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The ideaof Integrated Services Digital Network (1SDN) appeared at the beginningof the
70-ies inEurope. The rapid development of new technologies in telecommunications
startedoff itsrealization andstandardization inBulgariatoo.

1. What is the idea of ISDN?

The ideaof IDN ingereral istransmissionofdifferenttypesof information: voioe (typical
for telephone networks) , data (typical for corputer networks) and imege (typical for the
TV networks, but the transmission Isone-way) usingone and the same transmissionmedia.
Special attention ispaid tothequal ityandrel isbi l ity of transmission-thenetwork isbui kit
ondigital bases, butusing theexisting telephorenetwork, evenwhen it isstillananalogue
one. The networkprovides some entirely newservices: cal lingnumber identification,
automatticwaitingonbusy line andconnectingafter it isreleased, switchingtoanother
number-, conferencemode etc. Different terminal equipment (TE) , handling the respective
functions, isconnected through one and the same slot (mixed communication) -

Actual ly two networks exist in 1SDN: one for the transmission of integrated
information anda second for links control - Thecorttrol network iis logical ly separated from
the data network and ensures bui lding and disintegration of the lineaswell as other
controlling functions. Thedamelsfor integrateddata transfer are calledB-dhamrels. The
control information is transferredover the D-chamnel . TheD-channel controlsall the
available B-chanrels in paral lel . The method is cal led Common Channel Signalling and
thecontrol rt=selfiscalledCutslotSigaling.-

Two types of ISDN exist: withBasic Access and with Primary Access. The Basic
Access network consists of two 64 kbps B-channells and one 16 kiops D-channel , sothe total
capacity of the network is 144 kbps. The Primary Access network has 30B-channels and
oneD-channel, all beingwith 64 kbps. The total rate is2Mops.
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The interface between ISDN user”s TE and the network is marked as 1SPBX — 1ISDN
Private Branch Exchange.

The broadband ISDN (B-1SDN) is comparatively newand is used mostly for image
transfer (for examplevideo conferences or LANs interconnection) . TheB-1SDNprovides
data rate exchange of hundreds of Mops.

1N follows the 0SI structure of 1S0. It provides transport services between two
TEs. The B-and D-channelswork in paral lel and are accessible through acommon point
TSAP (Transport Service Access Point) . The separation of the two types of chanrels is
transparent for the user; they have their own protocols for levels2 and 3. Each
independently attached unit receives its own TSAP to access the transport level . Each
participant in ISDN has only one NSAP point (Network Service Access Point) for the
network level acosss.

The standardized digital comunication has tomeet the fol lowing basic require-
ments:
—voice, data, video and text tobe transnittedon the same line;.
—onlyone comector plug is needed;
— decrease of costson transmitting non-vVoice Mmessages;
—oonrectionof private instal lationsasbranches;
— decreaseof time, needed for call setup.

The telecomuniication companies indifferent countriesareaimingatuniting the
already existing separate networks and the futureones inasingle network soto decrease
thecostsand increase theefficiencyof links.

ISDNdraws the interest tonards itself of both publ icand privateexdanges (PABX) .
It is transmissionmedia independent, enables both new and old TE to be used and
integratesal | currentand futurenetwork services.

2. 1SDN Standardization

The questionof standardization isof particular importance. With the inplementationof
IDNanewgeneration of TE iscreated, which to satisfy the requirements for integrated
servicesnetworkingand to performdifferent functions inpublicand private networks. On
the other hand the attachment of standardized and specificunits to the IDNnetwork has
tobepossible.

CCITT hasalready accepted to acertain extent the standards for levels1and 2 of
the 0S1 model of ISDN. ETSI (European Telecommunication Standards Institute) and
ECMA (European Computer Manufacturers Association) areworkingon standardization
of level 3onEuropeanscale (EURO-1SDN) . Aborderline step inthe introductionof the
EURO- ISDN has been made by several European countries by introducing their owmn
variants of the D-channel protocol on level 3, suchas the protocols of the German Post
1TR6 and the French protocols VN2/VN3.

