTITUTE S

NETWORK�� )N� THIS� ENVIRONMENT� QUESTIONS� OF� LINE� USAGE�� MOVABILITY� OF� THE� REMOTE

STATIONS��VARIABILITY�OF�CHARGING��THROUGHPUT��SECURITY�FUNCTIONS��DATA�ENCRYPTION��AND

COMPRESSION� ARE� STUDIED�� /THER� EXPERIMENTS� WITH� THIS� NETWORK� INCLUDE� NETWORK

MANAGEMENT�WITH�3.-0��EMBEDDING�OF�SECURITY��AND�SCHEDULING�POLICIES�TO�PROVIDE

ACCESS�TO�THE�NETWORK�TO�MORE�USERS�WHEN�CHANNELS�ARE�NOT�READILY�AVAILABLE�

��4HE�%MBEDDING�OF�)3$.�INTO�,!.S

&OR�INTERACTION�BETWEEN�)3$.�USERS�AND�A�NETWORK�AND�FOR� INTERACTION�BETWEEN�TWO

)3$.�USERS��)3$.�ACCESS�CAN�BE�CONTROLLED�THROUGH�A�DRIVER�ARCHITECTURE�WITHIN�THE

OPEN� SYSTEMS� INTERCONNECTION� �/3)	� FRAMEWORK� ;3TALLINGS���=�� ;&IG���=� SHOWS� THE

RELATIONSHIP�BETWEEN�/3)��4#0�)0�PROTOCOL�SUITE��AND�)3$.��!S�A�NETWORK��)3$.�IS

ESSENTIALLY� UNCONCERNED� WITH� USER� LAYERS��� THROUGH���� WHICH� ARE� ENDTOEND� LAYERS

EMPLOYED�BY�THE�USER�FOR�EXCHANGE�OF�INFORMATION��.ETWORK�ACCESS�IS�CONCERNED�ONLY

WITH�LAYERS���THROUGH����4HE�PHYSICAL�INTERFACE�FOR�"2)�AND�02)�CORRESPONDS�TO�/3)

LAYER����WHERE�"�AND�$CHANNELS�ARE�MULTIPLEXED�OVER�THE�SAME�PHYSICAL� INTERFACE�

!BOVE�LAYER����THE�PROTOCOL�STRUCTURE�FOR�THE�TWO�CHANNELS�DIFFER�

&OR� THE� $CHANNEL�� A� NEW� DATA� LINK� LAYER� STANDARD�� LINK� ACCESS� PROCEDURE� FOR� THE

$CHANNEL��,!0$	��HAS�BEEN�DEFINED��4HIS�STANDARD�IS�BASED�ON�HIGHLEVEL�DATA�LINK

CONTROL��($,#	�;)3/���=��MODIFIED�TO�MEET�)3$.�REQUIREMENTS��4HE�$CHANNEL�PART

IN� ;&IG���=� SUPPORTS� AN� EXCHANGE�OF� SERVICE� PRIMITIVES��WHICH� ARE� USED� TO� ESTABLISH�

MAINTAIN��AND�TERMINATE�CONNECTIONS�ON�"CHANNELS��4HE�$CHANNEL�CAN�ALSO�SUPPORT

8����PACKETSWITCHED�DATA�TRANSMISSION��WHICH�IS�TRANSMITTED�IN�,!0$�FRAMES��4HE

8����LEVEL���PROTOCOL� IS�USED�TO�ESTABLISH�VIRTUAL�CIRCUITS� ON� THE�$CHANNEL� TO�OTHER

USERS�AND�TO�EXCHANGE�PACKETIZED�DATA�

4HE�"CHANNEL�PART� IN� ;&IG���=� ENABLES� VOICE�� DATA�� AND� IMAGE� COMMUNICATION�� &OR

DATA�COMMUNICATION�THE�"CHANNEL�CAN�BE�USED�FOR�CIRCUIT�SWITCHING��SEMIPERMANENT

CIRCUITS�� AND� PACKET� SWITCHING�� &OR� CIRCUIT� SWITCHING�� A� CIRCUIT� IS� ESTABLISHED� ON

DEMAND�ON�THE�"CHANNEL�AND�PROVIDES�A�TRANSPARENT�DATA�PATH�BETWEEN�ENDUSERS��!

SEMIPERMANENT�CIRCUIT� IS�A�"CHANNEL�CIRCUIT� THAT� IS�ESTABLISHED�BY�PRIOR� AGREEMENT

BETWEEN� THE� CONNECTED� ENDUSERS� AND� THE� NETWORK�� 7ITH� EITHER� A� CIRCUITSWITCHED

CONNECTION�OR�A�SEMIPERMANENT�CIRCUIT��THE�CONNECTED�STATIONS�SEEM�TO�HAVE�A�DIRECT�

FULLDUPLEX�LINK�WITH�ONE�ANOTHER��4HEY�ARE�FREE�TO�USE�THEIR�OWN�FORMATS��PROTOCOLS�

AND� FRAME� SYNCHRONIZATION�� )N� THE� CASE� OF� PACKET� SWITCHING�� A� CIRCUITSWITCHED

CONNECTION� IS� ESTABLISHED� ON� A� "CHANNEL� BETWEEN� THE� USER� AND� A� PACKETSWITCHED

NODE�USING�THE�$CHANNEL�CONTROL�PROTOCOL�

4O�PROVIDE�ACCESS� TO�)3$.�FOR�APPLICATIONS� INDEPENDENT�OF� THE�UNDERLYING�NETWORK

AND� THE� )3$.� ADAPTER� CARDS� USED�� A� COMMON� )3$.� APPLICATION� INTERFACE� �)3$.

