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Chapter 1 Introduction 

1.1.5 Voice over ATM Adaptation Layer type 1 (AALl) 

Voice has traditionally been transportcd ovcr A TM as uncompressed 64 Kbps Circuit 

Emulation Scrvlcc (CES). utilising AAU 1
• AALI provides a Constant Bit Rate 

(eBR) scrvice for isochronouS"' traffic, thus making it ideally suited for circuit 

emulation. Circuit Emulation provides a transparent transport mechanism for leased­

lines TDM VOIce traffic over an ArM network, as lllustrated in Figure 1-2. An 

advantagc of this tcclmique is that no changc is required to thc cxisting TDM or PBX 

net;vork. 

I ""C~'H' '" ; ["""'- "'''''''''"''' . ".......,. I •.•. ""XI 
, 

Figllre /-2 Circuit Elliula/ion FraJl";~HJrk 

Two cireuit emulation techniques are available: 

• Unstructured Circuit Emula{ion 

Th1s teclmique estabhshes a full TI./E! (1.544 Mbps.' 2.048 Mbps) or D/E3 

(44,736 'vIbps 34.368 Mbps) emulated cireuit betwecn two points in the 

network. This kind of cOlUlection would typically carry end-to-end transparent 

circuits bet;veen TDrvl VOlce switches or digital Public Branch Exchanges 

• Strucmred Circuit Emulation 

This tedUllQue enables emulated circuits to be established at the level of N x 

64 Kbps, It is thereforc not necessary to dedicate a full TIlE! link across the 

ATM network. 

I A, ddincd by tile ,\ TM Forum in .jCvto o-OO78,OOO 
'lklay,en,ili;"" 
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Chapter 2 Background Theory and Literature Review of AAL2 

SSCS suh-Iayer as heing nulL Subsequent recommendations regarding the SSCS suh­

layer and its functionality will be discussed in Section 2.3. 

Primmes 
~I 

t • 

• 
--'c, ~ t 

Carmoo Port SIJ~r-< _~ ~ i , , 

Figure 2-1 AAL2 Layer Slruclllre 

2.2.1 AAL2 CPS Packet Format 

The "' .. AL2 layer p"rfonns a (wo step operation in order to package inlonlmtion lllto 

ATM cells. For this reason, it uses two packet fornmts, namely the CPS packet and 

the CPS Protocol Data Unit (CPS-POL;). A~ indicated in Figure 2-2, eaeh CPS packet 

con~ists of a three byte header and a variable length payload. 

CPS Pack<Ot 
• • 
~. 

. .. 
CPS Pac<e l Heod ~r 

(3 byt~.) 

C "' ·C~ __ i.,,, •• ., 
lI·,.".., ,,_ 

U,", • """ " U>c< "'u lioo "ce· ,_"e", ChoN 

Figure 2-2 CPS Puckel Formar 

The fundion of each field in the CPS packet header i~ a~ follows, starting with the 

lelimost field 

23 
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Chapter 2 Background Theory and Literature Review of AAL2 

1------
Vok;e Channel 1 rr ~ 

~~-------~~---
Vm:e Chann" 2 ~ 

----~~--------~-----
Vm:e Channe' 3 I§&. 

------~~~------~---
Vo,"" Chan., '; 4 ", ~ 

__ ~~ __ ~-L~~ ______ _ 

A.A.U Cell s 

CPS POiCk" 

crs rLJ(j 

• • 

Figure ]-3 AAL2 Cel! A,,5emb/y Proce!>'_, 

2.2.3 Components of the AAL2 Starl Field (STF) 

The tllllction of each fi eld in the one byte CPS-PDU header or start field. as illustrated 

in Figure 2-4. is: 

P - P",', 

S"'-N Fidj (1 by«' 

Figure 1-4 AAL2 ,Ii/art Field 

• Offset Field (OSF) 

The purpo>e of the 6-bit offset field is to inUic,lte the remaining length, In 

hyles, ofa CPS packet that pos.sihly started in the preceding AAL2 eell and lS 

contimling 111 the cU1Tellt AAL2 cell The OSF thllS pOInts to the stan of the 

new CPS packets and therehy provides a mechanism ofblllllldary re,-overy III 

the event of loss of packet delineation resulting from the pnxeding AAL2 cell 

being lost. 

26 
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Chapter 2 BaekgroulXl Theory and Literature Review of AAL2 

AAL2 cnd-point are then re~ssembled into new AAL2 cells and transmitted to their 

dcsired dcstination. 

AAL2 EM -Poim .. - AAL2 Sv.itch 
-~ - "'TM SWitch , ~, 

I 
"" Lt;j ~-

I 

~, ! "'TM Switch ~ , 

r 
"" "" "" 

.", ,,,,~ "",",,~ -,-
~~ 

Figure 2-5 AAL2 SWirch lind A TAI Switch Archiwc/ure 

2.5 Practical Applications for AAL2 

Although AAL2 ha, only heen in existcncc for a fcw short years, it is widely being 

adopted as the technology of choice in Voice and Telephony over ATM (VTOA) 

applic~tions, such as Voice over DSL (VoDSL) [16], ATM tnmking [21], and 

Universal Mobile Telecommunication System (UMTS) wireless networks [221-

Head Offloe 

Sm~11 Offic:e I 
Hom. Off;"" 

PSTN 

Figure 2-6 AAL2 Application Scenarios 

UMTS 
Network 
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Chapter 3 Litemtllre Review ofthe AAL2 Signalling Protocol 

""-2 s;, 
U . . ..... 

AAL2 Switch 

• Erti y 

AAL2 End_point 

I :~:;- I 
.,,' "," ~ -:,;, 

""""""",, 51..,.."" T",",,,,,rt 
10" . UTe" ..... _5Ml, UNI-sAAl, SSCOI', 

Figure 3-1 AAL2 Signalling I'rorocol Reference Model 

The diagram above, adapted from ITU-T recommendation Q.2630.1, illustrates the 

AALl signalling protocol architedLlre, It contains three AALl nodes conSIsting of 

two }\ALl end-points and one A_ .... L2 SWI(c.h, An AAL2 end-pomt provides sen'ices 

such as cOIDlection establishment and release and the AALl switch provides the 

switching and rOllting support. Above the AAL2 signalling entity, in each AAL2 end­

poim, an ...... ALl served user is located. This would typically be the user applicatIOn 

reqlLiring AAT,2 signallmg support, or as 1S the case m a VMTS network, the radio 

resource management and handover control entity [25]. 

The Signalling TranspOl"l Converler (STC), also referred to as the Generic Signalling 

Transporter (GST), situated below thc }\ALl signalling entity provides independence 

between the AAL2 signallmg protocol and the underlying signalling transport layer. 

This is accomplished by providing a generic set of primitives thaI the AALl 

signalling prolocol utihses when exchanging AAL2 signalling messages with a peer 

signalling entity, Therefore, the STC hides all the differences between the signalling 

protocol and the signalling trdJlsport mechanism. The type of STC used will depend 

34 
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Chapter 3 Literature Review of the AAL2 Signalling Prolocol 

on lhe underlying signalling transport mechanism being utilised, Currently, two STC 

standards exist. rhe nu-T's Q.2150,1 is used if the transpol1 mechanism is 

broadband MTP3b, whereas Q,2150.2 is used if the transport mechanism is User 

-"etwork Interface (l."NT) - Slgnalhng AAL (SAAL), Sen'lCes provided by the STC 

include the assured (enor free) transfer of data and in sequence delivery of data [26]. 

The AAL2 Signalling Entity is comprised of hvo distin(:! componenls, namely (he 

\lodal Funelion and the Protocol Entity, as illustrated in Figure 3-1 on Ihe pre,ious 

page_ 

--,"'_.,_." . 
O"JO.>g e_, 
"",,",," ,. 

Protocol Entity 

Fif(ure 3-21nlernaf Siruciure a/rhe Pmtocol Enlily 

The Protocol enlily defines (he imeraction be("een (wo peer adJacenl AAL2 nodes 

and IS Illuslr.llOO .mo,e in Figure 3-2_ The oUlgoing protocol procedme contains the 

mechamsms to initiale an AAL2 connectIOn, ""Iule the incoming protocol procedure is 

applied ""hen a request for a new AAL2 eomlection is received, Either of these 

procedures can release an AAL2 conneclion. The maintenance protocol procedure 

provides the mechanism to align the AAL2 resources status ""ilhin lhe 1""0 adjacent 

...... .I,L2 nodes, as well as the procedures to block or unblock an AAL2 path. The nodal 

l'unelion pro, ides a hridge het""een (he incoming and OUlgoing protocol entities, 11 is 

also responsible for the routing functionality and keeps a record or Ihe AAL2 path 

resources. 

The mapping of these components into the AAL2 signalling framework design 

implemenled in lhis study ""ill be discussed in Chapter 4, Appendix A provides an 

oven-iC\\" of the interface between the AAL2 signalling enlity and its neighbouring 

layers, The Layer Management entity, not indicated in Figure 3-1, is also illustrated in 

Appendix A. This entity ""as excluded from the A. ..... L2 signalling protocol reference 

model Illustralion in Figure 3-1 lo simplify the diagram. rhis was done because the 

featmes supported by the layer management entity fall outside (he scope oflhis study. 
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Hybrid ATM I 
AA L2 Netw"" 

Figure 3-3 ATM PVC. withill all AAL2 Network 

AA LL End-

In the diagram above all the switches locuted inside the network are AAL2 sWllches 

and all connections I).;,tw<,cn them are point-to-point ATM coon<'ctions, These 

connections could be either PYCs or SYCs as discussed in SectIOn 3.3. However. 

PYCs are illustrated above, Only once these ArM connections are provisioned can 

point-to-point AAL2 channels be: estabhshed onto thesc A TM YCs. Therefore. 

multiple AAL2 connections are requIred to eSlabhsh a functional end-lo--end AAL2 

connection betwet:n the twu AAL2 end-points as illustrated in Figure 3-1 

The sections that follow investigate and discuss the procedures required to eSlllblish 

an end-to-end AAL2 connection. Firstly, it con~idenl and discusses the procedures 

Involved in eswblishing an ATM VC via ATM signalling. It will then examine the 

AAL2 sIgnalling procedures required to establlsh an AAL2 channel within the pre­

established ATM YC. This i. dune to highlight cenain similarities und distinct 

differences between the two signalling protocols. 

3.4.1 Procedures Required for ATM Channel Establishment 

An ATM vinual cunnectiun is establiShed hy means of ATM signalling. The HU-T 

and ATM Forum have specified and standardised many ATM signalhng protocols. 