CCITT gives the Tol loving recommendations for I1SDN:

1.100—- general recommendations,
1.200—-definrtionofservices,
1.300—networkaspects,

1.400- physical aspects and transmission protocols,
1.500— interfaceswithinthenetwork,
1.600—principlesfor networkmaintenance.

Thephysical level of the network is formed according to recommendations 1 .430and
1.431 for 1ISDNwith Basic and Primary Access respectively. On the D-channel protocol
Q-921 isused for level 2 (LAPD) and Q931 — for level 3. On channel B the HDLC X.75
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symmetrical protocol isused for level 2 (LAPB) and 1508280 (X.25) - for level 3. Level
4 isbroughtoutasX.224 interface.

Different functional groups have beendefined inthe CCITT model, each of them
coveringsimilar users” functions of ISDN. TheNT1 (Network Terminattion) functional
grouwp real izes the comection onthe side of the publ ic network. NT2 ensuresdifferent TE
Tor 1ISDN tomake use of the cable. For example a private telecomunication installation
isacomplexand powerful functional group NT2.

Sample pointsS is the boundary between NT2 and TEL or TA (Terminal Adapter),
i.e. the interface of the user tonards 1SDN. The Spoint inPrimary Access ISDNis usual ly
used to connect to mainframe. The S interface performs levels 1and 2 in the OSI model
and satisfiesthe increasingnurber of standardson level 3.

Sample point T separates NT2 fronNT1. When TE isdirectly attached to the public
network InpointNT1, point Scoexistswith T. Sand Tare toagreattextent intermational ly
stanchrdized.

Privatestandards S
Scific | (ECMA)
marufacturer’s :
fuctias !
i Public standards S
i (ETSD)

Fig-1
YT (directoomection)
TETH——iNT 21
S
TE 1 I T ISDN
R s NT 2
[TE2}H—TAT] i
Functional Blocks: NT 1 Network Termination 1
NT 2 Network Termination 2
TE 1 Terminal Equipment 1 (I1SDN)
TE 2 Terminal Equipment 2 (non-1SDN)
TA Terminal Adapter
Sample Points: S User Interface
T ISDN Interface
R Auxiliary Interface tothe TE

|:| Functional Group
_I_ Interface
Fig.2
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One of themajor objectives of people, working onthe problems of standardization
isthecompatibilityof TE, i.e. TEfrandifferentmanufacturerstobeusedboth inpublic
and private networks. ETSI isthe responsible inEurope for the standardizationof public
1N, hence for Tand /T interfaces. EQVA takes part instandardizing private networks
anddefines the SandQ interfaces (links between ISDN instal lations) .-

Tremanufacturersof telecomunication instal lations offer sore specificservices to
theircustorers, whicharemostly interesting for the PABX” susers butnot for the public
network. Thosespecificprivateservices arestandardized by ECVA. The result isthat the
standard for the S interface withinthe boundaries of ECMA covers much larger number
of functions, but ithas to remain corpatiblewith the /T interface of the publ ic network.

Two types of protocols for TE (level 3) are defined inthe CCITT recamendations
foradditional servicescontrol - pulseand functional . The pulseprotocol doesnot regquire
the TE to know anythiing about the cal | and the handl ing of the additional service; the
“intelligence” is inthenetwork itself. The camunicationbetween the TEand the network
iswithimpulses, interpretedand handledby the network The pulse protocolsmake possible
theearly introductionofadditional 1ISDN-services.

The specificservices, requiring “intel ligent” interworking between the TEand the
network cannotbe real ized by pulse protocols. Thefunctional protocol, used inthat case,
requiresthat the TE receives informationabout the call ledaddirtional sexvice, as itdoespart
of the handl ing. The communication between the TE and the network is by functional
messages.- Inthat case the TE is more intel ligent and takes over most of the line
management.