#!0)	� ;#!0)���=� WAS� DEFINED� BY� DIFFERENT� VENDORS�� 4HE� )3$.#!0)� PROVIDES� A
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STANDARDIZED�INTERFACE�FOR�ANY�NUMBER�OF�APPLICATIONS�TO�ANY�NUMBER�OF�)3$.�DRIVERS

AND� CONTROLLERS�� 4HIS� INTERFACE� OFFERS� UNIQUE� ACCESS� TO� THE� DIFFERENT� )3$.� SERVICES

SUCH� AS� DATA�� VOICE�� FAX�� VIDEO�� AND� TELEPHONY�� !PPLICATIONS� CAN� USE� DIFFERENT

PROTOCOLS�AT�DIFFERENT�LEVELS��WHERE�THE�)3$.#!0)�PROVIDES�A�SELECTION�MECHANISM

SUPPORTING� THIS�� &OR� ,!.� INTEGRATION�� OPTIMAL� LINE� USAGE� AND� FLEXIBILITY�� CIRCUIT

SWITCHED�CONNECTION�AND�THE�%THERNET�ADDRESSING�SCHEME�IS�USED��4HE�PROTOCOL�STACK�

WHERE�A�PACKET�DRIVER�CAN�BE�USED�BY�A�WIDE�VARIETY�OF�CARD�MANUFACTURERS�IS�GIVEN�IN

;&IG���=��RIGHT	�

&IGURE����0ROTOCOL�STACK�ACCORDING�TO�/3)

0ACKET� DRIVERS� ;6AN"OKKELEN���=� PROVIDE� A� SIMPLE�� COMMONLY� USED� PROGRAMMING

INTERFACE� THAT� ALLOWS�MULTIPLE� APPLICATIONS� TO� SHARE� A� NETWORK� INTERFACE� AT� THE� DATA

LINK� LEVEL�� 4HE� PACKET� DRIVERS� DEMULTIPLEX� INCOMING� PACKETS� AMONGST� THE

APPLICATIONS�� BY� USING� THE� NETWORK S� MEDIA� STANDARD� TYPE� OR� SERVICE� ACCESS� POINT

FIELD��4HE�PACKET�DRIVER�PROVIDES�CALLS�TO�INITIATE�ACCESS�TO�A�SPECIFIC�PACKET� TYPE�� TO

END�ACCESS�TO�IT��TO�SEND�A�PACKET��TO�GET�STATISTICS�ON�THE�NETWORK�INTERFACE�AND�TO�GET

INFORMATION�ABOUT� THE� INTERFACE��!PPLICATIONS�WHICH�USE� THE�PACKET�DRIVER� CAN� ALSO

RUN�ON�NEW�NETWORK�HARDWARE� �LIKE� )3$.	�OF� THE� SAME�CLASS�WITHOUT�HAVING� TO�BE

MODIFIED�� ONLY� A� NEW� PACKET� DRIVER� NEEDS� TO� BE� SUPPLIED�� 4HE� NETWORK� MEDIA� IS

IDENTIFIED�BY�A�NUMBERTHE�CLASS�OF�THE�INTERFACE��(OWEVER�FOR�SOME�CLASSES��PACKET

DRIVERS� DO� EXIST�� 4HE� PACKET� DRIVER� 0!0)� ;&RIEDE���=� WAS� DEVELOPED� FOR� THE

3,)0�CLASS� ;2OMKEY���=�� 35.,INK� ;35.���=� USES� 000� ;3IMPSON���=� FOR

COMMUNICATION�BETWEEN�TWO�35.73��(OWEVER��THE�MOST�FLEXIBLE�CLASS�SEEMS�TO�BE

THE�%THERNET� CLASS���PACKET�DRIVER��WHICH� SUPPORTS� THE�%THERNET� FRAME��/NE�CLASS��

PACKET�DRIVER�IS�)30!�;(ANEWINKEL���=�WHICH�ALSO�SUPPORTS�3,)0��000��AND�THE�#ISCO

($,#� FRAME� FORMAT�� !NOTHER� CLASS��� PACKET� DRIVER� IS� )3$.0+4

;&RACKOWIAK��(EINEN���=��A�COMMERCIAL�PRODUCT�FROM�).3�

!CCESS�TO�THE�%THERNET�,!.�THROUGH�$/3�BASED�VERSIONS�CAN�BE�PROVIDED�BY�MEANS

OF� ROUTERS� AND� BRIDGES�� 7ITH� CURRENT� PACKET� DRIVERS� AND� AVAILABLE� ROUTERS�� REMOTE

ACCESS�CAN�ONLY�BE�ESTABLISHED�FOR�A� LIMITED�NUMBER�OF�USERS��!�MORE� SOPHISTICATED

APPROACH�FOR�ALLOWING�ACCESS�TO�MORE�USERS�IS�SHOWN�IN�;3ECTION��=�
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��!�2OUTER�"ASED�3OLUTION�FOR����"#HANNELS

