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Abstract

This paper introducesdevelopmentof software for the
IskraTELs switch node SI2000V5 — MLB module. A
Software Call Generatomodule(CG) hasbeendeveloped
for easyandthoroughtestingof softwaredevelopers’pro-
gramcode. Until now, developershadto useexternaltest-
ing equipment.Therearenot enoughtestmachinedor ev-
ery developerto use,dueto their high cost. They arein the
handsof validationandtestingpersonnemostof thetime.

One of the objectveswas also geographicalndepen-
denceof CG users.CG canbe usedfrom ary placein the
world. The only requirements Ethernetconnectvity with
the switch nodethat we wantto test. This enabledesting
of alreadyinstalledswitchnodesn RussiaTurkey, etc. We
are not limited to testingareasin the compary. CG can
be alsosuccessfullyusedby the servicedepartment.Any
WWW browser can be usedfor the userinterface. This
way operatingsystemndependence guaranteedThepa-
perpresentplanninganddevelopmentbof CG anda practi-
calillustrationof its use.
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Introduction

Bell's invention of the telephonein 1876 had one of the
greatesimpactson mankind.Sincethentelephonaetwork
hasbeengrawing eachyear Nowadaysearlyabillion tele-
phonesexist worldwide, reliably enablingcommunication
from nearlyary pointon earthwith ary otherpoint. In the
last decadewe are witnessinga hugegrowth in telecom-
municationsmarket, mostly dueto the deploymentof In-
ternet.Very demandingnarketsexpecttelecommunication
companiego developandimplementall new technologies
in the shortestpossibletime. Thereforedevelopmentand
implementatiorof new technologiesvereshortenedn the
pastyearsconsiderablyA veryimportantpartof every de-
velopments validationandtesting.

Validationis a systematicevaluationof productfunc-
tionality throughits developmentprocesg1]. Reviewsand
testsare performedat eachphaseof the developmentpro-
cess.To ensurghatthe productrequirementsirecomplete

andtestable testability shouldbe reviewed at the earliest
stagepossible. The two major typesof validationactivity
are:

1. Reviews: Reviews include “walkthroughs”and are
actuallyaform of inspectionyatherthantesting.Re-
viewsincludereviews of documentatioto make sure
thatthedocumentatiomvill supportoperationmain-
tenanceandfutureenhancements.

2. Testing: Unit testing, progressie levels of integra-
tion testing,validationtestingandacceptancéesting
eachsene a different purpose. Weaknesses ary
testingphasewill compromisethe integrity of vali-
dationandacceptanceests.

We will focuson testingof a new softwarefunctional-
ity in theearlieststage®f its development Ourgoalwasto
enabletestingto every developer Althoughmodernswitch
nodesare basicallycomputersmostof the testingis still
donewith ablackboxapproachTesterausuallyuseexpen-
sive externaltestequipment.

CG softwaremoduleintroducesa differentapproacho
testingof switch nodes. It cannot fully replaceothertest
methodsput it providesa cheapguickandreliabletesten-
vironmentfor the developerof softwarecode.

Firstwe will take a quick look at digital switchingsys-
tem SI2000V5. Thatwill give us enoughunderstanding
aboutthe basicconceptsand building blocks of the hard-
wareandsoftware. After this introductionwe will explain
how andwhy we decidedo implementCG theway we did.
In thefinal sectionof the paperwe will provide a practical
exampleof its usethroughareal-life situation.

Digital switching system SI2000

IskraTEL d.0.0. is the compary for development market-
ing, planning,manugcturing,installationand servicingof
telecommunicatiosystemslt wasformedin 1989with the
capital from Sloveneinvestorsand the Germancompary
SiemendAG [2] andis the largestSloveniantelecommuni-
cationscompary. The new generatiorof its digital switch-
ing systemis called SI2000V5. It is a digital switching
systemwith afew hundredo severalthousandsf ports. It
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Figurel: Line Module

is an advancedmodularsystemthat offers basicfunction-
ality aswell asa rich rangeof servicesincluding ISDN,
signallingNo. 7, Centre, ATM, IP, etc. SinceCG software
moduleis developedonly for analogsubscribetine! test-
ing, the paperwill focusonMLB (Line Module VersionB)
(Fig. 1) with SAx (Analog Subscribetnit Versionx).