3. What are the opportunities 1SDN proposes?

There isagreatvarietyof services in ISONsuchas: calling party identification, calls
selection, call redirection, holdingbadkof line, service identification, flexiblebardvidth
ondemand, useofD-channel backup, ete. Automatic identificationof the TE participating
inthe comuniication is done, sothat the information is received by the gppropriate unit.
ISDN isalsoused intelemarketing, alarmsignaling, disaster recovery. Fastercall setup
is passible in IDNbecause of out-of-band signal ing.

Here are some more special services ISDNoffers.

3.1. CallingParty Identification

Onmessaging, the incaming call ing party number is identifiedand ismadeavailable to
the receiving party as a partof the incoming request. This number can be used for
applicationssuchasautaratic custorer record retrieval , customized cal l handling, call
distribution tospecial ized participants(agents) , customer cal 1-back,, dial-upsystems
seaurity. ISNaallingparty identification isdel iveredwirthaddrtional percal | information.
Itincludesdialednumber identificationandservice identification. Thisgivescustarers
muchmore information before acceptingthecall .

3.2.Call Redirection

Selected callscanbedistributed by ISN custorers toal termate locations using the“dialled
nurber identification” or the“‘cal lingpartynumber identificatiar” services. Wenacall
isdelivered to acustorer premiseswhere itcannot be promptly handled, 1SDN custamer
equipment can release the unanswered cal | and retum 1t to the network by issuinga
standard 1ISDNbusy line indication. Thiswill cause the network to redirect thecall tha
predetermined by the customer overflow location. Thecal l setup time for thecal ling party
isnotperogptibly increased since thenetwork invokes immediately andautomatical ly the

99



altermatedestinationcal | redirection (ADCR) service. Cal Isare corpleted regardless of
whether erther location isan ISDNone.

The ADCRservice canbe usedas acal | distributor on network base tohelp customers
balance the load or distribute the incomingcal Isbasedon real-timeevents. Italsohelps
more incoming cal Is to be completed in case of network access faci litiesor premises
malfunctions. Anycall completionproblems related to trafficsurges, longabnormal call
holding times, local agentdisruptionsetc. are treatedby ADCR.

3.3.CallsSelection

I1SDN customer can dedicate selected B-channels for a specific servicewhenworking in
real-time, or share it on demand among several services. Channels areallocated to
incaning and outgoing call requests onaFIFObasis. Overflovand peak traffic resources
can be shared among combined services, el iminating the need for special dedicated
oerflovcirauits. Thesecirauitsareused tohandleburstsof traffic foreachserviceandare
idle the restof the time. Customers of 1SDN can control access tonetwork services, for
example, handling trafficpeaksforahigh priority service by limiting theuse ofa loner
priorityone. Thebenefitissavingsfor the customer because fener feci lTtiesare required.

3.4. Flexible Bandwidth on Demand

The service s proposed in ISDN Primary Rate Interface. On customer”s demand B-
channels can be bundled intogroups of 1, 6 or 24 channels. Bandwidth of 64 Kbps, 384
Khyps or 1536 Khps is offered respectively . The request forbundling ismededuring trecall
setup. Custarersno longer need tomaintaindedicated broadband or data faci lities, hence
costs are cut. Broadband channel bundl ing to 384 Kbps or 1536 Kbps on demand is
particularlyconvenientforhigh-qual ity color video telecortferencing, computer graphics,
CAD, image anddata transfers.

3.5. D-Channel Backup

The D-channel backup service improves access reliabi ity for 1SDN customers. The
arrangement iswith two D-channels: an activeand aspare one. 1T the prime D-channel
Tails, thebackupone takes over inmediately . All stable cal Isare maintainedandnormal
call handling is resured.