!S�%THERNET�CLASS�PACKET�DRIVERS�ARE�SUPPORTED�BY�THE�MULTITUDE�OF�AVAILABLE�NETWORK

SOFTWARE� FOR� 0#S�� THIS� PACKET�DRIVER� CLASS� HAS� BEEN� CHOSEN� TO� GIVE� MAXIMUM

FLEXIBILITY� TO� THE� REMOTE� ,!.� ACCESS�� (OWEVER�� THE� AVAILABLE� COMMERCIAL� AND

NON�COMMERCIAL�SOLUTIONS�SUCH�AS�2!3��3UN,INK��0!0)�OR�)3$.0+4�DIFFER� IN� THIS

RESPECT�� AS� 000� OR� 3,)0� IS� USED�� !S� THERE� IS� NO� FULL� INTEROPERABILITY� BETWEEN� THE

PRODUCTS� OF� DIFFERENT� VENDORS�� THE� DECISION� HAS� BEEN� MADE� TO� ALLOW� THE� USE� OF� A

VARIETY�OF�AVAILABLE�ROUTERS�AND�BRIDGES�INSTEAD�OF�ACHIEVING�FULL�INTEROPERABILITY�WITH

ONE� PRODUCT�� -AINLY� DUE� TO� THE� INCREASED� SYSTEM� LOAD� CAUSED� BY� ENHANCED

REQUIREMENTS� LIKE� ENCRYPTION� AND� COMPRESSION�� FLEXIBILITY� IN� SELECTING� THE� ROUTER

SOFTWARE�IS�EMPHASIZED��WHEN�A�02)�WITH�THE�ABILITY�FOR����SIMULTANEOUS�CONNECTIONS

HAS�TO�BE�DEALT�WITH�

!�ROUTER�CONNECTS�NETWORKS�AT�THE�NETWORK�LAYER��TERMINATES�THE�MEDIA�ACCESS�CONTROL

�-!#	� LAYERS� OF� EACH� CONNECTED� ,!.�� AND� PERMITS� TRANSLATION� BETWEEN� DIFFERENT

ADDRESS�DOMAINS��)3$.#!0)��THE�INTERFACE�USED��TERMINATES�THE�NETWORK�LAYER�OF�THE

)3$.� ACCESS�� !S� THE� )3$.� PACKET� DRIVER� HAS� TO� TRANSFORM� THE� -!#� LAYER

TERMINATION�OF�THE�ROUTER�SOFTWARE�TO�THE�NETWORK�LAYER�TERMINATION�OF�THE�UNDERLYING

034.��/3)�EMBEDDING� IS�DEMAGED��4O�DEAL�WITH� THIS�PROBLEM�� THE� )3$.%THERNET

PACKET�DRIVER�HAS� TO�SUPPORT�A� TRANSPARENT�-!#�LAYER�ACCESS� TO� THE�ROUTER� SOFTWARE

AND�� THEREFORE��PERFORM� ROUTING� FUNCTIONS� ITSELF��!S� THE�PACKET�DRIVER� HAS� TO� ASSIGN

%THERNET� PACKETS� TO� CERTAIN� REMOTE� STATIONS�� THE� PACKET� DRIVER S� ROUTING� FUNCTIONS

LEADS�TO�TWO�ASSIGNMENT�DECISIONS�

• "ROADCAST� PACKETS�� 7HEN� CIRCUIT� SWITCHED� LINES� ARE� USED� IN� A� 034.�

BROADCASTING� THESE� PACKETS� CREATE� ADDITIONAL� COSTS�� 4HUS�� DURING� THE

ADDRESS� RESOLUTION� PROTOCOL� �!20	� ;0LUMMER���=� SEQUENCE� THE� PACKET

DRIVER�EVALUATES�THE�)0�ADDRESS��TO�DETERMINE�THE�REQUESTED�STATION�IN�CASE

OF�AN�!20�REQUEST��4HE�UNIQUE�%THERNET�-!#�ADDRESS�DELIVERED�WITH�THE

CORRESPONDING�!20�RESPONSE� IS� ASSIGNED� TO� THE� )3$.�SUBSCRIBER��4HIS� IS

CALLED�THE�)0ROUTING�FUNCTION�OF�THE�PACKET�DRIVER�

• .ON�BRAODCAST�PACKETS��4HE�%THERNET�SPECIFICATION�DEMANDS�UNIQUE�-!#

ADDRESSES� TO� PERFORM� LOGICAL� POINTTOPOINT� COMMUNICATION� BETWEEN� TWO

NODES�IN�A�SUBNET��4HIS�FACT�IS�USED�TO�ASSIGN�A�NONBROADCAST�PACKET�TO�A

REQUESTED�REMOTE�STATION�EVALUATING�THE�DESTINATION�-!#�ADDRESS��!S�THE

ASSIGNMENT�OF� THE�PACKETS� IS�PERFORMED� AT� THE�-!#� LAYER�� THIS� IS� CALLED

%THERNETBRIDGING� FUNCTION� OF� THE� PACKET� DRIVER�� 4O� ACHIEVE� THE� LEVEL� OF

DEMANDED� -!#� ADDRESS� UNIQUENESS�� EACH� PACKET� DRIVER� COMPUTES� ITS

-!#�ADDRESS�USING�THE�UNIQUE�)3$.�SUBSCRIBER�NUMBER�

4HE� ROUTING� SCHEME� IS� LIMITED� TO� THE� !20�SEQUENCE�� AS� )0�ADDRESSES� ARE� ONLY

EVALUATED� WHEN� )0ROUTING� IS� PERFORMED�� "ECAUSE� THE� PACKET� DRIVER S� ROUTING

FUNCTIONS� CAN� UNEQUIVOCALLY� DETERMINE� THE� )3$.� SUBSCRIBER� TO� BE� ADDRESSED�� THE

PACKET� DRIVER� CAN� DECIDE�� WHETHER� OR� NOT� THE� PACKET� HAS� TO� BE� SENT� TO� A� STATION

BELONGING� TO� THE� SAME� SUBNET�� OR� WHETHER� AN� )3$.� ROUTER� HAS� TO� BE� ADDRESSED�
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4HEREFORE�� ALL� POSSIBLE� )3$.�CONNECTIONS�ARE�KEPT� IN� A� TABLE�WHICH� CONSISTS� OF� THE