TheMLB malesthecoreof theaccessnode(AN). The
taskof MLB is to connectanalogsubscriberslSDN termi-
nalsandnetwork transmissiorpaths[3]. The line module
performsthe tasksof anaccessetwork, includingthe de-
tectionof calls,subscriberingingandperformancef mea-
surementsSub-rackconfigurationrof MLB consistf me-
chanicalparts,a backpanelandplug-in units (PLB, CLB,
SAx and SBx)(Fig. 1). The backpanelhas24 slots. The
firsttwo slotsarereseredfor CLB, thesecondwo for PLB
andtheremainingpositionsfor 20 peripheralnits. All con-
nectorsexceptthe CLB connectorareidentical. Therefore
the layout of the unitsin the systemsub-rackis optional.
The CLB is the basicplug-in unit of the line module. It
incorporatesTPx, CVx, CDx, HDD (Fig. 1). Symmetri-
cal PrimaryRateAccesdnterface(TPx) unit providescon-
nectionto the digital network (ISDN primary rate access
(PRA), V5.2i interfaces). For betterunderstandingf this
paperwe only needto understandhe functionsof CVx,

CDx and SAx. CVx is connectedo individual functional
groupsof CLB via an adaptercontainingVME (Virtual
Memory Extender)anda local bus. CVx performsthe fol-
lowing accessiodefunctions:

e controlsandmonitorsMLB,

e provides2 Mb/s links for the connectiorto the cen-

tral module,

controlsthe switching network andis connectedo
peripheralnitsvia seriallinks,

all applicationsrun in the pSOS+(Plug-in Silicon
OperatingSystem)providing the correctscheduling
of tasksto thevariouscalls,

communicationwith local managementterminal
(MT) viaanRS232or Ethernetous,

control of harddisk via the SCSI(Small Computer
Standardnterface).

CDx is usedfor scanninganalogsubscriberssending
tonesto theuserin theeventof congestiony5.2i or switch
node (SN) failure, for superframe synchronisationpro-
cessingof conferencecalls and data communicationus-
ing the High-level DataLink Control(HDLC) protocol(32

1The sameprinciple canbe usedfor the developmenf CG for SBx (BasicRateAccessSDN Subscribetnit).
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Figure2: Softwarehierarcly of SI2000andanalogsubscribesignalpath.

Digital SubscriberSignalling SystemNo. 1 (DSS1)con-
trollers).

Peripheralinitsareinsertedn the MLB sub-rackstart-
ing from the left to the right after the centralunits. In
the module20 slotsareavailablefor the peripheralplug-in
units. They are connectedn a form of a statr thus min-
imizing the mutualinfluenceamongthe plug-in units and
allowing plug-in unit replacementindervoltage. The in-
terfaceon eachperipheralnit usedfor theconnectiorwith
CLB hasthefollowing characteristics:

e 16 Mb/stransmissiomate,

e bidirectional4-wire transfer(clock, frame, bus up,
busdown),

e 8-bitdatabus,
e protocolonthebusis of masterslave type.

The peripheralunit SAx senesfor two-wire (a/b) con-
nectionof analogterminals.Thereare32 analogsubscriber
line circuitsontheplug-inunit. The unit hasbeendesigned
for theapplicationin public systems.

S12000 software distribution

The core of the modernswitching systemis its software
code.lt providesthefunctionality controlandmanagement
for the system.Softwareis dividedin systemandapplica-
tion part. Thefollowing SI2000systemsoftwareis usedby
CG:

e pSOS+eal-timeoperatingsystem,
e TCP/IPprotocolstack,

e Real-timedatabasenanagemergystem(RTDBMS)
[4] thatincludes:

— mechanismsproviding the applicationssoft-
ware with the possibility of accessingthe
database,

— SQL (StructuredQueryLanguage}ener.