3.6. User-to-User Information Forwarding

User—defined, percall information is passed through the network betweenoriginating and
terminating cal I parties. Both parties have to terminate on ISDNPrimaryRate Interface
equipment. This user-defined information is associatedwith the standard call cortrol
messagesand isdelivered at the begimingof thecal l with the cal I request. Thanksto it
an ISDN terminal candisplay the cal l ing party name or a brief message when the phone
s,

Typical exanpleof ISDNservices” use areerergency responseanddisaster recovery
centers organized in the USA and some European countries. Emergency response centers
are computerized alarmmonitoring organizations, using ISDNcal ling partyand dialed
rnurber identificationservicesto locateand respond todifferenterergencies suchas break-
ins, fire, heatandwater crisesetc. Thecal ling party nurber of the custorer indicatesthe
locationof theemergency .. Whenacall is received at the emergency response center, a
databese inmediately retrieves treaustomer s filebased onthe cal ling party identification.
This Ti le shows the agent the whole necessary information — the customer”s name and
address, a list of people tocontact, howto handle thealarmetc. Automated ISONcal ling
partynurber identificationhas considerably increased the accuracy of theserviceas it
eliminates humanerror as themajor factor infalsealarms.

100



Using ISDN services custarers have gained accuracy of information, efficiency by
shorteningcal | holding time and faster cal | set-up, inproved operation performance,
reliability, and reduced costs. The ADXR feature inprovescal | corpletionand telecan-
municationsreliability. Qustomer’s revenuesare increasedby redirectingand conpleting
calIsformerlyblodedby trafficsurges, inefficientlyengineered austoreraccess fecilities,
orservicedisruptions. The broadoand capabil itiesand user—to-user information transfer
service of ISDNgive customer the opportunity to create newservicesand markets.

4 _ INTERNET and 1SDN

Thebasicdifferencebetween Intermetand 1SN is thatt the Tormer uses the packet swirtching
principle ofworkwhi le the latter —the chanrel swittchingone. The co-existence of the two
networks requiresmore canputer resources but offers some advantages too:

The server canservice more custoners than the nurber of theavai lable B-chanrels,
because customersshare transmission lines. This increases theefficiency of the network.

Custorers of the public ISDNpay just for the time of real transmission.

The TCP/IP protocols, perceived as “in fact” industrial standard in computer
camunications, offer services that can be usedwirth ISDN too (for exanple, file transfer,
terminal enulation, network resourcesmanagement) . The Intemet protocol transmits data
packets between the end-users as datagrams being the optimal way of coomunication for
LANswhi le 1SDN uses channel swirtching through publ icor private exchanges. Thismeans
that thelirservices camotbedirectlyusedbytie IP. Networkaoccess shel Ishave beencreated.
Data transfer between the mainframe and the network is real ized through the shell - The
protoool, used intheshel I, will depend onthe respective network themainfrane isattached
o

IP expects adatagramservice from the network . This interface doesn”thave any
primrtives forthe linkoortrol , soadriver under takes total Iy the functions.

When no traffic ison the line, disruptionof communicationmay occur on network
level, but sessiansonupper levelsstill existandare not functional lyaffected.

The creation of shell for 1SDN access under MS-DOS and UNIX control provides
PCusers, having So interface, withaccess tolNDX—senvers. Nodifference ismadewhether
the computer isattached directly to the ISDN or through aprivate exchange. TheMS-DOS
computersmaywork only asclients, whi le the UNIXones canbe serversat the sare time.

TheINIXserver canbea router inthe Intermet too. Nonetwork fi le system isneeded
forthat; the Intermet shel I isenough. Thiswayal | TR/ IPapplicationsareacoessiblefor
both MS-DOSand UNIXPCs. Inaddition, computers that are not attacheddirectly to
1SDN can communiicate over it in case they are attached through Ethermet toan 1SDN-
Ethermet-IProuter.

5. ISDN Communications Optimization

One of the fastest growving areas indatacamunications is 1ISDN routing. The fieldhas
nowattractedal I the leading intemetworking carpanies, becauseefficient routingof LAN
protocols over dial-up ISDNcirauits gives their usersan opportunity toderive the full
potential costsavings that canbe gained by using ISDN.