The ITU-T"s recommendation Q.293J und Q,297J define the procedures required to 

establish point-to-point and pOInt-to-multipoint ATM connccl1ons respectively. A 

point-to-multipoint connection is commonly referred to as multicasting. However, the 
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Chapter 3 Literature RevIew of\he AAL2 Signalling Protocol 

AAL2 signalling to small domam~_ In order for a completcly independent overlay 

AAL2 nehvork to oper<lte OVer an existing A T~I network, an AAL2 routing protocol 

is cssential. The routing protocol'~ primary function would be to updatc the 

addressing i routing tahles III the AA1.2 node~ in accordance with the network 

topology of the AALlnehvork. 

As an ex'lJnple. eonslder Figure 3-6 w; <In overlay AAL2 network oper<lting over an 

exi~ting ATM network, All the switches illu~tr<lted III the figl.lre are A_I\1.2 switches 

and interconnected wilh ATM VC~ as di_'i.Cus~ed in Section 3.4. All AAL2 routing 

protocol wOl.lld ellilble the AAL2 end-rolllt on the lefi-h<llxj SIde of the figure to send 

voice traffic to the AAT_2 end-point ~ituated on the nght-hand side of the figure based 

on the optim<ll route through lhe AA1.2 nehvork, Once determined, the rol.lting table~ 

of each AAL2 sWltch along the traffic route would be configured accordingly_Thi~ 

would result in all AAL2 I.l~er data trav er~ing lhe AAL2 network along this 

predelined route_ 

AAL2 Ng\work 

AAL2 End· AAL2 End· 

Figure 3"6 Example ulan AAL2 Routing Protocol 

In Figure 3-6 the optimal route might appear to be the direct link between AA1.2 

~witches A and C, bl.lt the direct lInk might he unable to support the requested AAL2 

link characteristics. As a result, the AAL2 routing protocol would then calculate a 

suitable route through the AAL2 network by me<lns of eV<lluating each possihle route 

through the network. Each route would be considered based on the <lvailable 

bandwldth of each lInk and the end-to-end lime del<lY constraint of the reql.lested 
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Chapter 4 Design of the AAl2 Signalling Framework 

transportoo in a COmmOn ATM VC Thi, tcchniql.lc wOl.lld r<xjl.lirc cach ATM and 

AAL2 switch to interrogate each tmversing A TM signalling ccll to determine whether 

it contains AA.L2 01' AAL5 signalling information. Thh method wOl.lld be time 

consumlllg, However, utilising AA.L2 in CAS would rcsult in both AAL2 user d'lta 

and AAL2 signalling mcssagcs bcing tj1ll1,portcd in a common AAL2 channel. This 

tcchniquc, in tum, would rcql.lirc each AAL2 swikh to lnterrogate each AAL2 cell to 

dctcrminc whethcr uscr data or signalling information was contained \\flthin e.lch cell. 

Consequently, neither AAL option results in an efficient solution wncn ch.mnel 

'Issociated sigmilling is utilised. 

A simpler techlllque, resulting in faster processing at thc switching nodc>, is to 

separate the signalling infonmtion from the user data. This is achievcU by conmlOn 

chatmel signalling where, for AA.LS, a scparatc ATM VC is utilised or, for AAl2, a 

sep'lElte AAL2 channel is utilised. 

I Mt~ S~tWL;~-' Ml2S~~ING 

tQ.2liJ(,l.') (Q,:/&JOJ) 
. . "" ,'C '" 

, 
(Q"'50.21 (Q2'~21 

UNI· SSC F UNI- SSCF 
(Q,,301 (02'30) 

SSCOf' SSCQP 
(Q.2'101 (0.21'01 

-----...., 
,! "'= 

SSSAA I SSTEO NI LS CPCS 
(1:1661) !, 11.36HI 

M" I AALS SAR 
113&12) (r3SJ~1 

,m ,1 
I '" '1 

(1.36' I I (1.3611 

" PHYSICAL PHYSICAL 

i': (1. 432) 11.~ 321 , .... ~ , , I 

AAL2 Signalling AAL2 Signalling 
overAAL2 overAAL5 

Figllre 4"1 AALl Signalling Transported over AA1.J or AALS 
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Chapter 4 Dcsign of the AAL2 Signalling framcwork 

Served User I " ",,,,,.,. 
(SU) Entity 

Poth A 

'"" 
~ .. ..J SlJ '0-",2,,,-,) ... ,,. 

Legend 

--- ---- -
.: 
~ .. 

SlJ " A2S Quouo 

.... ok. ,_". -_ ..... "" 
moo,,,,,,, ",...... t 

AAL2 
Signalling 

I ", Stack (A2S) .. ,,,., 
Enti! y 

Figure 4-2lmerfacing wilh the .4ALl Signalling Slack 

When a SU p.-ocess needs to send information to an A2S proceo.s, the information can 

be transported either via path A, which b a mtliisage based intcrface, or via path B, 

which is a functional interface. Utilising path A results in the information from the SU 

process Orst being encapiiulatcd in a message. This rn::ssage is then en-queued by the 

SU procesii in a queue separating the two entities from one another. The A2S entity 

would then de-queue the received message, extract the relevant informalion and send 

it to the appropriate A2S procesii. In contrast, utilising path B results in the SU 

process simply sending the information to the relevant A2S procCSii directly. 

Although the functional interface may appear to be u simpler approach, the message 

based interface was chosen for the AAL2 signalling proto<;ol framework dcsign. This 

is because the meiisage-based mterface would enhunce the modular design of the 

signalling [rJ.mework and allow the framework to be designed as a stand alone entity. 

Although only one queue is indicated in Figure 4-2, four queues were utilised in the 

design. Two queues were utilised for interfacing between the S-U and the A2S and the 

other two queues were utilised bctwe~n th~ A2S and the STC. Two queu~s per 

interface were required since each queue only operated in a unidiredional manner. 
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Chapter 4 DesIgn ofUle AAL2 SlI.;nal!ing Framework 

4.5 High-Level AAL2 Signalling Framework Design 

fhis Section Illustra\es and discusses a high-level design of the AA1,2 signalling 

protocol framework along with its various components. The framework will be 

Implemented at each AAL2 node contained within an AAL2 network. The 

metoodology of the desIgn is structllred around a modltlar framework design This 

ensures that any future changes due 10 technological or protocol related llpdates can 

be confined to small sections oflhe overall design. 

The Protocol En\ity, which delines the interaction belween peer adjacent AAL2 

nodes, is dlustrated in Figure 4-3. 1\ IS divided into several modllies in order \0 

implement the desired functionalilV. as discussed in Section 3.3. These modules 

include: 

AAL2 Served User (SU) 

Inl. rface Furdionl . 

RTMGR 

: I Me •• ago baN d lnl. rIaoo 
,L 

Inl..-faoe FUrd,';;;-£] 

Signalling Transport Converter (STC) 

Figure 4-3 ML2 Signalling Software Archirerture 

l 
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Chapter 4 Design of the AAL2 Signalling Framework 

,- - R()ijting T,ble 
"~'1O --J..: r~~I\-'~ ~ Sl Dol>t>o .. 
af ..,.,00 . , 

A:.I:EiI. 

~;'1 . ·;.fil 1r1D1 

~ [if! 1 

, 
IflO 1 

I I ] IfIO..::J I. IflON LFID " 
~ -, 

Figure 4-4 Diagram ofllie AAL2 Ro"ting Table 

Interfaces are mmntained at node level where each node contains mlli\iplc interfa~es, 

.Each interface in tlUll contains multiple AAL2 paths and each path contain, multiple 

AAL2 channels, A diagram illustrating the above mcntioned hicrar~hy i, depicted In 

Figure 4-5, 

Figure 4-51n1erface, Fa/h <1nd Channel Hierarchy 

.Each AALl end-point contains onc mterfa~e for everv nei~hbouring nodc connccted 

to i1. Each interfa~e, in turn, contains inforlllation relating to the paths contained in it. 

Finally, each path contains miorTnation relating to the path capacity and channel 

allocation, which is lIsed for granting connection rcque,ts, 

Whenever an c,labhsh connection request is received for a particular A2l:iA, a query 

is perfonned to determine whdhcr thc requested address is reachablc through this 

,pcclli~ nodc. The steps followed are: 
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Chapter 5 Architecture of the AAL2 Signalling Framework 

""' , , 

jc~- i ·I ~ 
/~,/, /::::>'0 

",~n' VG 

,-;:;-, "".",' 
t::::-~ , 

Figure ,~-1 Logical Test-Bed llllpiemelltarion 

Each AAL2 concentrator and its asSOCiated AALl users ar~ locat~d at diff~rent 

physical locations. An AAL2 signalling protocol entity is also located in ~ach " ... .lI.L2 

conccntrator as well as in cach AAL2 switch. 

Sl.lppose AAL2 I.IScrs A, Band C need to transfer AAL2 tramc to AAL2 users \l,'. X 

and Z respectively. Sinc~ AAL2 users A, Band Care connccted to the same 

concentrator, only one ATM VC or AALl path is required behveen its concentrator 

and the ATM netv.'ork. But three individual AT\1 ves arc re'll.lired between the 

hybrid n~lWork and the " ... A.Ll concentrators connect~d to AAL2 users W, X and Z. 

Firstly, AIM signalling 1S utihsed by the ATM network operator to provide th~ 

relevant ATM YCs with the required QoS and bandwidth charactcristics_ Once 

completed, the AAL2 network operator is then able 10 provide the necessary AALl 

connections. Each initiating AAL2 user then stipulates its bandwidth requirements at 

each AAL2 concentrator and AALl switch in the path. vIa AALl signalling. If tllC 

A1Y1 VCs are able to suppon these bandwidth requirements, then AALl signalling 

would establish lhese AAL2 connections inside the A Thl yes so as to comlecl the 

corresponding AAL2 users together. Thus, one incoming .11.1\1 YC, from AAL2 users 

A. Band C, would contam thr~e ml.lltiplexed AALl challllds. The .'\.'\L2 traffic 

contained in that A 1M VC wOl.lld then be separated by means of an AALl switch, 

68 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 5 Architecture of the AA!.2 Signalling Framework 

located in the hybrid network, to direct the correct AAL2 traffic to its corresponding 

destination. 

l'he seclions lhal fol low provide more detailed information regarding the 

implementation of the above mentioned Si:L'nario on a practical evaluation platform. 