Thesystensoftwareis executedn realtime. This meanst
respondgo the eventsin theervironmentin the predefined
times. The executionof software codeis divided between
CVx andCDx modules.Fig. 2 describesoftwarehierar
chy of SI2000switching system. We decidedto put CG
codeon both partsof the system.The CVx-S? partwill do
all themanagemerdandcontrol,have accesso thedatabase
andprovide accesso harddisk. Becauseve wantto cover
asmuchapplicationsoftwarewith our testmoduleaspos-
sible andwe don't wantto changeary existing software,
generatiorof calls(generatiorof call signalling)shouldbe
doneascloseto theusualorigin of call signallingaspossi-
ble. As youcanseein Fig. 2 telephondinesareconnected
to CDx partof switch node. Thatis why partof CG natu-
rally belongsin the CDx-S. Analog subscribesignal path
for simplecall from port A to port B is shavn in MSC [5]
diagramin Fig. 3.

2Softwarecodethatis in the CVx-Sis actuallyprocessevith the CVx module. The CDx-Sincludescodethatis processeavith CDx module.
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Figure3: SimplifiedMSC diagramof telephonecall from portA to portB.

If we wantedCG to work, we hadto sendall signals
from low level driverto it (signalroute10— Fig. 2). Ad-
ditionally we hadto copy all signalsthatwerecomingfrom
the Control&Accessnoduleqsignalroute5 to signalroute
10— Fig. 2). Thiswasaccomplishedvith a minor change
in the driver code. With all needednformationat our dis-
posalwe wereableto write CG thatcansimulateincoming
calls,interceptall outgoingactionsandconnecthe two or
more,in the caseof conferencecall, portsthatwe wantto
test. Codeis written in SpecificatiorandDescriptionLan-
guage(SDL) [6, 7,8, 9].

Call Generator software module

CG consistof two main parts:the managemenpart (CG-
man)andthe call generatiorpart (CGcg). Our choserar
chitecturehadto provide:

e controlof CG throughTCP/IPnetwork,

testscenarian thedatabase,

SQL databaseontrolover TCP/IPnetwork,

e minor changesn existing softwarecode,

alow microprocessoload.

If we wantedto useTCP/IPfunctionalityanddatabaseon-
nectvity, we hadto put managemerpartof CG (CGman)
on CVx-S, sinceCDx-S doesnot have accesdo the hard
disk. CGmanis one SDL process. It canreadtestsce-
nario from the databasepackageand sendall the needed
information to the CGcg, receve call statusinformation
from every testtelephoneprocess(TT) and manageCG.
CGcgpartis locatedon CDx-S side andincludesa man-
agemenprocesgT Tman)andary numbetrof testtelephone
processe$TT). TTmanrecevessignalsfrom CGmanand
switch nodedriver. It checksthe receved paclet header