One of the maiin problems here is the fact that LAN protocols, particularly Novell
IPX/SPX, were not designed foroperationoverdial-upcircuitswhere it is inportant tokeep
call time toaminimum. Theywere designed for LANswhere bandwvidth iseffectively free
once the networkhas been instal led. Asa resultthey haveno restrictions intheiruseof
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pol 1ing to exchange management informattion. Much of this pol 1ing can be el iminatted by
the so cal led spoofing technique. It involves the reductionor eliminationofpolling
transmissions over wide area l inks and the locall enulation of the responses that devices
ateacherd of the linksexpect toreceive. The latter isnecessary tokeepsessionsalive by
givingdevices the impression that the remote end of the link is comunicatingwirth them
directly. Spoofingalso involvesmaintaining of dialogue between remote deviceswhich is
necessary for the network to perform its functionefficiently . As ISDN isoftensoldasa
cheaper altermative to permanent leased circuits for linking remote offices into core
backbone networks spoofing becames very important as part of the broader subject of
bandwi dth management ; a spectrumof techniques for making use of WAN 1inks most cost
effectively. Thisconcemsespecial lydial-Up services (1IN inparticullar) whereyoupay
forwhat you use.. Besides spoofing, bandwidth management includes also data compres-
sion, tedniques forminimization of bandwidth or time in long distance links transmis-

Spoofing is normally handled by routers on each LAN. The problemwith IPX
spoofing isthat thereare several types of 1PX datapackets that need spoofing, andonly
some of themare covered by the majority of routers.

The routing information protocol (RIP) and theservice advertising protocol (SAP)
packets aremost often spoofed ones. RIP packets specify paths between LANsand help
routerstokeep their tablesup todate, while SAP packets adver tise theavai labi lity of
senvers, printers and other resourcesonaNetiare LAN. Other IPX packets thatneed to
be spoofed are the serial ization packets—Novel 1 1icense nurbersbroadcasted by the
Netilare serversagainstpirated copies, watchdog packets - checking for i llegal usage of
NetWare, SPX packets - anextension of 1PX protocol , guaranteeing deliveryof data.

Apart from IPX there are some less common protocols needing spoofing, suchas
Banyan Vines IP, Microsoft”sWFV over TCP/IP, etc.

Theneed for spoofing does not concem just thenetwork layer protocols (suchas IPX),
but canbe requiredatany level atwhichmessages aregenerated. Besides itcanbegpplied
atmorethanore level atatime, reducingoreliminating lov level network pol Isandhigher
level camunicationbetiweengpplications. Theobjective isspoofing toprofitably prevent
umnecessarilyraised ISDNcal ls.

Inorder to keep 1SDN cal I time toaminimumsome other techniques areneeded as
vell. Theprablen isthat it is impossibletoeliminateal 1 transnissionof data, notdirectly
linked to an user”s appl ication because some management information has to be
‘transmirtted for the properwork of the network. However this canhaveasmal l impacton
the network by compressingand sending itat the right time.

The informattionwhich is absolutely needed to be transmitted is the routing tables
updates, as they ageand eventual ly total ly disappear . Over 1SDN, the nurber of these
updates should be kept to aminimum, meanwhileensuring routerstables tobe up todate.
Besides these updates, the SNVP management systems also generate pol Is that should be
minimized too.

Thereare three methods, used for transmitting the routing table updates and SNVP
polis:

—timed updates-the longest used method, but 1tdoes notworkwel I for 1SDN.
Updates are transmitted at preset intenvals, consuming alone 20% onaverage of the total
bandwidth, which is rather unacceptable;

—triggered updates — abettermethod, asupdates are triggered only incaseof some
significant changes that have to be reported. Themethod isnot applicableon large
networks, because there are too marny changes tobe reported;

—piggyback updates — the optimun solution for 1SDN networks. Polls and updates
are only transmittedwhenan 1SDN cal 1 for user data sending has al ready been raised.
BException iswheneithera linkorarouter fai lure isolatesan ISDN router and theaim is
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‘tobring rthack into the network incaseanaltermative path exists.