5.2 Practical AAL2 Switching and Signalling E\'aluatioll Platform 

Designing and implementing a control-plane AAL2 signalling framework forms the 

socond phase of a larger three phase project aimed at designing a fully functional 

AAL2 switching node. This switching node wo"ld form part of a hybrid ATM I 

AAL2 networic An experimental gigabit ATM research switch developed by 

Washington University in St. Louis, called the Washington University Gigabit Switch 

(WUGS), is being used to implement this AAL2 switching node design. The first 

phase of the project was concerned with designing and implementing the user-plane 

AAL2 switching component [12l [33]. The third and final phase of this project, which 

is the management-plane functionality, is necessary to support the AAL2 signalling 

framework. This final phase will be discussed in Chapter 8. The signalling framework 

therefore had to be integrated with the existing switching component. However, the 

integration process was hampered by certain challenges and limitations, since the 

AAL2 switching component had to be enhanced to support the full functionality of 

AAL2 signalling framework. These challenges and limitations will be discussed 

throughout this Chapter. 

A simplified subset of the logical scenario illustnded and explained in Section 5.1 is 

indicated in Figure 5-2. The figure consists of three distinct components> namely two 

AAL2 end-points and an AAL2 switching node. 
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Chapter 5 Architecture of the AAL2 Signalling Framework 

, L AAL2 SwilCOi"ll ~ 
-Point - Er<f-Point 

t "'v'< M 12 P'~ 

,~ 

~ "' .... M e> P. ". 

Fi;;.:ure 5-2 Simplified Test-Bed Implementatioll . . 

Each AAL2 end-point consi~w of a few u,;cr in~tanees, an AAL2 signalling entity and 

an AAL2 concentrator module. The AALl cor><:entrator module multiplex~~ th~ 

AAL2 us~r traffic unto a single ATM ve Once the AAL2 trunie is transported to the 

AAL2 ~wltch, the ~witeh performs the AAU switching functionality and forwards the 

AAL2 tranic to the second AAL2 end-point using multiple AALl paths. Multiple 

AAL2 path~ arc necessary, because although all the destination A_A.Ll user instances 

are ~ontained in the same de,;tination AAU end-point, they arc logically considered 

to be located at different physical locations. The second A_A.L2 end-point will thus 

provide the illusion of being a number of separated A_A.L2 end-points with its OWn 

AAL2 users. The provisioning for these AAl2 channels will be performed by means 

of AAL2 signalling. 

As mentioned previously, the first phase in developing a fully functional AAL2 

switching node involved desig,ning the underlying switching Jilnctionality r~quired to 

switch individual AAL2 CPS packets, as discussed in Section 2.4. Therefore, although 

simplitied end-points were developed in [12J, its primary focus was in d~v~loping and 

implementing an AAU ,;witching node with the reqUlred module! . The end-points 

were merely necessary to send and receive AAU user data to and from the switching 

node respectively, in a unidirectional manner. The primary focus was on bandwidth 

effici~ncy and data integrity. Subsequ~ntty, various V01C~ codecs, with varying packet 

lengths, were utilised to build AALl cells that were transmitted from on~ end-point, 

a~ting a'; a ch~nt, to a second end-point, acting as a ~erver, via the AAL2 switching 

node. The switching node, in tum, would disassemble each received AAL2 ~ellll1to 

its individual CPS packets. All CPS packets destined for a common AAL2 end-point 

were then reassembled into new AAL2 cells and transmitted to their desired 

destmations. At th~ d~stination end-pomt, the data were evaluated for data integrity to 
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ensure that both end-points und switching node were functioning correctly. Also, 

various timer options ut th~ client AAL2 end-point. conccmcd with when to trJnSmll 

AAL2 celis, were evaluated. This was dollC in order to ensure the reqL1ired QoS of the 

supponed user applications and to determine an ideal timer range for b~ndwidth 

efficiency 

TIte AAL2 end-point developmentthcrcfore had to be modified extensively to support 

the requirements of the AA12 signalling framework. As an example, bidircctional 

AAL2 connections are required since reql.lCsting signalling messages are 

complimented by meuns of replying signal ling messages that need to be transmIlled 

on the same AAL2 connection. 

5.3 AAL2 End-Point System Architecture 

ThIS section will focus on the modified architecture of the AAL2 end-point. 

Specifically. it will highlight the functionality of the various components required in 

un AAL2 end-point in order to support the AAL2 signulling framework. As discussed 

in Chapter 4. AAL2 signalling messages were to be transponed over AAL2 as 

common channel signalling, in the same ATM VC ~s the AAL2 user traffic. This 

simplified the implementation by not having to be concerned with the complexity 

involved in utilising two separ~te AALs, n~mely AAL2 ~nd AAL5. 

As illu~tr~ted in Figure 5-3, the architecture of an AAL2 end-point consists of three 

disUlICt components, namely various AAL2 Users, ~n AAL2 Signalling Entity ~nd an 

AAL2 Transport Entity_ The signalling entity is responsibk for estab1i~hing. 

maintaining and releasing AAL2 channels as requested by the various AA12 users. 

The trunsportation of the required AAL2 signalling mes~ages to r~mote nodes is the 

responsibility of the AAL2 transport enti ty. 

The AAL2 end-point architecture presented in Figure 5-3 is merely a simplified 

version of the complete AAL2 signalling '>tack ~s discussed throughout this study and 

mdut.Jcd in Figure 5-3. 
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AAL2 SionaHino St.ok 

Me, """"'''-''''' • _. 1'·2100.': .. -
' -010."'''.2; 

________ -------.J 

Figure 5-3 Sysrem ArrhiwClUre of Gil AAL2 Elld"Poin' 

In contrast to the complete AAI.2 signalling stack, which con,;ists of a total of ~ix 

layers, excluding the ATM and physical layers, the AAL2 end-point only con,;i,;t~ of 

the four primary layers as illustrated in the diagram. The~e layers are (he served user 

layer, the AAL2 signalling layer, the Segmentation and Reas,;embly (SAR) layer and 

the AAJ.2 transportation layer. The layers omitted from the end-point design are 

responsible for providing >crvi~e,; ,;uch as error recovery, flow control and connc<;tion 

controL HOVlC\.'er, ,;in~e the end-point design was evaluated in a controlled 

environment these layers were not e~sential to the end-point system arehitectlLre and 

were hence ominoo from the design Both the ~erved user and the , .. AL2 signalling 

entities are based on ITU-T recommendation Q.2630.1. However, the AA 1.2 tran,;port 

entity is a combination of ITU-T recommendations U63.2 and 1.366.1. This is 

re'l"ired sin<:e recommendation 1.363.2 only provides a means by \\hich ,mall, 45 or 

64 byte, AAL2 CPS packets can be tran,;ported acn)s~ an AAL2 chamlelw. The 

mduslOn of L366.1 in the AAL2 transpon entity provides a method of transporling 

larger data packetS]I. This IS ncce~sary ~inc e the size of the ."'---"'-L2 signalling 

messages, to \lc transported to n.'mOte AAI.2 nodes, are larger than what was catered 

for in recommendation 1.363.2. 

"St. Section 2.2 for further .k,,,il, 
' I St. Section 2.3 for further .k,.il,. 
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Chapler 5 Ar~hile~ture of the AAL2 Signalling Framework 

The AAL2 signalling entily is a dired impl~mentation orth~ signalling frame'l\wk, as 

pres~ntod and disCl.tssod in Chapl~r 4, wilh all liS componenls mduded, The design 

and implem~ntation of the AAL2 transport ~ntity falls outside Ihe scope of this shIdy, 

as it was presented and disCllssed exl~nsively in [12l- However, various modifications 

to (j", transport ~ntity w~r~ re'lutr~d to support AAL2 sIgnalling, TIws..-: modifications 

ar~ disCllssed in tl'" rollowing S~ction 

5.3.1 Nloditications to the Transport Entity to Support AALl 
Signalling 

The pnmary modification perfomled on the AAL2 transport entity, as discussed 

~arlier, was to provlde Slipport for AAL2 signalling by means of bid ire diona I AAL2 

connections, This is r~qUlred since slgnallmg messages ne~d to Ix: transport~dto and 

from peer end'poinls on a common AAL2 cOlm~ction_ 

A further enhancement r~quired by th~ AAL2 transport entity was the ability to 

transport the larger AAL2 signalling m~ssag~s, whidl ex~e ed~ the maximWll 

allowable CPS packet size of 64 bytes_ A slibsel or lTl.:·T recommendation 1.366,1 

therefore had to be impkmented and integrated into the transport entity in order to 

caler for these larger signalling messages_ How~v~r, once completed, it was round thaI 

AAL2 signalling messag~s did not arrive at their desired end·poim destination as 

expccwd, Instead, th~ signalling message infonl1ation was incompl~t~ and therefore 

wrrup\. Upon inve.,tigation it was found that the finite staw ma~hine utilised by the 

AAL2 transpOit entity did not opcrat~ as eX!l"cted_ The lllltial purpose of the transport 

~ntity was m~r~ly to transmit many small fixed sized AAL2 CPS packets insid~ 

AAL2 cells, However, transmitting the final CPS packet of a large segm~nted file 

resulted In corrupt data. Since only large files were transmllted across the 

unidir""tional connedions in [i2] in order to evaluate issu~s relating to bandwidth 

efficiency, the final CPS packet was always discarded, Therelore, in ord~r to 

su~'Cessrt.tlly transmit and receIve an AAL2 signalling message belw~en peer nodes 

without any data corruption a st.tbs~t or L366.l had to be implemented_ This 

modification to the finite state machine enabled it to handle the final CPS packet of an 

AAL2 signa111ng message correctly. 
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Chapter 5 i\rchitochlre of the AAL2 Signalling Framework 

Also. when puckuging CPS packds into AAL2 cells a timer module was utilisoo to 

d~\~mllne wh~n thes~ AAL2 cdls sMuld be (runsmitted, TIllS was required ~ince 

although AAL2 cdls sholild b<: fillt'<l with as much dutu us possible for reasons of 

handwidth etTiciency, care needs \0 hi: taken s;.o us n(l( \0 ~xc~t'<l the end-to-end delay 

associated with AAL2 voke tramc_ Th",,"dor~ a (im~r module would signal to the 

transmitler module when to \runsmi( AAL2 c~lls, ~v~n if these cells arc not 

completely fillt'<l with CPS packets containing user data, However, signalling 

mfOlmation n~ t'<ls to be transmitted from source to destination end-points as sp<:~dily 

us possible in order \0 minimise ~ignalling delays. Subsequently, the timer modllk m 

th~ transport ~n(i(y wus adap\t'<l so us only to be active for AAL2 connections 

transporting CPS llSGr packds and inac\iv~ I(lr AAL2 channels t.ransporting signalling 

infonnation, 

5.4 AAL2 Connection Estahlishment Procedure 

TIllS section will dis.cuss the procedures and [unc!ionah(y r~q llir~d to estab I i~h an end­

to-end Ai\L2 connection behveen two peer AAL2 end-poinl8. Firs\ly, (he logical flow 

o[ in[omla\ion betwe~n two pe~r Ai\L2 end-points will be examined_ This will b~ 

l(ll1ow",J by a discussion describing IKlw the various entities of an ~nd-pOln( are 

interconnected in order to achieve thi s functionality_ 

5.4.1 Flow of Information Requirt'd to Establish an AAL2 Channel 

The various steps required in establishing an end-to-~nd, non-switched, AAL2 

connection bdwem two p<:~r AAL2 end-points arc illustratoo in Figur~ 5-4 b~low_ In 

the figure AAL2 us~r 1, loca\ed m the originating AAL2 end-point, initiaks lll<: 

establishment of a new AAL2 connection to AAL2 lL',er 4, locuted in th~ d~stination 