findsthedestinationT T andforwardsrecevedinformation.
Groupingof call signallingfor TTsis alsoits job. TTsare
individual and independenentities, just like regular tele-
phoneghatareconnectedo the switchnode.TT cansim-
ulate all analogtelephonesignalsthat would normally be
generatedby thedriver. TTmanforwardsall TT's signalsto
the CAS (CVx-S part)every 4 ms(T in Fig. 4). Grouping
of signalsminimizesthe systemload. It is usuallydonein
CAS (CDx-Spart). We wantedto keepmodificationof the
existing softwareto the minimum. Hencewe decidedthat
CGwill dogroupingof signalsfor thevirtual telephonesit
doesit in thesameway asCAS (CDx-Spart). CAS(CVx-S
part) that recevesgroupedsignalsdoesnot noticethe dif-
ferencebetweerthetwo. Fig. 4 shavs a signalpathin the
caseof call generatiorwith the CG. If you compareFig. 3
and 4, you will noticethe describedlifferences.CG test
scenarids locatedin the databaseCG usesthreedatabase
tables.Thefirst tableis usedfor the CG managemerihfor-
mation,theseconcholdsdatathatdefinesT Tsandthethird
includesactionsfor every TT. Most of databaseaecords
will be explainedthroughthe practicalexamplebasedon
two virtual telephonesTT-A will be calling TT-B. Let us
assumehat telephonenumberof TT-B is 2354. CG user
first hasto prepareSQLS entriesthat describethe general
behaiour of CG. Thisinformationis storedin thefirst ta-
ble. Theusercansetstartandstopdate/timefor the given
testscenario. If the userchoosedo repeatthe samesce-
narioary numberof times,he/shecansettherestartperiod.
For eachrestartof scenariove canwrite traffic datato the
harddisk. At this pointwe canalsoresettraffic data. That
way we canrepeatthe sameactionsary humberof times
and comparethe storedresultsduring the analysisphase.
For greatefflexibility of testscenariove decidedio useour
own time unit (act i on_pause _uni t). Thatwaywe can
changetimings of scenariovery quickly. The remaining
two recordskeep information aboutthe numberof starts
of CG and the date/timeof the last start. We needthis

3For communicatiorover TCP/IPweusei rt sql thatis partof the SI2000systemsoftware.
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Figure4: SimplifiedMSC diagramof telephonecall from port A to port B whenusingCall Generatar

information for the easierproblemlocation if something
goeswrongandswitch nodehasto bereset.If we wantto

control CG in realtime, we canuse TCP/IP network, too.

Switchnodes systensoftwaresupport€CommonGatavay

Interface (CGI). Through CGI we can control the start-
ing/stoppingof CG, resettraffic dataandrefreshCG data
from thedatabase.

Configuring Call Generator @

What would you like to do?

. Start scenario
. Stop scenario at the end of transition
Stop scenario right now

. Delete traffic data
. Kill all TTs
. Befresh Call Generators data from data base

SN N =

Current configuration:

Current time and date: 11:40 at 31.1.2000
Start time = 0:0 at 1.1.1900

End time = 0:0 at 1.1.1900

Scenario is not restarting.

We are not reseting traffic data.

We are not writing data to disk.
Action_Pause_Unit is 1 ms.

Figure5: WWW browserinterfaceto CG control.

The next stepis setupof virtual telephones. Each
TT is identified by its (bus, channel) number pair.
Cal | _dur at i on is usedfor arbitrary interruptsof call
in progress(i.e. betweenthe group of signalsthat rep-
resentsdialled zero). To simulaterandombehaiour of
TTs, we introducedadditional variables. The first pair
(cal | duration_h, call duration.l) represents
theupperandlowerlimit for thedurationof call. To beable
to definecallswith randombehaiour in moredetailwe in-
troducedanothertwo pairs. Thefirst representshe upper
andlower limit for therandomgeneratiorof pausebetween
dialling (short _pause_h, short _pause.l). The

secondneis usedfor thegeneratiorof randontimelength
for “conversation” (I ong_pause_h, | ong pausel).
For every TT we keep track of all outgoing and in-
coming calls (numout calls, numsucc._di al s,
numi n_cal | s, numacc_cal | s). EachTT canactas
thesourceof acall — it candial otherTTs— or answern
incomingcall. In thelastdatabaséablea usercandescribe
behaiour of eachTT for the outgoing (out _acti on,
out _pause) andincoming (i n.acti on, in_pause)
calls. Eachsetof actionsis identifiedby t t _i d. For the
normaloperationof TTswe need21 actions(Tablel).

Tablel: Actionsfor TT control.

No. | Code| Action
1-10| 0-9 | numberdfrom1to 10
11 11 | *
12 12 | #
13 33 | RR
14 20 | off-hook
15 30 | on-hook
16 40 | GNDon
17 50 | GNDoff
18 66 | endof selection
19 99 | endofscenario
20 80 | noopemtion(NOP)
21 100 | waitforring

We will focusonthetablethatdescribed T's actions.Ta-
ble 2 shavs the needecdentriesin actionstableto placea
callfromTT-A (tt i d=1)to TT-B (tt i d=2).