)3$.�SUBSCRIBER�NUMBER��ITS�-!#�ADDRESS��)0�ADDRESS�AND�OTHER�STATUS�INFORMATION�

4HE� ROUTERBASED� SOLUTION� FOR� A�NETWORK� CONSISTING� OF� SEVERAL� SUBNETS� AND� THE�/3)

LAYERING�OF� THE� )3$.�PACKET�DRIVER�� CAPABLE�OF� INTEGRATED� )0ROUTING�AND�%THERNET

BRIDGING�FUNCTIONS�IS�PRESENTED�IN�;&IG���=�

&IGURE����3UBNETWORK�SOLUTION�FOR�)3$.ROUTER

4HE�SCHEME�ALLOWS�EACH�)3$.�SUBNET� TO�BE�CONSIDERED�AS�ONE�PHYSICAL�NETWORK��!

0#BASED�ROUTER�SOFTWARE�PERFORMS�THE�LOGICAL�CONNECTION�BETWEEN�THE�%THERNET�,!.

AND�)3$.��)N�;&IG���=�THE�,!.)3$.�TOPOLOGY�IS�SHOWN��4HE�FIGURE�SHOWS�AN�)3$.

02)� ROUTER� HANDLING� ANOTHER� 02)� AND� TWO� "2)S� USING� TWO� SUBNETWORKS�� 4HE

SUBNETWORKS�AND�THE�END�SYSTEMS�WITH�ITS�INTERNET�ADDRESSES�ARE�SHOWN��%ND�SYSTEMS

CAN� BE� CONNECTED� TO� )3$.� USING� THE� 02)� OR� "2)�� )3$.� CHANNELS� ARE� ESTABLISHED

AUTOMATICALLY� ON� DEMAND�� 4HE� DATAGRAMS� ARE� TRANSMITTED� AND� TIMEOUTS� ARE� SET� IN

SUCH�A�WAY��SO�THAT�AFTER�A�CERTAIN�PERIOD�OF�INACTIVITY��THE�CHANNELS�ARE�CLOSED�DOWN�

4HE�SYSTEM�DESCRIBED�IN�THIS�SECTION�MEETS�THE�NECESSARY�REQUIREMENTS�OF�TRANSPARENT

,!.� ACCESS� USING� THE� 4#0�)0� STANDARD�� (OWEVER�� THE� UTILIZATION� OF� PUBLIC

TELECOMMUNICATION� NETWORKS� LIKE� )3$.�� RESULTS� IN� REQUIREMENTS� EXCEEDING� THE

CAPABILITIES� OF� THE� SYSTEM� PRESENTED�� 4HE� FOLLOWING� ;3ECTION��=� INTRODUCES� AN

ENHANCED� SYSTEM� WHICH� ALLOWS� MORE� USERS� ACCESS� TO� THE� ,!.� THAN� )3$.� LINES

AVAILABLE�
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&IGURE����4HE�,!.)3$.�TOPOLOGY

��-EETING�%NHANCED�2EQUIREMENTS

4HE� ROUTERBASED� SOLUTION� DESCRIBED� IN� THE� PREVIOUS� ;3ECTION��=� IS� LIMITED� IN� ITS

FLEXIBILITY��3INCE�USING�)3$.�TO�ACCESS�,!.S�HAS�TO�BE�VIEWED�WITHIN�THE�CONTEXT�OF�A

WIDE�AREA�NETWORK��7!.	��SEVERAL�OBJECTIVES�HAVE�TO�BE�ACHIEVED�

��	 ,INE�USAGE��!�REMOTE�CONNECTION�SHOULD�RETAIN�THE�LINE�FOR�A�MINIMUM

AMOUNT�OF�TIME��OR�LINE�COST	��%VEN�IF�THE�CHARGING�POLICY�BY�THE�SERVICE

PROVIDER�DISCRIMINATE�VERY�MUCH�AGAINST�SHORT�LOCAL�CONNECTIONS��DUE�TO

THE� DE� FACTO� MINIMUM� CHARGES� AS� THEY� FREQUENTLY� DO�� CONNECTION

MANAGEMENT�PAYS�OFF�FOR�ANY�COMMUNICATION�

��	 -OVABILITY� OF� REMOTE� STATIONS�� 4HE� LOCATION� OF� THE� NEXT� PACKET� IN� THE

MODULE�� EVEN�OF� THE� SAME� SESSION�WOULD� IDEALLY�BE� AT� A�DIFFERENT� POINT

CHOSEN� ARBITRARILY�� 0ORTABLE� COMPUTERS� RETAINING� A� LOGICAL� CONNECTION

WHILE�TRAVELING�AROUND�IS�JUST�ONE�EXAMPLE��4HIS�REQUIRES�THE�SEPARATION

OF�THE�PHYSICAL�CONNECTION�FROM�THE�LOGICAL�,!.�CONNECTION�

��	 ,OGICAL�PORTS�� )T�WOULD�BE�DESIRABLE� TO� SHARE� K� PORTS� AMONGST� N� USERS�

WHERE�M�OF�THE�N�USERS�ARE�ACTIVE�AND�HAVE�A�LOGICAL�CONNECTION��4HEREBY

BOTH�N�AND�M�COULD�BE�REASONABLY�LARGER�THAN�K��4HIS�FEATURE�SEEMS�TO�BE

MOST�IMPORTANT�FOR�FLEXIBILITY�

��	 6ARIABILITY�OF�CHARGING��4HE�CONNECTION�SHOULD�BE�CHARGED�EITHER�TO�THE

CALLER�OR�TO�THE�STATION�CALLED��DEPENDING�ON�THE�USERS�ATTRIBUTES�AND�THE

SYSTEMS�CHARGING�POLICIES�
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��	 4HROUGHPUT�� 4HE� ALLOCATION� OF� CHANNELS� POSSIBLY� GROUPED� TOGETHER� TO