AAL2 end-fl<JinL For ease of description the individual steps r~quirt'<l ar~ numb~red 

and listed as lollows: 

I) AAL2 us",," 1 s~nds un Estublish Reqllest message for an AAL2 cOlln~c(ion 

which is om-<jlwued_ 

2) AAL2 signalling emity d~-queues th~ Es\abhsh Request message for processing. 
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Chapter 5 Architecture oflhe AAL2 Signalling Framework 

Flgu ... ' 5-4 End-Io-End AAL2 Chunne! Eslah!LI'hmenl Process 

3) i\i\L2 signalling entity iorms an ERQ message destined for the destination 

AAL2 end-point anU en-queues the message. 

-I) The AAL2 transport entity de-queues the ERQ message and then segments this 

large message into multiple smaller CPS packets. It then sends these CPS 

packets 10 the destination AAL2 enU-poinL 

5) On reception of these CPS packets, the destination AAL2 transport emity 

reassembles the small CPS packets to form the original ERO message and en­

queues the message, 

6) The i\i\L2 signalhng entity then de-queues the request message and takes 

appropriate action on the basis of the request. 

7) The AAL2 signalling entity responds to the E~abJish Request message by 

sending a eonfinnation message back in the iann of an ECF message, which IS 

en-queued, 

8) An Establish Indicate message destined for AAL2 user 4 is also fonned by the 

AAL2 signalling entity and en-queued. 

9) i\i\L2 user 4 dc-queues the Establish Indicate message and is informed that the 

remote AAL2 user 1 is creating a new COlUlection to it. 
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Chapter 5 Arehitectl.lJ1: of the AAL2 Sjgn~lling Framework 

destination end-point. which receives these requcsts. It is important to note that the 

two diagrams depicting the initiating AAL2 end-point and the destination AAL2 end­

point are symmetrical. Th,s was done to synthesise the fact that each end-point is 

effectively the same end-point system merely functioning in \11,0 different capacities 

and on separate development stations. Allhough the two end-points are in fact peer 

entities they are refen'ed to as being ill] initiating-destinalion model in this example. It 

should ~lso be noted that the following example illustrates the conneclion 

establishment procedure for multiple AAL2 connections. For e~se of explanation, the 

various lhreadmg procedures required to est~blish these end-to--end nOn-SWilChed 

AAL2 connections are numbered. 

Initiating AAl2 End_P o int Destination AAl2 End-Poi nt -------

4 ,r;-'. 
""'''',-,''' 
" 

&~W 

Th ,,,I 

__ •. _._....:aL 

Figure 5-5 Thread Execution Procedure for AALl Channel Esrablishmem 

\Vhenever the system is initialised, the initiating end-point spawns a boot thread and a 

server Ihread. whereas the deslin~lion end-point only spawns a Server thread. The 

boot threud then spawns a nwnbcr of sending user rhreads, depending on the number 

of AAL2 users to be supported by the sj'Elem. Each sending u.\'er threud comprises of 

both signalling and lransport instances as it is able 10 form and tranSIlUl signalling 

messages. FUlther, e~ch server threud, located on either end-poinl, also comprises 

both signalling and transport instances as it is able to receive, form and transmit 

sign~lling messages. After being spawned, each sending user thread generates an 

individual ERQ signalling message to be sent to the destination end-point. Each 

sending user thread is then suspended ~s it uwaits a reply from the destination end­

point 
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Chapter 5 Architecture of the AAL2 Signalling Framework 

I III IIIII 
i 

Figure 5-6 Modular Archiledure a/the AAL2 Switchin!: Node 

From the diagram it can be seen that AAL2 tmffic tmverses the switching n()de in a 

unidiTectiona1 manner [rom left to right. Dlle t() the complexity of the switch design, 

the switch was only devdoped to process traffic in a unidirectional manner. The 

different infoIDlation streams that flow inside the switch are identified in the legend. 

The modular design approach utilised ill developing the switching node is evidelll in 

the diagram as each modlile commllnicate, with its neighbouring modules in a wdl 

dellned manner. Tn additi()n, the whole system was lmplemented as a cooperative pre­

emptive mlilti-threaded ,ystem A detailed de",nption regarding the functionality of 

each module in Figure 5-6, a, well as the multi-threaded design approach followed, 

can be fOlll-.:i m [12] al-.:i [33]. 

As AA12 trame enter, the switch, the lntemlgatioll Unit detllffiline' whether the 

received traffic is A .. A.L2 traffic or normal ATM traffic. AAL2 trame is thllll 

forwarded to the PDU Disassembly Unit where the A .. A.L2 signalling infonnation is 

separated from n()rma! AAL2 user data. AAL2 signalhng messages arc then 
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Chapter 5 Archltecture ol'the AAL2 SIgnalling Framework 

WUGS Switch 

,-------_ ... _--_ .. _--_._-------------, , ' , , 
VXT I 

W~ _ ..... . •• - .... S,',,·t;1 
Small P.,,", 
e m:! (SI'C) 

_ .. SI(li61 

AAL2 End" I 
Point I , 

, 
, 
, 

LEGEND 

Figure 5-7 Implemenling Ihe AAL2 SWik'hing li()(!e on" Single SPC 

In order lor the WUGS switch to pcrl,-mn AAL2 switching baled upon the 

VPL'VCliCID values of individual AAL2 CPS packets, the CPS paeket~ must be 

interceptcd, as th~y enter thc WCGS switch. The AAL2 switching module, 

implemcnted On thc SPC card, pcriorms this I"llllc!ionality, The primary problem is 

that thc AAL2 switching modulc is a unidircctional module, becau8e of its compkxity 

and because it is physically located b~tw~en th~ lnplll port and the main switching 

fabric or the WUGS switch. In thcory, each mput port ofthe WUGS switch should be 

[Xlpulated with a SPC card contallling an AAL2 switching module. rhis would result 

in the WCGS switch hcing a l"ully mtcgrated AAL2 8witch wlth distributed processing 

on a per [Xlrt basis, l:nfo11unatdy, due to hardware limitations this distrihuted 

approach was nCvCr nTIplemen!ed. 

The AAL2 end-[Xlint. on the left-hand side of Figur~ 5-7, would initiatc the 

~stahIis1mlent of a nl:\\' AAL2 conncction by sending an Estahhsh Request (HRQ) 

signallmg mes~age to the second AAL2 end-point, on th~ right-hand side, through (he 

switch, as illustrated with the solid Ime8. The .I':cond AAL2 end-[Xlint would thcn 

respond to the rcqucst hy 8ending an E8tahhsh Confirnl (HCF) message back to thc 
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Ch~p\~r 5 Archi l ectur~ of the AAL~ Slgn~lling Fr~m~w()J1.: 

port 5 with VC == 50, but then as data is attempting to exit the WUGS switch on port 5 

with VC '" 50, the SPC card would simply intercept the data again. Upon investigation 

it was discovered that the APIC driver was designed with this limitation. After 

correspondence with the developers at Washington University (WU) attempts were 

made to correct this shortcommg, bllt at the time of writing developers at WU wcre 

still in the process of modifying the APIC driver. Thus. dlle to time constrains, the full 

AAL2 switching node module was never successfully implemented on the SPC. 

5.7.2 Implementing AAL2 Signalling on a Development Station 

Since the J\AL2 switching node is a software implementation, thc author was able to 

port this software module to a normal PC to aetas a stand-alone AAL2 switch, Figure 

5-8 below illustrates a logical scenario in which two end-points are ablc 10 n)]Hlc~t to 

one another by means of an ATM I AAL2 network. 

1,,;,;.1;" 9 
End-Point 

ATM,'AAL2 

" "~'C" 

Figure 5·8 Logical End-Io-End ML2 Sce"ario 

Dc.tin.lion 
End·P o in. 

This logical sccnario was practically implcmented as illustrated in Figure 5-9, Two 

PCs were utilised to implement the three AAL2 nodes as depicted in the diagram. The 

s"";tching node was implemented on a single PC, whereas both end-points were 

implemented on the second PC, but as two separate processes. One process was 

reqllired for the initiming node. whereas a second process was requlred for the 

destination node. Each VC connccting an AAU end-point to the WUGS switch is 

il lustrated as two separatc unidirectional ves so as to illustrate the reqllired 

unidirectional VPIIVCI channel mappings Ilecded in the WUGS switch. These 
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Chapter 5 Architecture of the AAL2 Signalling Framework 

mappings arc statically provisioned before system start-up by means of a scripting 

language developed by WU called Jammerl ' . 

AAL2 End·Point 

I_~ ~'~ 
.'" -.;c -'0 L .. ----W-"-"-'-- -'-l 

""",,",",,'.O."'.'.O.!OI 

....---<{ •• o .• · .'.0."1 
v . " _>,,['.0."".'.0."1 vc _.0 

'-_-__ '_'_'_"_'_'_"_' ..JC 

"AL2 Switching 
Node 

--'-'-"1 

...... 2 """" ~ 

Figure 5-9 PraClical Elld-w-End AAL2 Scenario 

The interconnection bel1.\'een the WUGS and the AAL2 switching node on the second 

PC IS dlustrated as rOllr unidirectional Yes, representing two bidirectional Yes. since 

the AAL2 switching node is a llnidirectional111oUule, as discussed previOllSly. 

As illustrated in the diagram, each node receives a nniqne nodc address at system 

start-up. Although the two AAL2 end-points are peel" entities, they operate in an 

initiating-destination matmer through the AAL2 switching node. The initiating rnd­

point merely initiates the establishment or new AAL2 connection to the destination 

end-point, after which AAL2 user data can traverse the network in either direction. 