As you probablynoticed TT-A won't acceptincoming
calls, sinceits first i n_act i on is 99 (end of scenarig.
Its missionis to call TT-B, “talks” with it for 1500 units



Results for current Call Generator scenario

Traffic data for TT_Id 1

Number of outgoing calls: 2765
Number of incomming calls: 0

Number of succesfull dialings: 2766
Number of accepted calls: 0

Telephone is in conversation.

Traffic data for TT_Id 2

Number of outgoing calls: 0
Number of incomming calls: 2765
Number of succesfull dialings: 0
Number of accepted calls: 2765

Telephone is in conversation.

Figure6: Traffic resultsof individual TTsin the WWW browserwindow.

(act i on_pause_uni t %) andrepeatthe procedureafter
200 units of pause.Action end of selectionhelpsus with
thecall statustracing. The othertesttelephongTT-B) will

be only acceptingncomingcalls. Its first actiontells it to
accepteveryincomingcall aftertwo rings.

Table2: Scenaridor call from TT-A to TT-B.

ttid | No. | in_action | in_pause| outaction | outpause
1 1 99 NULL 20 300
1 2 NULL NULL 2 100
1 3 NULL NULL 3 100
1 4 NULL NULL 5 100
1 5 NULL NULL 4 100
1 6 NULL NULL 66 1500
1 7 NULL NULL 30 100
1 8 NULL NULL 99 100
2 1 100 2 99 NULL
2 2 20 500 NULL NULL
2 3 30 100 NULL NULL
2 4 99 300 NULL NULL

In this commandwe madean exceptionandi n_pause
doesnot representime units. Thereis alsoanothersimi-
lar exception.If auserchoosego userandomlygenerated
calls, he/shecanuseresened numbersto tell thatto CG.
NumberO will generatea pausein the limits definedby
short pause pair andnumberl will chooserandomly
generatechumberin the limits of | ong_pause pair. We
will notbeusingrandomlygenerateshumbersn our exam-
ple. After TT-B “picks up” the phone,it waitsor “talk” to
the TT-A for 500time units. It is ableto receve new calls
400unitsaftercall termination.This is the simplestexam-
ple available.With this desigrtheuseris notlimited by CG
in any way. He/shecandescribeary realsituation.With the
mid-calltermination(cal | _dur at i on) he/shecansimu-
late other unexpectedproblemsandtestthe switch nodes
response.

Whenthe switchnodeis resetor databas¢ablesarere-
freshed,CGmanreadsthe informationfrom the database,
packagest in smallpacletsandtransmitsit to the TTman
with a simple handshak protocol. TTman evaluatesre-
ceived dataand createsdescribedTTs. In our exampleit
would createtwo TTs(TT-A andTT-B). EachTT storests
own actionsand becomesan independenfunctional unit.
Every TT statuschangeis reportedto CGman. It stores

4Usercandefineact i on_pause_uni t in 1 msincrements.

all statisticalinformationaboutevery TT’s action. A user
canview the resultson-line with his/herfavourite WWW

browser(Fig. 6) or checkrecordsin the databaseOn-line
userinterfacealsokeepsrackof cumulatve statisticFig.

7), sousercanquickly noticeunexpectedoehaiour.