FORM�A� LINK� SHOULD�BE�DYNAMIC�AND� SHOULD�DEPEND�ON� THE� USERS� POLICY

AND�ON�THE�LOAD�ON�THE�LINK�

��	 3ECURITY� FUNCTIONS�� %VEN� IF� )3$.� ALLOWS� CALLER� IDENTIFICATION�� THE

SECURITY� CONDITIONS� REQUIRED� ARE� NOT� SUFFICIENT�� (IGHLY� DYNAMIC� AND

MOBILE� BEHAVIOR� DEMANDS� ENHANCED� SECURITY�� 0ASSWORDS� ARE� GENERALLY

ASSUMED� TO� BE� LACKING� IN� SECURITY�� 4HEREFORE�� THE� ACCESS� MODULE�MUST

PROVIDE�AN�INTEGRATED�SECURITY�MODULE�

��	 $ATA�ENCRYPTION�AND�COMPRESSION�� &OR� TRUSTED� CONNECTIONS�� ENCRYPTION

MODULES�SHOULD�BE�ATTACHED��SO�THAT�ALL�INFORMATION�IS�ENCRYPTED�AS�IT�IS

SENT��4HIS�MECHANISM�PROVIDES�PROTECTION�AGAINST�WIRETAPPING�AS�WELL�AS

ACCESS� BY� UNAUTHORIZED� USERS�� &OR� TECHNICAL� REASONS�� COMPRESSION

MECHANISMS�TO�GET�A�HIGHER�THROUGHPUT�COULD�BE�COMBINED�

��	 3CHEDULING� OF� INCOMING� CALLS�SIGNALING�� 4HIS� IS� THE� MAJOR� DRAWBACK

ASSOCIATED�WITH� THE� ROUTERBASED� SOLUTIONS� AVAILABLE�� %FFICIENT� USAGE� OF

PORTS� IS� ONE�OF� THE�MAJOR� PROBLEMS� OF� REMOTE� ACCESS��7ITH� SHORT� SETUP

TIMES� )3$.� MAKES� IT� POSSIBLE� TO� INTRODUCE� PORT� MANAGEMENT� AND

SCHEDULING�INDEPENDENT�OF�THE�LOGICAL�CONNECTION�

��	 !CCOUNTING�� )T�MAY�BE�NECESSARY� TO� LOG�THE�)3$.�ACTIVITIES� TO� FACILITATE

CHARGING�THE�USER S�)3$.,!.�ACCESS�

���	 ,OGGING��"OTH�ESTABLISHING�)3$.�LINES�AND�THE�TRANSFERRING�DATA�SHOULD

BE�ACCESSIBLE�DUE�TO�POSSIBLE�NETWORK�SECURITY�ATTACKS�

���	 .ETWORK� STATISTICS�� 3TATISTICS� OF� NETWORK� USAGE�� TRANSFER� RATES� AND

TRANSMISSION�OR�LINE�SETUP�ERRORS�ARE�NEEDED�TO�OPTIMIZE�THE�REMOTE�,!.