Although the illustrations above only cater for a simple end-to-end scenario with two 

end-points, it could be extended to operate with three AAL2 end-points, as indicated 

in Figure 5-10. 
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Chapter 5 Arehitcclnr~ of tIle AAL2 Signalling Framework 

Inili.ting 
End·Point 

ATM I AAL2 
Ne""",k 

D<>sti""tion 

o.s!in.tion 

Figure 5-10 Logical Jc"nd-f()-End AAL2 Scenario {/[j/i.I'ing Four ,Vodes 

The practical implementation of the above logical sc~nario is illustrated below in 

Figllre 5-11. 

AAL2 End-P<>in! 

1':'::0-
11 __________ l'Yc .~ 

"" ""rn; l' ~I 0.."" __ 

"-, ", . .., 
""" ... - -----11 

• 

AAL2 End-POln! 

w~, 

-
-.-.."", ',bO,' ,a ,!Oi 

"""'''''',','',', a ,bOl 

MdP"",-" " " O,"} 

MdP",:'.o_"" ',O,""i 

_"'-"<5,0,40:(0 .• ;, 

",,", P"":',O,,",,'.O,<O} - , 

AAL2 Switohing 
~odQ 

~ . , 
.,~ 

." 

" . " 
MI., "_, 

• YC • ., 

'" 
~' I ' • 

• "G ' '" 

Figure 5-! i PracliclliJc"nd-fO-Jc"lId ML2 Scenario t./lilising Four Nodes 

In thi8 8c~nario. the " .. AL2 switching node is again implemented (){] a single pc, 

whereas all the AAL2 ~nd-poinl~ are implemented on a singk PC as three separate 
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Chapter 5 Architecture of the AAL2 Signalling hamework 

proc~ss~s. Again, th~ iniliating-de<;linalioo modd l<; ulili8~d m~rely 10 illU8lrate lhal 

the initiating end-poinl wOlild iniliate the cr~alion of a new AAl2 chaunel to either 

destination end-point. The required VCs and channel mappings required in the WUGS 

swilch are alw ll1cllld~d for completen~o;s. 
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Chapter 6 

Evaluation of the AAL2 Signalling 
Framework 

The AAL2 signalling framework was designed [0 be modular in order to euse the 

development process and to isolate it from [he layers above and below. This Chapter 

evalnu!e:; the functionality and efficiency, in [enTIS of signalling delays, of the AAL2 

signalling framework:. Firstly, the frumework is eva]u;!(ed as U slund-alone entity 10 

ensure functional correctness, secondly us being integrated into an AAL2 end-point 

and finally as being integrated into an AAL2 switching node. Even though many 

techmques could h;!Ve been employed to enhance the performance of the signalling 

framework, due to time constraints this study could not address all of these issues. 

6.1 AA L2 Signa lling Framework 

Due to the modular design approach utilised to develop LhO;! AAL2 signalling 

framework, the full functionality of each of the framework's modnles was extensively 

and mdividually tested_ Thereafter, ~s each module was systematically integrated into 

the framework, care was taken to ensure that firstly the modlile functioned correctly 

and secondly. that any problems that may have occurred during the integration 

process were identified. Once ~ll the various modules were successfully mtegrated 

into the AAL2 signalling framework an ab,traction layer. simul<lting the AAL2 

transport entity in a limited capacity, was developed to test the flill fllnclionalily of the 

entire fr.lmework. us shown in Figure 6·1. 
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Chaptcr 6 Evaluation of the AA12 Signalling Framework 

The abstraction layer served two purposes, namely to sink signalling messages and 

secondly, to ~ouree signalling message~. As illustrated in Figure 6-1, an AAL2 uscr 

would fonn a request message and send Il to the AAL2 signalling framcwork via the 

message-based Interface. The signalling framework would then process the requcst 

and gcncratc the corresponding AAL2 signalling message to he sent to the 

neighbouring AAL2 node en-route to the final dcstination node. This signalling 

message would then be sent to the abstraction laycr, via the cgress queue. Once 

received by thc abstraction layer, the signalling message would fir~tly be studied to 

verify thc integrity of the gencrated mcssage. Secondly, each module of the signalling 

framework involved in generating thc message would be studied to determine whether 

they were operating correctly. Also, while the request was being processed by the 

nrious entities, certain key variables were di~played on the PC screen in order to 

velify that each module handled the Specl fic signalling request in the desired manner. 

-," 
~ '= • 

• =J'~ .. =? ao" .... 

I 
, I • 

Figure 6-1 AAL2 Signalling Framework with Abstraction Layer 

Aller all suitable request slgnal~ that could he generated by an AAL2 user were tested 

and vcritied, thc ahstraction laycr would then generate certain signalling messages 

and send them to the AAL2 signalling framework. This was done to simulate the 

process of receiving a remote signalling message as oppose to initiating a message. 

Once agmn the above mentioned verification procedure was perfonned to ensure that 

thc AAL2 signalling framework flUlctioncd correctly whether initiating a signalling 

message or receiving a signalhng message 
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Chapter 6 Evaluation of the AAL2 Signalling Framework 

6.2 AAL2 SiAnalling Integrated into an AAL2 End-Point 

The rr..lmework wa~ systl:'matically integratl:'d with the AAL2 tr..lnsport entity once the 

AAL2 ~ignal1ing framework was fully tested. The transport entity. which had 

previously been developed and discus~ed in [121. was extensively modified in this 

study to form part of the eventual AAL2 end-point design, as discussed in Section 5.3. 

Once the AAL2 end-point architecture was completed and a functional system in 

place, two end-point nodes were implemented on two separate pes and 

interconnected via the WUGS switch as illustrated in Figure 6-2. This formed a 

platform with which the AAL2 signalling framework could be evaluated. Since the 

two end-points are interconnected via the WUGS switch. only a single mapping in the 

WUGS' switching table was required to transmit data transparently through the switch 

in a bidirectional manner between the two end-points . 

IDI 
L:i:. 

AAL2 
End-Poin' 

'. ' 

woos S",;,d, 

'"' 
' '''' " 

AAL2 
End·Polnt 

Figure 6-2 IlIIercormecrion between Two AALl Eml-Points 

Besides switching the AAL2 traffic, the WUGS switch Itself did not process the 

traversmg traffic in any way. Therefore, the switch did not contribute to the signalling 

delays of the results obtained and presented in this Section. It should also be noted 

that the two PCs utilised in the platfomJ evaluation, presl:'n(ed in this Olapter, are 

general purpose mochines executing a number of different processes at any gtven 

momen\. One of these proccsscs was the evaluation conducted, 

6.2.1 Estahlishing and Releasing a Single AAL2 Connl'ction 

SiIl(.'\l general purpose machines were utilised in the evaluation platform. the results 

presented fluctuated slightly with each e~periment. This Iluctuation is cvident in 

Figure 6-3 which illustr..ltes ten separate trial~. Each trial illustrates the signalling 
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Chapter 6 Evaluation of the AAL2 Signalling Frame"ork 

delay or uuration required to fir~tly, establish an end-to-end AALl connection and 

secondly, the signalling delay or dllration to release that connection. l .... ote, however, 

that this end-to-end connection merely consists of a single poilll-to-p<.>im connection. 

since only two AALl end-points were lltilised. Section 5.4 illustrated and deseribeu 

the connection establishment and connection release procedures in detaiL 

I , 
• , 
• 

Imralions 

Figure 6-3 F/uelualioJJ in ')J"slem Processing/or a Singl" AAL2 Conneclion 

In the diagram the ERQ Delay is thc pcriod Irom when the connection reql.lest IS 

f<.>mloo by the initiating end-point, sent to the destination end-point to be proceS5ed 

and an eventual c<.>niinnation 8ignalling message is received back at the initiating end­

p<-llnL The RF.L De/a:>' follows the salllli procedure as described above, except that the 

cOimection i~ n<.>w being released and all relevant data stnlctures assigned to that 

connection arc Irecd, The avcrage AALl signalling delay thllS rcquired to e8tabli8h a 

single AAL2 connecti<.>n, based <.>n the network t<.>p<:'logy of Figure 6-2, is 128,7 illS, 

whereas the averag~ signalling delay rcquired to tcar-down the 8ame connections is 

127,7 ms. 

6.2.2 EstablisiIing and Releasing Four Simultaneous Connections 

Thc AAL2 end-point archiweture is based on a multi-threaded design, enabling it to 

~upp<:'rl ml.lltiple AAL2 ~Isers simultaneo~~ly, as discussed in Section 5.5.3. The 

number <.>f l.Isers at the initiating end-p<:lInt wa~ thus Illcreased from one to four to 
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Chapter 6 Evaluation of tile AAL2 Signalling Framework 

tletenlline how the system wOl.Lld behave with an increase in AAL2 users, which 

tnmslates to an increase in the number of simultaneous reqnests lor new AAL2 

connections. TIle four users were thus spawned at system start-np as lIldividuai 

sending nser threads on the lmtiating end-point. Each sending threat! wou.ld then 

simultaneously n:qu.est an AAL2 connection to a corresponding receiving user thread 

situated on the second AAL2 end-point. 

After each comlection had been established, each sending user thread would then 

transmit a fix ed number of i\_i\L2 CPS packets, contailllng user traffic, to the 

com:sponding receiving user thread via its newly created AAL2 connection, This 

process was simplified by allowing each sending user thread to send the same user 

data_ Also, the file containing the AAL2 u.ser data had already been read into memory 

during the initialisation phase of the AAL2 end-point system. '111erefore, after each 

A_i\L2 cormeclion had been successfully established, the same user data originating 

from a common file were transported across tile various AAL2 connoctions_ However, 

the CID value of each individual CPS packet was modified to re llectthe specific CID 

value assigned to that particular AAL2 connection_ Each roceiving user thread was 

also ass1!S'",d a matching crn valu.e allowing it to only receive CPS packets with the 

com:cl CID valu.e, Therefore, allhOl.Lgh the same AAL2 user data was transmitted to 

each receiving user thread, each receiving user thread only received user data destined 

for it. This technique serve{i to simplify the process of transmitting user data to 

mdividual receiving user threads_ Increasing the amount of AAL2 traffic handled by 

the evaluation platiolTIl provided a means of studying the signalling delays In a loaded 

system, 

The signalling delays requi red to estabhsh and re lease the four simu.ltaneous A..!\L2 

connections are illustrated in Figu.re 6-4. It can be seen that the pell(){i required to 

establish an A_Al2 cOllllection increases as the number of concurrent users grows. 