What is the future appl icationof 1SDN?

ISDN plays an integral role inthe development of intel ligent networking and
premises appl ications. Call redirection, networkcal l queuing, andannouncements regquire
intel ligent premises interaction. 1SN shares intel ligence between the networks and
premises inordertoprovide flexibleand custom-oriernted services. The introductionofnew
modern technologies - ATM, Frame relay etc. - in ISDN is atendency in its future
develgoment..

InBulgariathe Bulgarian Telecommunication Comnpany has started the introduc-
tionof ISDNservices insome publicexchanges. Some state institutionsand business
custorerswi Il be the firstattached to thenetwork.
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Texnosorma ISDN—XapaKTePUCTUKN U LIeJIN

Maprmana Crpyraposa, [lers KagemoBa—KariapoBa

VHCTUTYT KOMIIBIOTEPHEX M KOMMYHUKALMOHHEIX cucTeMm, 1113 Copmsa

(PeswomMme)

PaccMaTprBalTCS OCHOBHEIE XapPaKTEPUCTUKY TeXHOJIOTMM ISDN —LMbpOoBOM ceTu
VHTETI'PUMPOBAHHBIX YyCIIyT'. OCHOBHOE IIPEMMYIIECTBO CETU — [lepellada PasHbIX TUIIOB
vHbopMaLVM: TOJIOCA, OAaHHEIX M M300PaXeHMI 10 OOHOM M TOM Xe COOBUMTEIIEHOM
JmHMM . CeTb ODeCreunBaeT HEKOTOPEE COBEPIIEHHO HOBEIE YCIIyTM i UOEHTUOMKALIMA
BEIBLIBAIOIIET'O HOMEPA, aBTOMaTMHeCKOe NOMKMIaHME 3aHATOM JMHMM, NIePeKIIoIeH e
Ha OpyToM HOMEpP, IepenpaTka M IoO0opKa BEBOBOB, I'MOKOCTbH YaCTOTHOM JIEHTEL 110
3aKasy, PeXM KOHQePeHIVM M [P .

B CcBA3M C BONPOCOM CTaHOAPTU3ALMM HMOPOBEX KOMMYHMKALMUM OAOTCS
omnpenesieHrs QyHKIMOHAJBHEX Pyl NT1, NT2, muHTepdericoB Su T 1 Ux GyHKLUVIL B
COOTBETCTBIMM C yPOBHAMM Momesm OSI. Ocoboe BHMMaHMKE yaessaeTcs ceas3m ISDN ¢
Internet. PasHuila B NpUHUMUIIE PAOOTEL OOEUX CeTeM — [IePeKJIoUeH e KaHaJlOB U
[IepeKJIoYEeHNe [TaKeTOB — TpebyeT NOINOJIHUTEJIEHOT'O KOMIIBIOTEPHOT'O pecypca .
OnHaKO X COBMelIeHME NaET [OTPeOUTEIAM CYIeCTBEHHEE [IPeVMYIeCTBa .

MapupyTuzaumusa B ISDN saBjsgeTcs oCco0O BaxXHOM IJiS OITUMM3ALUNU
KOMMYyHVIKAL B ceTH . CyTh €€ B yMeHbUICHVM VI SITAMVHVOOBaHVM [TOJVHTA (3aIjo0COB)
B CeTM PV [TOMOLM JIOKAJIEHOM BMyJISLINMM OXMOAEMEIX OTBETOB (CIIyQMHT) .

TeHneHUMda B pa3BUTumM ISDN — MCIIOJIE30BaHME HOBEMIMX TEXHOJIOTV : ATM,
Frame relaymp.
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