ACCESS�

4O�SUPPORT�FLEXIBILITY��STRATEGIC�FUNCTIONS�CAN�BE�ATTACHED�OVER�A�STRATEGIC�INTERFACE�TO

THE�PACKET�DRIVER��4HESE�FUNCTIONS�ARE�USED�TO�MANAGE�THE�COOPERATION�BETWEEN� THE

PACKET�DRIVER�AND�THE�STRATEGIC�MODULE�WHICH�PERFORMS�THE�EXECUTION�OF�USERSPECIFIC

REQUIREMENTS�� 4HE� INTERFACE� IS� LOCATED� BETWEEN� THE� PACKET� DRIVER� AND� THE� STRATEGIC

MODULE�AND�CONSISTS�OF�THREE�MAIN�PARTS�

• 0ACKET�DRIVER�INTERRUPT��!DDITIONAL�FUNCTIONS�HAVE�BEEN�DEFINED�TO�PREPARE

THE� PACKET� DRIVER� FOR� COOPERATION� WITH� THE� STRATEGIC�MODULE� AND� TO� GAIN

ACCESS�TO�THE�CURRENT�PACKET�DRIVER�CONFIGURATION�

• 0ARAMETER� ADJUSTMENT��!CCESSING� THE� DATA� STRUCTURES� KEPT� IN� THE� PACKET

DRIVER S� MEMORY�� ALLOWS� DIRECT� ADJUSTMENTS� TO� THE� LOGICAL� AND� PHYSICAL

CONNECTIONS�

• 5PCALL� FUNCTION�� 4HE� PACKET� DRIVER� INDICATES� )3$.� ACTIVITIES� SUCH� AS

SETTING� UP� OR� CLOSING� A� PHYSICAL� CONNECTION� USING� AN� UPCALL� FUNCTION�

-OREOVER�� THE�ACTIVITIES�CORRESPONDING� TO� THE� LOGICAL� CONNECTION�� SUCH�AS

WHICH�PACKETS�TO�TRANSMIT��CAN�BE�REQUESTED�BY�THE�STRATEGIC�MODULE�

4HE� INTRODUCTION� AND� SEPARATION� OF� THE� STRATEGIC� MODULE� IS� SEEN� AS� THE� MAIN

ADVANTAGE� OF� THE� IMPLEMENTED� PACKET� DRIVER�� 4O� GIVE� AN� EXAMPLE� OF� THE� STRATEGIC

MODULE�� THE� ACTIONS� NECESSARY� FOR� MANAGING� A� NUMBER� N� OF� USERS� EXCEEDING� THE

28 Leitold H., Posch R., Pucher F.: LAN Access Over ISDN



NUMBER�K�OF�AVAILABLE�"CHANNELS�ARE�DESCRIBED��!SSIGNING�THE�REMOTE�STATION��THERE

ARE�TWO�POSSIBILITIES�

• )NCOMING�CALL�MANAGEMENT��)N�CASE�OF�AN�INCOMING�CALL��THE�PACKET�DRIVER

COMPARES�THE�CALLER S�)3$.�SUBSCRIBER�NUMBER�WITH�THE�ONE�CONFIGURED�IN

THE�TABLE�

• )NTEGRATED�ROUTING�AND�BRIDGING��4HE�INTEGRATED�)0ROUTING�AND�%THERNET

BRIDGING�FUNCTIONS�ALLOW� THE�ASSIGNMENT�OF� A�PACKET� TO�BE� TRANSMITTED� TO

THE� REMOTE� STATION�WHICH� IS� ADDRESSED�USING� THE� )0� AND�%THERNET�-!#

ADDRESSES�OF�THE�PACKET�

&IGURE����2ECONFIGURATION�BY�A�STRATEGIC�MODULE

$UE�TO�THE�ABILITY�TO�MANAGE�N�LOGICAL�PORTS�SIMULTANEOUSLY��THE�PACKET�DRIVER�HAS�A

PARTIAL�SCOPE�OF�THE�ENTIRE�NETWORK��)T�HAS�BEEN�SHOWN�IN�;3ECTION��=��THAT�THE�PACKET

DRIVER�HOLDS�A�TABLE�OF�SIZE�K��WHICH�IS�USED�TO�ASSIGN�THE�PACKETS�TO�THE�)3$.�LINES��)F

AN�ACTIVITY�REFERS�TO�A�REMOTE�STATION�� THAT� IS�BEYOND�THE�PACKET�DRIVER S�SCOPE��BOTH

THE�INCOMING�CALL�MANAGEMENT�AND�THE�INTEGRATED�)0ROUTING�AND�%THERNETBRIDGING

FUNCTIONS� FAIL� TO� ASSIGN� THE� ACTIVITY� TO� A� CERTAIN� TABLE� ENTRY�� 4HE� PACKET� DRIVER

INDICATES�THIS��AND�REQUESTS�THE�SUPPORT�OF�THE�STRATEGIC�MODULE�WHICH�HAS�THE�SCOPE

FOR� THE� ENTIRE�NETWORK��4HE� STRATEGIC�MODULE� IS�PASSED� THE�PARAMETERS�NECESSARY� TO

PROCESS�THE�REQUEST��CALLER�ADDRESS�OR�THE�PACKET�TO�TRANSMIT	��4HE�ROUTING�NECESSARY

TO�ASSIGN�THE�REQUESTED�REMOTE�STATION�HAS�TO�BE�DONE�BY�THE�STRATEGIC�MODULE��WHICH

DECIDES�ON�THE�RECONFIGURATION�OF�THE�PACKET�DRIVER��4HEREFORE��IT�REPLACES�AN�ENTRY�OF

THE�PACKET�DRIVER S�TABLE�WITH�THE�PARAMETERS�NEEDED��4HE�PARTIAL�SCOPE�OF�THE�PACKET

DRIVER�HAS�CHANGED�DYNAMICALLY��!FTER�THE�REPLACEMENT�OF�THE�TABLE�ENTRY��THE�PACKET

DRIVER�CARRIES�OUT�THE�NEW�ENTRY�USING�ITS�INTEGRATED�)0ROUTING�AND�%THERNETBRIDGING

FUNCTION��;&IG���=�SHOWS�THE�FOUR�STEPS�NEEDED�TO�RECONFIGURE�THE�PACKET�DRIVER�IN�CASE

OF� AN� INCOMING� CALL�� 4HE� PACKET� DRIVER� HANDLES� K��� "CHANNELS� �TWO� "2)S	�� 4HE

NETWORK�MANAGED�BY�THE�STRATEGIC�MODULE�CONSISTS�OF�N���REMOTE�STATIONS�

)N�THIS�WAY�THE�CRUCIAL�STEPS�NEEDED�TO�RECONFIGURE�THE�PACKET�DRIVER�ARE�CARRIED�OUT�

PROVIDED� THAT� THE� NUMBER� OF� "CHANNELS� NEEDED� EQUALS� OR� EXCEEDS� THE� NUMBER
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AVAILABLE��$IFFERENT�STRATEGIES�OF�REPLACING�THE�PACKET�DRIVER S�TABLE�ENTRIES�HAVE�TO�BE