TIlis lS because the du.ration of each operation in the AAL2 signalling fram ework 

increases slightly as the framework becomes more u.lilised. An example of this is the 

signalling association Identifier (SAID) m(){iule, For each new connection a unique 

originating SAID (OSAIO) \'alue must be generated and assigned. The purpose of this 

was explained in Section 4..53_ As the num l>er of active connections being processed 

by the signalling framework grows, so the time required to asslgn a unique OSAJD 
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Chapter (i Evaluation of the AAL2 SIgnalling Fram~"ork 

vailw to a new conn~ction incr~as~s, This IS because th~ n~" ly g~n~rakd OSAID 

value must first ~ compared to all th~ existing valu~s in the database to check 

whether the ncw value is indeed uniqu~. However, If the nl.lmber has alr~ady been 

assigned to an existing connection, then the whole process would n~~d to he repeat~d. 

1 ,~,v 
o 
o 

1 

Number of AAL2 Users 

' iii ERQ Delay 

i. REL Delay; 

Figure 6-4 Creation "nd Release ofAA.L2 Connections wilh Four A.AL2 User.I' 

Sinc~ this is one of the many operations performed by the signalling framework on a 

newly created AAL2 connection, it is expeckd that both the average coml~ction 

~stabhshment signalling delay and the average conn~clion rdeas~ delay would 

increase as the system b~com~s more load~d. This is confimled in practice since the 

average signalhng delay required to establish an AAL2 conn~ction, "hen four users 

arc simultaneously spawned, is 232.9 I!l.5, whereas the average signalling dclay 

required to tear-down one of the four coml~ctions is 172,2 ms. 

6.2.3 F:stablishinl!: and Releasing Eight Simultaneous Connections 

The maximum number of simultan~ous AAL2 users, and thus connections, that can be 

successfl.llly support~d by the configured system as illustrated in Figure 6-2 is eight. 

Any number abov~ this results III a system synchronisation failure betwe~n th~ two 

AAL2 end-points, This is du~ to a limitation ofth~ AAL2 transport entity, which is an 

integrated componcnt in the overall AAL2 end-point design. The transport entity 

loo 
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Chapter 6 Evaluation of the AALl Signalling Framework 

utilised a finite state machine to send and receive AAL2 user data. At system start-up 

the stale of these finite state machines ofbotb AAL2 end-point systems is at a krn.lWn 

state. However. after a number of l!Ser threads are spawned on each end-point. 

signalling messages are sent and received In an unpredictable and bidirectional 

malmcr. It is therefore impossible to predict the exact behaviour of the multi-threaded 

system as the scheduler decides which thread IS allowed to gain control of the system 

resources for execution. This hmitation was not discovered dUling the evaluation 

stages of the AAL2 transp<.lrt entity [12], since the system was only reqUlred to send 

user data in a predictable lmidirectional manner. Therefore, although the AA!.2 

signalling framework was designed to process an initial maximum of 500 

simuHaneous connections, this could not he achieved . 

• , 

Number of AAL2 Users 

r.. ERQ Delay II 

• REL Delay 

Figure 6-5 Creation and Relea.,e 0IAAL2 Connections with Right AAL2 Users 

Figure 6-5 illustrates signalhng delays reqUIred to establish and relcase eight 

eoncurrem AAL2 connections for eight individllal users. 1\ can be seen that (hIs figure 

follows the same trend as Figure 6-4, in that the period rcquired to estahlish an AAL2 

cOlUlcction increases as the number of users supported by the system increases. The 

average signalling delay therefore required to establish an AAL2 conncction, for eight 

simultaneously users, is 433.5 ms, whereas the average signalling delay required to 

tear-down one of the eight AAL2 connections is 142.1 ms. 
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Chapter 6 Evaluation of the AAL2 Signalling Framc"ork 

It can oc sccn that as thc numocr of concurrent uscrs increas.cs from one, to four, to 

eight, so the average establishment delay per AAL2 connection also increases lmearly 

from 128.7 ms, to 232.9 ms. to 433.5 ms, respectively. It therefore appears as If the 

individual establishment delay per AAL2 connection exhibits a linear growth rate as 

the number of concun'ent users increases. However. due to the relmively low nllmocr 

of users that could simu ltaneo",~ly be supported, this a%umption could not be verified 

in this evaluation. 

In contrast, the average time required to rclease an AAL2 connection remains 

relatively constant at 127.7 ms, 172.2 ms, 142.1 ms for onc, foUl' and cigh\ concumnt 

users respectively. This is because at system sIan-up when a Immher of ,ending mer 

threads is ,pawned, the only AAL2 traffic type present in the initiallng end-point i, 

AAL2 signalling. Each ne" user i~ therefore contending for common system 

reoo",rces, bUl as time progresses so lhe traffic type changes from only signalling 

messages to only AAL2 user data. As each sending user thread complctcs its cyclc of 

sending U8er data. a new signalling message is crcatcd 10 release the AAL2 

connection. Two types of AAL2 traffic then exist in lhe evaluu\ion system, namely 

user data originating from other sending user threads and the release signalling 

Information from lhe current user thread. Therefore, since the AAL2 end-point systcm 

was de~igned lO assign a higher prionty to signalling messages than normal user data, 

the delays required to release an AAL2 connection remained relatively conslant 

irrespective of the number of users supported by the system. 

6.3 AAL2 Signalling Integrated into an AAL2 Switching Node 

After the AAL2 signalling framework was evaluated on a platform consisting of only 

two AAL2 nodes. this platfonn was cxpanded to Incorporate a third node. In 

particular, an AAL2 swilchlng node was placcd bct"cen the two end-points. 

Therefore, each end-to--end AAL2 connection would now need to consi,t of two 

pmnt-to-point channcls. The first point-to-point channel would extend from tile 

,ending u,er threads' end-point to the switching node, 'Whercas the second point-Io­

point channel "ould extend from the switching node to the receiving user threads' 

end-point. Figure 6-6 illustrates the newly configurcd cvalualion platform. 
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Ch<lpter 6 Evaluation of the AA.L2 Sign<llling Framework 

WU GS S"';toh 

""" , ... 
End·Point 

Figure 6-6 interconnection between Thre,; AAL2 ,Vuiff's 

The SPC card located inside the WUGS switch "ould contain a software 

lmplementation ol'the AAL2 switching node enabling it to intercept mcoming AAL2 

trallic in the rorm or AAL2 cells_ All signalling messages wOlild be processed by the 

signalling processing lillit (SPU) and all A. .... L2 user data wOlLld be processed by the 

relevant modliles. Section 5.6 presented and diselLssed the AAL2 switching node 

<lrchitoctlLre. However, dlle to a driver limitation of the APIC chip on the SPC, 

discllssed in Section 5.7.1, this implementation was not possible_ 

Since the AAL2 switching node IS a pOll<1ble software module, it was ho"ever 

possible to implement the switching node design on a stand-alone development 

machine, <IS discllssed in Section 5.7.2. The development st<ltion utilised for this 

pUl]Jose in this study was an 850 MHz Pc. The configllr<ltion reqtrired to connect the 

two AAL2 end·points to the AAL2 switchmg node was presented in Section 5.7.2. 

Based on the new evalu<ltion platfonn consisting of t"o AAL2 end-points <Illd <Ill 

AAL2 switching node, the following results wcre obtained. 

6.3.1 E~tablishing and Releasing Four Simultaneous Connections 

Similar to Section 6.2.2, fonr simultaneous AAL2 sending user tlueads were created 

on the initiating end-point. Each user tlu-ead then requested the establislunent of a new 

AAL2 cOlmection to the remote end·point via the AAL2 switching node. The results 

obt<lined from this evaluation are ililistrated in Figme 6·7_ 
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Chapter 6 Evaluation of the AAL2 Signalling Framework 

Numb .. , of Concurr .. nl AAL2 Users 

: 0 ERa Delay 'I 

i . REL Delay I 

FiKure 6-7 n'stablishing and Releasing FOllr AAL2 CO/mea/ions 

From the ahove ligurc it can he seen that the average signalling delay required to 

establish an end-to-end AAL2 connection, when four users arc simultaneously creatcd 

in a network utilising an AAL2 switching nooc, is 315,0 ms. Thc avcragc signalling 

delay required to tear-down one of toc four connections is 169.7 ms. These results 

were thcn compared to the results ohtained in Section 0.2,2, which supported the same 

number of concurrent AALl connections withoot the utilisation of an AAL2 

switching node, It was discovered that the average signalling delay required to 

cstablish a connection increased from 232.9 ms without the switching node, to 315.6 

ms with the switching node, This lllcrease m signalling delay was expected since toc 

AAL2 switching nodc processed each travct"sing signalling messagc and hence added 

additional processing delay to the ev alllation platfoml. 

Further, i\ was also discovered that although \he average establishment delay 

increased III the above comparison, the average signalhng delay reql1ired to release an 

AAL2 connection remained virtually unchangcd, irrespective of whether or not a 

switching node was utilised. This result was also expected since a local releasc 

confirmation message is returned from the neighbouring switching node to the 

initiating end-point, whereas the cstablish request confirmation messagc is returned 

from the remote end-point to the Initiating end-point. 
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It can therefore be concluded that the AAL2 signalling delay required in establishing 

an end-to-end conncction across an AAL2 nctwork increases ;.J.S the number of point­

to-point connections incrc;.J.ses. Howevcr, the connection relc;.J.se delay will remain 

unchangcd irrespective of the number of point-to-point connections required to 

estabhsh the cnd-to-end AAL2 connection. 

6.3.2 EstatJlhhing ami Releasing Eigbt Simultaneous Connections 

The number of simultaneous AAl2 users, in the form of sending user threads, was 

increased at system start-up from four to eight. The result obtained for eight users are 

illustrated in Figure 6-8. 

800 

E ,,00 "c--­
ij 400~' 

5 

Numb~ r of Con~urr~ nl AAL2 U~r~ 

, 
IJ ERQ Delay ! , 
i. REL Delay 

Figure 6-8 Establishing and Releasing Eighr AAL2 Connectioru 

From the figure it is clear that the mdividual signalling delay required to establish an 

AAL2 channel increases exponentially as the number of concurrent users in the 

initiating end-point increased. This confirms the question poseu 1n Sec lion 6.2.3 

regarding exponential increasc of AA12 signalling delay with an increase in the 

number of uscrs. Further. it is only the cstablish request signalling delay that increases 

exponentially. The signalhng delay associated with learing down each connection 

remains relativcly constant. From the above trial, the average sign;.J.lling delay 
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Chapter 6 Evaluation of the AAL2 Signalling Framework 

associatoo wi\h establisblng tbe eight AAL2 connections is 555.1 ms. The average 

delay required to tear-down the same connections is 146.8 ms. 