Every TT’s actionis forwardedto TTman. It storesall
actionsfor theperiodof 4 ms. Thisis alsothesmallestime
unit for ary actionto be performedin the real time envi-
ronment.TTmanpacksall recevedactionsin a predefined
pacletwhichis in 4 mstime intervalssentto CAS (CVA-S
part). At this pointwe wouldlik e to emphasis¢hatnoneof
the portsthatarenot part of the testscenaricare effected.
Driver and TTmanperformtheir packagingndependently
andin parallel. All otherports canbe usedwhile CG is
working. Even the testedports canbe used,sinceswitch
nodeis not aware of CGsexistence. If you connecttele-
phonedo the sameportsasin thetestscenariqTT-A, TT-
B), thetelephoneconnectedo the sameportasTT-B will
be actuallyringing. Whenthe scenariodefinesthat TT-A
andTT-B arein “conversation”,userscanpick up thereal
telephonesindtalk to eachother— thereforethe connec-
tion is notvirtual, it is trueconnectiorandall switchnodes
softwareandhardwareis involvedin the sameway aswith
externaltestingdevices. The only hardwarepartof SN that
cannot betesteds the telephone-SNtonnectiorsincethe
callsaregeneratedhsidethe SN. Anotherpitfall compared
to externaltestingdevicesis line statuschecking. Exter
nal testingdevicescancheckif the correctportshave been
connected.Usually they usea setof fixed frequencieso
do that. The modularorganisationof SI2000V5 provides
uswith meango do line checkingtoo, but sincethis would
requireadditionalchange®f the existing software,we de-
cided to implementthis functionality at a later time if it
proofsto benecessary

When Control&Access modules seize the required
channelsand sendring signalto TT-B throughCAS pro-
cessesnddriver, all signalsarecopiedto TTman.lt filters
therecevedsignalsandchecksf they aredestinedor ary
of the TTs. If the signalis found to belongto one of the
TTs, TTmanforwardsit to the TT in question. All other
signalsaredischaged. Thisis how CG works. Most of the
codeis written in SDL. WhenfeatureCGl, databasec-
cessgetc.) werenot possibleto realizein SDL, we wrote C
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Results for current Call Generator scenario

Current configuration

Current time and date: 12:42 at 5.8.1999
Start time = 5:5 at 3.8.1999

End time = 16:0 at 16.9.1999

Scenario is not restarting.

We are not reseting traffic data.

We are not writing data to disk.
Action_Pause_Unit is 10 ms.

Traffic data

Number of outgoing calls: 2767

Number of incomming calls: 2766

Number of succesfull dialings: 2767

Number of accepted calls: 2766

Number of restarts of scenario: 1

Last start of scenario = 16:29 at 4.8.1999

@

I would like to observe following TTs:

I

Refresh

Figure7: CG setupinformationandcumulatve traffic results.

programsandincludedthemasADT (AbstractDataType)
[10] operators.

Conclusion

Basicallytherearetwo accessiono the CG use. Thefirst
oneenableghe userto programthe CG to startits testing
sometime in the future. CG canbe setto startthe execu-
tion of scenarioary date/timein the future. It canwork,
for example,from 10 pmto 5 amwhenmostof the people
arenotworking. A usercanchecktestresultswhenhe/she
comesto work. This kind of testsis preferredwhenuser
hasto repeatthe samescenariomary timesto verify the
correctnesandconsisteng of its code. But thereis alsoa
needfor a quick testto be performed.This is usuallyvery
practicaland usefulin the earlieststagesof the software
developmentcycle. Quick changesn the databasendon-
line restartof CG througha favourite WWW browsercov-
ersthis kind of tests. The first commentdrom CG users
arevery positive. They saidthatit is very practicalandeas-
ier to learncomparedo externaltestingequipment.They
don't have to setupcomplicatedconfigurationswith a lot
of externalcablesto connectthe unit, sinceCG is part of
SN. A developerdoesnot have to leave its office, because
all workstationsandtest SN are connectedwvith Ethernet.
Thatsaveshim/hera lot of time andincorveniences.Be-
fore CG implementatiorhe/shehadto go on the otherside
of the building, log to thelocal terminal,setupthe SN and
externaltestequipmentandperformtestsin noisyernviron-
ment(SNscanbereally noisybecaus®f thelarge number
of fans). We canassumehat this approachwill therefore
stimulatedevelopergo testtheir developingproductsmore
often. Hopefully testingin earlieststageswill becomethe
usualpractice.If theresultof CG usewill beabetterprod-
uctandshorterdevelopmentime, ourgoalwill beachieved
entirely
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