EVALUATED�IN�ORDER�TO�MEET�THE�POSSIBLE�DEMANDS�OF�DIFFERENT�SITUATIONS��THIS�LED�TO�THE

NAME� STRATEGIC�MODULE	�� 3OME� APPROACHES� TO�MANAGING� THE� PACKET� DRIVER S� PARTIAL

NETWORK�SCOPE�USED�BY�THE�STRATEGIC�MODULE�MIGHT�BE�

• 0RIORITY�SCHEME��%NTRY�WITH�THE�LOWEST�PRIORITY�IS�REPLACED�

• )NACTIVE� TIME�� 3TRATEGIC� MODULE� SEARCHES� FOR� AN� ENTRY� WHICH� HAS� BEEN

INACTIVE�FOR�THE�LONGEST�PERIOD�OF�TIME�

• #HANNEL�REDUCTION��)F�"CHANNELS�ARE�GROUPED�TO�INCREASE�THE�THROUGHPUT�

THEN�THESE�"CHANNELS�ARE�ASSIGNED�TO�OTHER�USERS� TO� INCREASE� THE�NUMBER

OF�POSSIBLE�LOGICAL�PORTS�

• !LTERNATIVE� ROUTES�� 4HE� LOGICAL� CONNECTION� MIGHT� BE� ROUTED� TO� ANOTHER

)3$.�ROUTER��BACKUP�SYSTEM	�TO�MEET�SYSTEM�LOAD�PEAKS�

• #OMBINED� STRATEGIES�� 4HE� STRATEGIES� DESCRIBED� ABOVE� MAY� BE� USED

TOGETHER�� &OR� EXAMPLE�� SEVERAL� USERS� MIGHT� BE� GROUPED� TOGETHER� AS� A

PRIORITY� CLASS�� %VERY� PRIORITY� CLASS� IS� ASSIGNED� A� FIXED� NUMBER� OF

"CHANNELS�WHICH�ARE�DISTRIBUTED�USING�THE�CHANNEL�REDUCTION�SCHEME�

4HE� EXAMPLE� IN� ;&IG���=� PRESENTED� THE� EVOLUTION� OF� THE� ROUTERBASED� SOLUTION� FOR

���"CHANNELS� �DESCRIBED� IN� ;3ECTION��=	� TO� A� METHOD� THAT� ALLOWS� FOR� DYNAMIC

RECONFIGURATION�OF� THE�PACKET�DRIVER��(OWEVER�� IN� THAT� CASE� THE� STRATEGIC�MODULE� IS

CONFIGURED� STATICALLY�� SO� THE� SOLUTIONS� DO� NOT� REACH� MAXIMUM� FLEXIBILITY�� 4HE

FOLLOWING� ;3ECTION��=� DESCRIBES� THE� POSSIBILITY� OF� A� DYNAMIC� RECONFIGURATION� OF� THE

STRATEGIC�MODULE�

��2EMOTE�-AINTENANCE�AND�-ANAGEMENT

!�SOLUTION�TO� THE�REMOTE�,!.�ACCESS�USING�)3$.�WAS�DESCRIBED�IN�;3ECTION��=�AND

;3ECTION��=�� )T� HAS� BEEN� SHOWN� THAT� THE� NETWORK� APPLICATION� HAS� THE� SCOPE� OF� AN

ATTACHED� %THERNET�� ALTHOUGH� THE� REMOTE� ,!.� ACCESS� DOES� NOT� ACHIEVE� THE� SAME

PERFORMANCE� BECAUSE� OF� A� LOWER� TRANSFER� RATE� AND� HIGHER� )3$.� SETUP� TIMES�� 4HE

SOLUTION�PRESENTED�ALLOWS�ADJUSTMENT� TO�USERSPECIFIC�REQUIREMENTS�USING�A�STRATEGIC

MODULE��(OWEVER�� IN� THE� CASE� OF� NETWORKS� CONSISTING� OF� A� HIGH� NUMBER� OF� REMOTE

STATIONS� OR� SEVERAL� )3$.� ROUTERS�� THE� NEED� FOR� EASING� NETWORK� MANAGEMENT� AND

MAINTENANCE�IS�GREATER��4HIS��TOGETHER�WITH�THE�ENHANCED�REQUIREMENTS�DESCRIBED�IN

;3ECTION��=�� DEMANDS� FOR� A� MODULAR� DESIGN� OF� THE� STRATEGIC� MODULE�� AS� EASY

REPLACEMENT�OR�MAINTENANCE�OF�SEVERAL�MODULES�BECOMES�NECESSARY�

4O� ALLOW� FOR� DISTRIBUTION� OF� MAINTENANCE� AND� MANAGEMENT� TASKS�� THE� STRATEGIC

MODULE�HAS�TO�BE�DIVIDED��4HE�PACKET�DRIVER�IS�ENCAPSULATED�IN�A�MODULE�CONSISTING

OF�A�STRATEGIC�KERNEL�AND�A�PACKET� INTERLAYER��4HE�PACKET� INTERLAYER�ALLOWS�ACCESS� TO

ANY� TRANSMITTED� PACKET� AND� CONTROLS� COMMUNICATION� ON� THE� LOGICAL� LINKS�� 4HE

STRATEGIC� KERNEL�MANAGES� THE� STRATEGIC� INTERFACE� ACTIVITIES�� )TS� MAIN� FUNCTION� IS� THE

DISTRIBUTION� OF� THESE� ACTIVITIES�� AS� THEY�MIGHT� BE� NEEDED� BY� DIFFERENT� MODULES�� &OR

EXAMPLE�� THE� INDICATION� OF� ESTABLISHING� AN� )3$.� LINE� IS� NEEDED� BY� THE� ACCOUNTING
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MODULE� AS� WELL� AS� BY� THE� ACCESS� CONTROL� MODULE� AND� THE� SECURITY� MODULE�� 4HE