6.3.3 Establishing and Releasing Ten Simultaneous Connections 

The maximum number of simultaneous sending USer threads tbat could be supported 

III the evaluation platform utilising two end-points and an AAL2 switching node wa, 

limited to ten. Any number above this limit resulted in a system s}llchronisation 

failure of either one of the AALl end-points or the switcblng node, Thig i> due to a 

limitation or the finite state machine utilised in tbe transport entity of both the end­

points and tbe switching node. This limitation was previously dlscus>ed in Section 

6.2.3. The results obtained from ten concurrent AALl users are indicated III the figure 

below. 

12345678910 

Number of Concurrent AAl2 Users 

Figure 6-9 Establishing alld Releasing Tell AAL2 COllllecliolls 

11 can be , een that the establish request delay duration for each AAL2 user increases 

exponentially as the number of users increased. This eonl,nm the obseryation of the 

previou;; Section that only supported eight simultancous users. The average signalhng 

delay associated with establishing a single AAL2 connection when supporting ten 

concurrent connections is 681. I IDS, whereas the average delay required to tear-down 

the same connection is 1552 ms. 
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I 
/ATM I AAL2\ 

/ No\wor\( 

Figure 8-1 Implemenling" C,,1l Agenl in Ihe AAL2 Nellmrk 

In order to extend the current functionality of the switching node design, sllppon for 

basic narrowband AA.L2 trunking services could also be added. A popular 

commercial application for AAL2 is narrowband carrier trunking as defined in ITU-T 

Recommendation L3&i.2. This ITU-T recommendation delines a means hy which an 

AAL2 trunk collld he llllplementcd to behave like a nomlal PSTN line with all the 

sllpporting functionality it requires. These features include support for: 

• Voice (analogue! ISDN, optionally compressed voice) 

• Voice-band data (modem, fax calls) 

• Circuit mode data (ISDN data) 

• Secondary messaging (Dialled Digits (DTMF), Fax Demodulation, etc.) 

Adding this trunking r'Ulctionality to the existing AA.L2 switching node would 

provide lhe node with the uniqlle eapahility of sWllching nan-owhand voice calls while 

being trunked to their respective destinations. This is a feature not supported by 

currenl commerclal equipment. 

A Ilnal commercial application for AAL2 and, in particular, voice over A TM lS in the 

area of Voice over DSL (VoDSL), also referred to as AIM Loop Emulation Service 

(LES) using AAL2, as deflned by the ATM Forum and illl,slrated in Figure 8-2. The 
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Chapter 8 Recommendations and Future Projects 

idea ofVoDSL, as mtroouced in Scction 2.5.1, is to extend the local eoppcr loop from 

the customer premises through an ATM access network. Extending the AAL2 

switching node to support AAL2 LES would enhance the nooe with the unique 

capability of being able to switch narrowband voice calls originating from VoDSL 

derived phones. This feature is also not currently suppol1ed by commercial ATM 

equipment. 

Small OIftce / 
Home Office 

----.-

Figure 11-2 VoDS!.. Applicarion Scenario 

PSTN 
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Appendix A 

Fix ure A - llma/ace be/ween /he AAL! Signalling Emity and irs Neighbouring 

Layers 

lnfommlion is lransferred between the AAL2 signalling emity and ils neighbouring 

layers by means of primitives and parameters des.criJ:,.,d below. 

A.I.I T nterface between the AAL2 Signalling Entity and the AAL2 
Served User 

I. Service provided by the AAL2 signalling entity: 

• Fstabh,h an AAL2 connection 

• Release an AALl cOllnection 

2. A2SU-SAP primitives arc used by the: 

• Originating served lLser to initiate an AAL2 cOllilection and to iniliate a release 

request from either the originating or lhe de,tination user. 

• AAL2 signalling emity to indicate an incoming connection request 10 the 

destination sen-ed user and to notify the served lLser or a conneclion release. 

3 The primitives. type and parameters: 

• ESTABLISH. request (A2EA, SUGR, SUT, TC!, SSCS, ALe) 

• EST ABLiSILindication (SUGR, SUT, Tel, SSCS) 

• F.STAlILlSH.confinl1 () 
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Appendix B 

AAL2 Signalling Stack 

Architectnre 

Thi~ AppendIX provides a blief over-li ew of the different layers required to \rall8porl 

AAT.2 signalling mes8age~ over either AAL2 01' AALS in a Lscr to Ne\work Interface 

(\j;\[I) network. 

I ---
A.AJ.2 SIGNALLING AALL SIGNALLING 

(Q,=,1) (Q,2630.1) 

---
m '" (Q.21!>O.2) (Q,21502) 

UNI- 66Cf ~ UNI - SSCF i 
IQ~130) (02130) 

SSCOP sscop 
1(2110) (02110) 

" -

SSSAR ! SSTED AAl5 CPCS 
(1.366.1) (1'3035) 

-
~, AAL5 SAR I , 

(136321 (13605) 

"" "" (1.361 ) 11. 361 ) 

PHYSICAL PHYSICAL 
(1.~3") (1432) , • \0;" --

AAL2 Signalling AJl.L2 Signalling 
over AAL2 over AAL5 

Figure B· 1 AAL2 Signalling Tramporled over AAL2 01 .4AL5 
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Appcntlix C 

IMJGS SW1toh 

j "" 

JI=;2J,. __ .. I:: 
! ,o,zTEC " ,., - _._--- - __ E,"C 

--------

Figure C - 1 Physical Iiardware Layoul 

The succcssful completion of this section involves the following steps: 

I. Ohtaining and installing the SPC source files 

2. Tni tialise the supporting systems 

3. Adding supplementary functionality to the kernel 

4. Compiling the new SPC kernel 

S. Downloading this ncw or modified kernel to the SP( 

C.l Obtaining and Installing the SPC Source Files 

Aztec is the official eRG CVS mirror, which is updateJ every now and again. Locate 

the file ·wl/-ar/,far.gz' inside the ilircctory '/i~\'r1h()me/crg-l<ct' on Aztec. Ftp this file 

to your user directory, e.g, '/home/andre' on Inca and lIllcompTes5 the file using the 

command 'Iar -Xl"zJ wu_arl.rar.g~'. The source will now he mside the directory 

'/home/andre/wu-arl' Since th,S director), name is not very descriptive, rename the 

directory to '/homeiandreiSPC 1'. 

Before the ne\~ NetBSD kernel can he compiled, there aTe a fev.' configumtion details 

that nc:ed to be noted. The first ensures that a file can be mounted as a directory under 

'/mnl'. '111is step is alrcady taken care of on Inca, but is required when l\etBSD i5 

lilslalled on a new workstation that will intcrface to a SPC 

Go to the directory 'Ie/c' and run the command 'vi disktab' to edit the file with the vi 

editor. Make sure the '<pc14MR' enlryhelow 15 located in this file, ifnot then add it. 

132 



Univ
ers

ity
 of

  C
ap

e T
ow

n

sjX24MH!.lpc24MHkernSPC Kemel FileSystelli Disk:'. 

-ly - "imuiuled;se#512:IJrit 16: rlll!l300:IJs!l36: ne!l80:', 

:pai!460t!O:ou#O;ha#40Y6.jalf 512: ra=4.2BSD:', 

.-ph#46080:obIfO: " 

.-pc#46080:oe#O: 

Appendix C 

The second configuration option allows a serial connection to be established between 

the SPC and a NetBSD workstation. In this Appendix example the workstation lS 

Inca. In the directory 'Iete' nm the command 'vi remore' ~md verify that the entry 

below is included, 

spcO:ilv=/devilryUO:dc-br#96UO:pa - none 

Once these configuration details have been taken care of, go to the direc tory 

'SPCl/lIlililies' and run the command 'make install', This will create all the utilities 

needed to compile the kemel for the SPC, downkJad data to the SPC and also reset the 

SPC. 

C.2 Initialising the Supporting Systems 

Before working on the SPC howevcr, a few things need \0 be setup first: 

I. Gigabit Netv.'ork Switch Controller (GBNSC) must be running on one of the 

NETBSD machines (Inca or Aztec)_ This program controls the WUGS switch. 

In order to load GB};SC on Inca, go to the directory 'lhomc/crg-ucl!gbnsc' 

and run the command ''/sel1lp fibIJse oIJJlorl_5'. 

2 The APIC card on Inca must al">(l beset up to have ATM VCs COIDlected to \he 

SPC card, On Inca, go \0 the directory 'ihollieicrg-

UC/I:'pC ...:,'cripl" k ollfiguralion' and run the command '.,h 

conjiK·apic.collneClions' _ 
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Appendi;>;: C 

3. Finally Jammer must be started in the V';UGS itself. On Inca go to the 8ame 

directory as in the above step and run the command 'sh doil,sh'. This will stan 

Jammer with the configurations for the SPC card by means of the Jammer 

script 'SPC_ Conlrol,js ' , 

1'0 check whether GBNSC is rumling, run the command 'ps -aux' on Inca and search 

for GBNSe in the process list that follo""s, To check that the APIC card is up and 

running, run the command 'ij(.'onfiK apid!'. 

<:'3 Adding Supplementary Functionality' to the Kernel 

To change or add some fLmctionality to the SFC kernel and download the SPC kernel 

to the spe card, the following 5teps need to be: perfOlmed: 

Suppose we want to add the alias 'la' for the command '/s -la' to the SPC kernel. 

Because the shell of the SPC kernel is csh and not bush like on Inca, all the shell 

configuration commands are placed in diflen:nt files. 

First mount the filesystem file 'SPC24MBfs', To do this use the ' Sll' command to 

become root. Go to the directory 'Imnt' and create a new user directory where to 

mount the file5ystem to, e.g. 'Immlafldre'. Go to the directory 

'1/lOme/anllre/SPCIIsJX_workinK_dirslrool_wllir' and run the command 'VI 

.Il11ounlll', Make 8Llre that the device name to be moLinted lS nght and that it will be 

mounted in the correct user directory. No",' and nm the command './1"oumil'. This 

will mount the file 'SPC24MBfs' as device 'vfldOd'. Run the command 'df to veJify 

that the command ""as executed correctly_ 

\l0\\( go to mounted filesystem, located at 'Imlliialldre' to perfOim any required 

changes_ To add the alias' I" " go to the directory above, hecome root and edit the file 

',cshrc' with the command 'vi .cshrc'. After this change has been perfonned, the 

filesystem needs to be un-mounted. Go back to the directory 

• Ihome/""dre!SPCI /:'pc_ working_ dirslrool _ wdir' 

'.Iunmoumil'. Now exit as root to be a regular user. 

and nm th' command 
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C.4 Compile the New SPC Kernel 

Now the new kernel is ready 10 he compiled. The next steps are as follows: First a 

symbols only version of the kernel is created, a filesyslem is added to the kernel and 

Ihen an image version of the new kernel is downloaded to the SPC card after a BSS 

segment was added, 

To complle ,h, kemel, ge directory 

'/home/anure/SPC//cro_".I-how/NetRSlJlusrlscrin'sl(1rchli386/compildSPC 24MB wil . -

Ii Crossbow' and nm the conmmnd ' . .I'nkl '. 