MODULES� SURROUNDING� THE� STRATEGIC� KERNEL� AND� THE� PACKET� INTERLAYER� PROCESS� THE

NECESSARY�REQUIREMENTS�AND�ARE�INSTALLED�ON�DEMAND��4HESE�MODULES�FORM�THE�LOCAL

ENVELOPE� FOR� THE� STRATEGIC� MODULE�� 4HIS� ENVELOPE� CAN� BE� ACCESSED� BY� DISTRIBUTED

INFORMATION�BASE�SYSTEMS�TO�PERFORM�MANAGEMENT�FUNCTIONS��3.-0�IS�USED�AS�ACCESS

PROTOCOL��;&IG���=�GIVES�AN�OVERVIEW�OF�A�MODULAR�DESIGNED�STRATEGIC�MODULE�

&IGURE����-ODULAR�DESIGN�OF�THE�STRATEGIC�MODULE

4HE� MODULAR� DESIGN� ALLOWS� THE� USE� OF� IMPLEMENTED� MODULES� SEPARATELY� OR� A

COMBINATION�OF�SOME�OF� THEM��)T�ALSO�ENCOURAGES�EFFORTS� TO� TAKE�FURTHER�STEPS� IN� THE

NETWORK�MANAGEMENT�AREA��4HUS�A�FLEXIBLE�WAY�OF�ADJUSTING�THE�REMOTE�,!.�ACCESS

TO�MEET�DIFFERENT�REQUIREMENTS�HAS�BEEN�SHOWN�

��#ONCLUSION

4HE�RAPID�EVOLUTION�OF�)3$.�HAS�CREATED�CONDITIONS�FOR�THE�DEVELOPMENT�OF�SYSTEMS

THAT� USE� ITS� FACILITIES� EFFICIENTLY�� 4HE� ���KB�S� CIRCUIT� SWITCHED� CHANNEL� IS� THE� MOST

COMMON� BARRIER� SERVICE� BY� CARRIERS� OFFERING� GOOD� OPPORTUNITIES� FOR� ,!.� ACCESS

THROUGH� )3$.�� 4HE� ROUTER� BASED� SOLUTION� PRESENTED� IN� THIS� PAPER� FOR� A� 02)� WITH

31Leitold H., Posch R., Pucher F.: LAN Access Over ISDN



���"CHANNELS�ON�THE�ROUTERSIDE�AND�A�"2)�OR�02)�ON�THE�USERSIDE�TRIES�TO�SCHEDULE

ALL�INCOMING�CALLS�IN�SUCH�A�WAY�THAT�EACH�USER�GAINS�ACCESS�TO�THE�,!.��)N�ADDITION

TO� THE�USE�OF�A�02)�FOR�REMOTE�ACCESS�� THE�ROUTER�CAN�PROVIDE�ACCESS� TO� AN�%THERNET

,!.�FOR�MORE�REMOTE�STATIONS�THAN�CHANNELS�AVAILABLE��4O�DO�THIS��SEVERAL�STRATEGIES

HAVE� BEEN� IMPLEMENTED� WHICH� ARE� CONTROLLED� IN� A� SEPARATE� MODULE�� THE� STRATEGIC

MODULE��4HE�STRATEGIC�MODULE�CAN�ALSO�PROVIDE�FOR�SECURITY�IN�COMMUNICATION�AS�WELL

AS� AUTHENTICATION�AND�ACCESS� RESTRICTIONS��&OR� FUTURE� REQUIREMENTS�DIFFERENT�WAYS�OF

SIGNALING�CAN�BE�USED� TO� SPEED�UP� THE�NETWORK�ACCESS�� SUCH�AS� THE� )3$.�USERUSER

SIGNALING� SYSTEM� �533��	� OR� THE� PACKET� SWITCHED� CONNECTION� OVER� THE� $CHANNEL�

BOTH�CAN�BE�USED�TO�DELIVER�STATUS�INFORMATION�

#OMPREHENSIVE� PERFORMANCE� EVALUATIONS� HAVE� BEEN� MADE� TO� ALLOW� COMPARISON� OF

DIFFERENT� SOLUTIONS��4HEY�PROVED�� THAT� THE� TRANSFER� RATE� IS�NOT� LIMITED� BY� THE� PACKET

DRIVER�� AS� THE� THEORETICAL� TRANSFER� RATE� OF� ���KB�S� PER� ESTABLISHED� "CHANNEL� IS

POSSIBLE��(OWEVER��DEPENDING�ON�THE�QUALITY�OF�THE�NETWORK�SOFTWARE�USED��LOSSES�IN

TRANSFER�RATE�MAY�OCCUR��4HE�FIRST�TRANSMITTED�PACKET�IS�DELAYED��BECAUSE�OF�THE�TIME

NEEDED�TO�ESTABLISH�A�"CHANNEL��4HIS�SETUP�TIME�DEPENDS�ON�THE�NUMBER�OF�SWITCHING

POINTS�THAT�ARE�REQUIRED�TO�ESTABLISH�THE�CONNECTION�AND�HAS�ACHIEVED�VALUES�RANGING

FROM�BETWEEN�����AND�����SECONDS�

/NE�OF� THE�MOST� IMPORTANT� CONSIDERATIONS� IN� THIS�WORK� IS� THE� INDEPENDENCE� OF� THE

CARD�MANUFACTURERS�AND�THE�USE�OF�COMPATIBLE�HARDWARE�WITH�PUBLIC�DOMAIN�SOFTWARE

FOR� REASONS� OF� COST�� 4HIS� FACTOR�� ALONG�WITH� THE� SEPARATION� OF� THE� STRATEGIC�MODULE

WHICH� DEFINES� THE� BEHAVIOR�� AND� THUS� ALLOWS� FOR� A� NUMBER� OF� ACTIVE� CONNECTIONS

EXCEEDING� THE� NUMBER� OF� PORTS��MEANS� THAT� A� FLEXIBLE�WAY� OF� ADJUSTING� THE� REMOTE

)3$.,!.�ACCESS�TO�DIFFERENT�REQUIREMENTS�IS�POSSIBLE�
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