Use Ihe command 'su' 10 become root. go to the directory 

'1Iwme/andre!SPCI!:'l)('_working_rlirs/rOOI_wdir' ,md nm the command 'pi mk2' and 

makc slirc that the mounted directory alld mounted device are spccilled corredly. 

~ow nm the command 'Jmk2' and eXll as rool 

Go back te preVIOUS directory 

'Ihomc;{mdre/,,)PC I /crossbow/NetBSDlusri'lcri'lysiarchl!386/compi/dSPC_ 24MB wit 

II Crossbow' and run the command' .Imk,3', The kernel i5 now ready to be 

downloaded thl SPC located directory 

'1Iwme/andrdSPC 1 Ispc_working_dirsldownload' and is called' flclbsd.bss', 

Notc that 'mk I' and 'mk.2' only needs to he run trn.'11 the kernel needs to be 

recompiled_ If one simply needs 10 add more fimctionality to the filesystem, then 

simply mount the filesystem add the new feature, When finished, unmolLnl the 

filesystem and only run 'mk,3', 

C.5 Download this New or Modified Kernel to the SPC 

Open a new (emlinai on either Inca or Azkc, depending on WhlCh machine is dircetly 

cOimected to the SPC card (In this case it lS Inca). Logon to lnca, on the second 

temlinal, and run the command '[If) -'1)c()'. 
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Appendix C 

Go back to the first tenninal on Inca and go to the directory 

'home!andrdSPC1/spc_workillg_dir.,idownload' anti run the tommaml',<h re,<elit.sh' 

to reset the SPC. A program will start executing and after the program wrote the line 

'''rolc cell 2' it should hang, Press <Clri-C> and run the command 'sh doil_sh'. The 

line 'Sending enlire kernd._ -,_' should then appear on the screen. 

Aller 2 to 4 minutes, the second tenninal on Inca will start booting, It will start in 

single user mode_ So press <£l'lTER> und type the commund 'exit' to boot in multi­

user mode_ Now logon to the SPC as root by typing the command 'rool' ami Start 

playing around on the new keme1, 
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Appendix D 

AAL2 Evaluation Platform Code 

Overview 

This Appendix provides a hrief "Y""'leW of the C code develop and utilised during 

dlis study. The Appendix is divided 1TI10 Ihme 5~ction.s to lughlight the three different 

code segments utilised this study. Firstly, the AAL2 51gnalhng framework code is 

presented. Secondly, this code is integrated with Ihe modified AAL2 transport entity 

code to develop a multi-threaded AAL2 End-Point. Thirdly, the signalling framework 

is integrated into the modified AAL2 switching node code to complete the second 

phase orlhe overall three phaseAAL2 switching node architecture. 

D.I AAL2 Signalling Framework Code 

Each compornml contributing to the high-level AAL2 signalling Ii-amework deSIgn, as 

presented ill Chapter 4, was oc .. clopcd as a 5"parate module and is: 

"global.h" 

'VIain AAL2 Signalling header file. Contains stmclUrcs lor !h~ AAL2 signalling 

messages thai ar~ 5~nt and received between various nodcs. H also contains the 

stmcturc for the routing tabl~ or ~ach nod~ as well as the stmcture of th~ call control 

databasc. 
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Appendix D 

"init.c" 

AAL2 Signalling Initialisation Ilk Thh; 11k is e,wculed al system start-up to initialise 

the required moduks used hy the ,ignalling framework. 

"reqmgr.c" 

Required ill Manager Module. This module assigns a unique ill to each eonneclion 

helllg processed hy the AAL2 signalling fi:mnework This enahles inter-module 

communication. 

··msghand.c" 

Message Handler file. This is Ihe messages handler module Ihat manipulates the 

recem;'" signalling message once received by the signalling framework. Thereafter 

Ihe dala is sent to the control module. 

"a2s ctr1.c'· 

AAL2 Signalling Control Module. This module is the heart of the AAL2 signalling 

framework and perfoIDls a >eheduJing function between the various modules of the 

,ignalling framework and Ihe message hased inlerface. 

·'ccbdbase.c" 

Call Connection Control Database. This module is effectively a database containing 

infonnation regarding each conneclion heing pl\lCes,ed hy the AAL2 Slgnalling 

!ramework. 

··romgr.c·· 

Routing Manager Module. This module determines whether a particular node is 

reachable leom the currcn! node. It also determines whether the requested bandwidth 

can be supported by the existing ATM channel. 

"rscmgr.c" 

Re,ourc~ Manager Moduk This module calculate, the available resources of a 

specific AAL2 path. This infonnation iocludes the number of activc connections and 

the path bandwidth utilised hy th~se active connections. 
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Appendix D 

"saidmgr.e" 

Signalling Association Identifier (SAID) Manager Module. The module asSIgnS a 

unique lD to each established AAL2 cOIDlection. This enables peer nodes to identify a 

specific AAl2 cOIDlection. 

"cncoder.c" 

Encoder module. This module encodes each AAL2 signalling message before being 

scnt out of the signalling framework to the below STC layer. 

"show_c" 

This Ille is cssentially the Tracer Module that is responsible for identifying and 

outputting any errors that might arise during the operation of the signalling slack. 

0.2 Integrated AAL2 End~Point System 

The complete AAL2 end-pamt system IS an mtegra\ed system compnsing of the 

complete AAL2 signalling framework, the previoLL'lly developed AAL2 transport 

entity modules as well as additional supporting software modules developed dming 

this study. SectiOil 5.3 presented the complete integrated end-point system. Only new 

modules developed for this study will be presented below. 

"user.h" 

This is the Uscr hcadcr filc_ It contains information concerning the state of a user's 

connection as well as the elD channel value that was assigned to the specifIC user 

connectlon_ 

"su eac.e" 

Served User Connection Module. This module reads m the specified values sent from 

an AAI.2 user, located in thc scrved user laycr, to l'acihtate Ln fonnmg a signalling 

message destined for the AAL2 signalling framework. 

139 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Appendix D 

Served User Transmit Message Module. Thl' module supports the prevlous module to 

jimn a signalling request message that i, senllo the AAL2 signalling framewoTk via 

the message based inlerra<;e. 

"a2s nlil.C" 

AAL2 Signalling FlFO Buffers. This module fonns the message based interface 

between the signalling entity and its neighbouring layers. It is implemented as a 

circular FIFO queue. 

"a2s interf 550 conj" - -

A .. !\L2 Interface Configuration file. Thi, fi le contains information regarding the 

currenl network lopology_ It specifies the inlerface IDs, path IDs and availab le link 

bandwidth between this node and J(s neighbouring nodes. The number 550 is lhe local 

node address aSSIgned to the AAL2 swikhing node a~ lllLL~traled in Figure 5-11. 

"a2, .parser,c" 

A .. !\L2 Signalling Parser Jlle. This Ille reads in the above configuralion file and 

populates the routing table entries for a specinc AAI2 node. 

"interfaces,h" 

Interfaces header file. Thi, i, lhe header file conlaining a structure that specines all 

thc nCCGssary information required to link two neighbounng nodes. 

"end .JXlint.c" 

AAL2 End-Point )rode. This is the main funClion of the AAL2 end-point system. It 

perjilrms the initial conl1gumtion of the Md-pomt system, whi~h depends on the 

specific mode of the end-point. 1t can be configured a, initiating node or deslinallOn 

node, It also 'pawns a new user thread for each individual u,er requesting a new 

Ai\L2 cOllllGction. 

''v.'rapper.c'' 

This fil e performs a wmpping runction to tran,jilrm an AAL2 signalling message into 

a compatible [onnat to be used by the AA1.2 transport entity. It also perfonns the 
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reVerSe function when data is sent from the transport layer to the signalling 

framework. 

"i366-1.c" 

This is the Segmentation and Reassembly (SAR) file. It contains a finite state machine 

enabling the AAL2 transport entity to transport large signalling messages as small 

CPS packets. 

"i366-1.h" 

This is the header file of the above .e ulc. It contain, the ,tructures required by the 

SAR state machine 

"l2s.c" 

Larger to Small. This is the specific code required to implement the 1.366.1 

segmentation and reassembly /\mction. 

"aaI2packet. in" 

AAL2 Packet Input. This file contains all the AAL2 user data that will be sent to a 

remote node after the AAL2 required AALl channel was sueces~lillly e~lablished. 

"a2s filc.c" 

AAl2 Signalling File. This file is responsible for reading in the spcciflCd AAL2 user 

data to be sent from the initiating AAL2 end-point to the receiving AAL2 end-point. 

D.3 Integrated AAL2 Switching Node System 

The complete AAL2 switching node system was presented in Section 5.6. The AAL2 

signalling framework was integrated into the SPU module which is thc signalling 

module of the switching node. No new modules were developed to facilitate this 

functionality. Therefore, no code will be presented below. However, various 

signalling modules and switching node modules were modified 10 enable the correct 

functionality of the overall integrated switching system. 
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Appendix E 

Supplementary CD-ROM 

This \c.\\ is accompanieu with a CD-ROM that contains infomlalion relating (0 this 

smdy_ This infonl1<1tion is categOlised as follows: 

• Source Code 

All 8011rce code developed in this study can be found under the "Smm.:e Code" 

directory_ Thl~ directory is divided into two sections, namely the AAL2 end­

point code and tbe AAL2 !;wilching node code. 

• Conference Proceedings 

All SATNAC conference papers wriaen and pre.';ented by both the authOT and 

S\en Shepstone on the design and development of the AAL2 switching node 

project can be found under the "Conference" directory. 

• Research Lite-rature 

Elcctronic copies of some research ii(enlllll"e utiliscd in this study can be fOllTlU 

under the "Research" folder. This liwrattml range8 from certain standards 

developed by international ~tandard, organisations to whitcpapcrs as well a' 

pre,enlalion~ 

• WUGS Information 

All WUGS related infomlation is located under the "WUGS" folder. This 

folder i., .,ub-divided into WCGS spccitic source code and gener-Il WUGS 

specific literature. 




