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Abstract 
Advanced services are differentiating factors and crucial to service providers' sur- 
vival and success. Exam les are credit card calling, call forwarding, and toll-free 
calling. In classical telepcony's early days, their implementation was embedded in 
switching software, and this hindered fast deployment. A more modern architecture 
known as the intelligent network (IN) was born in the 198Os, allowing implementa- 
tion in separate nodes, resulting in faster deployment of new services. Two tracks 
are emerging for Internet telephony: one from the ITU-T and the other from the 
IETF. As far as advanced services are concerned, the ITU-T track offers a rather 
archaic architecture, reminiscent of the early days of classical telephony. O n  the 
other hand, the IETF architecture, although more modern, does have a few pitfalls. 
There is plenty of room for improvement to both. This article scrutinizes the ITU-T 
and IETF advanced services architectures for Internet telephony. Salient features are 
reviewed and weaknesses pinpointed. Although these architectures are constantly 
evolving, alternatives may emerge. In the conclusion of this article we provide a 
very brief discussion of two potential alternatives: IN-based architectures a n d  
mobile-agent-based architectures. 

.- 

nternet telephony, defined ;IS real-time voice or niultimcdia 
coninitmications over packet-switched networks (PSNs). is 
far from a novelty. I t  dates back to tlic carly days o f  the I Internet .  T h e  Advanced Research  Projects Agency's 

(ARPA's) Network Secure Communications project implc- 
mented an infrastructure for local and transnct real-time voice 
communications as early as December 1973. Tlic key goal of 
Network Voice Protocol (NVP), tlie heart of  the implcmcnta- 
tion, was to dcmotistrate tlic feasibility o f  sccurc. high-quality. 
low-bandwidth, real-time two-party phone calls over PSNs [ I ] .  

Two sets of standards are emerging today for Intcrnet tcle- 
phony, the first from the International Tclcconini i tn ic~i t ion 
Union - Telecoin mu nica t ion S ta ti da rd iza t ion Sec t o I- ( ITU -T) 
and the second from the Internet Engineering Task For-cc 
(IETF).  Recommendation H.32.3 121 is the pi-incipal ITU-T 
standard for Internet tclcphony. I t  is ziti ttnihrcIIa standard 
which refcrs to m a n y  other standards. I t  w;is I'ir-st rclcascd in 
1996, then subscqucntly i n  199s and 1999. As i t  is customary 
in thc industry, wc use the tcrm "H.32.3" to rcl'ct- to the set o f  
ITU-T standards for Internet telephony. including Rccom- 
mcndation H.323 itsclf. 

Tlic Session Initiation Protocol (SIP)  [.?I i s  the principal 
IETF proposcd standard for Intcrnct tclcpliony. I t  itllows tlic 
csta bl ish men t, modification, a t i  d t c rni i nii t io 11 o I' ti1 ti It i  mccl i  it 
calls. SIP rclics 011 ;I host of I n t c r n c ~  protocols inclticling the 
Rcal-Timc Protocol (RTP) 141 l o r  data  tran.sport. T h e  sai i ic  
applics to 14.323, as shown by Fif. I. which depicts ;I simpli- 
ficd Intcrnct tclcpliony protocol stnck.  In this article we a l s o  

usc tlic term "SIP" to dcsignatc the set of IETF specifications 
for I n  t c rnc t tcl c p ho ii y. 

W h i I c I ii rgc-sea I C  de ploy mcn t of I ti tc 1-11 et tc I C  pho t i  y sys tc ni s 
offering high-quality voice calls still remains ;I challcngc, clas- 
sical (i.e., circuit-switched) tclcphony offers todiiy, in addition 
to high-quality voice calls, a host of related scrviccs. In  this 
article we call thcsc  hii iced services or sometimes just ser- 
vices to diffcrcntiatc them from the basic services, meaning 
those that a I low cal I cs ta t i  is lime ti t and tcrm ina tio t i .  

Some examples of advanced services are  free phone, split 
charging, crcdit card calling, and toll-free calling. Nowadays in 
classical tclcphony, these scrviccs arc created and managed 
using t h e  intcl l igcnt  n e t w o r k  ( I N )  a r ch i t cc tu rc .  For a n  
ovcrvicw of I N  architecture, we rcfcr the reader to the hook 
by I .  Faynhcrg e/ al. IS]. 

From the cnd users' pcrspcctivc, the only (and o f  course 
key) advantage I ntcrnct tclcphony has  over classical tclcpliony 
today is the pricing sclicmc. IHowcvcr, current pricc motlcls of 
b o t h  cI assica I tc I c plio iiy a 11 d I t i  tc r n c t t c I c pli ony ;I rc rat 11 c r 
awkward. They will cvolvc and there may n o t  bc any signil'i- 
cant diffcrcncc i n  the future. In 01-dei- to survive and thrivc. 
Internet tclcphony will nccd to o l f c r  n o t  oii ly the siimc high 
quality for voice calls, h u t  a l s o  ;I s e t  of advaiiccd scrviccs 
which bcats (o r  at Icast is oii pat- with) what classical tclcpho- 
ny offers. Sound architcctiircs arc nccdcd for t l ic  creation and 
managcnicnt o f  thcsc scrviccs. 

This articlc provides ;I critical ovcrvicw o f  1-1.32.7 a n d  SIP 
adva need sc rvicc ;I rcli i tcct U rcs. f-l.32.3 o ffc I-s ;I tra t hc I' ii  rcli ;I ic 



;idvaiiccd service architecture which follo\vs i i  "service- 
hy-service" approach 1-cniinisccnt of cI;issic;~I tclephony's 
early days. -lhc S I P  scrvicc architcccui-c i'r iiioi-c generic 
a n c l  relics t o  ;I hi-gc cstc i i t  oii iiiorc i i iodcr i i  t cch i i o lo -  
gics. I-lowevcr. i t  h a s  ;I f'cw pitfalls. \Vc arc  indcctl s t i l l  
f a r  f r o m  t l i e  coni nre Iic iisivc ;I rcli i t cc t  ii res iiccdcd 1'0 I- 

creating ; incl m;iii'aging ac~v;inccc~ services i i i  l i i t c r n c t  1 
Iclcphony. 

IP  
~ 

We assiinic the rc;icIcr is f ; i i i i i l i ; i i -  w i t h  tlic basics 0 1 '  
Intcrnct telephony. Tutoi-ials have Iiccn puhlisliccl on the 
topic i n  t h e  rcccnt past [6-91. licadcrs with i i o  prior I RTP: Real-Time Protocol 

TCP: Transport Control Protocol IP: Internet Protocol 
UDP: User Datagram Protocol 

1, 

Requirements specification 
.Service logic design 
*Service logic testing 

testing. I n  the rcst of this article we 
stick to  the tradit ional terminology 
and rcfcr to scrvicc construction ;is 
scrvicc creation. 

~ Deployment 
Dep/oyment and Withdrowoi - Scrvicc l .Planning 
dcploymcnt CiicOmpasscs scrvicc plan- i *installation 
ning, installation, and activation (a t  the ' *Activation 
nctwork Icvcl). In classical tclcphoiiy. 
scrviccs nccd to bc activated at the iict- 
work lcvcl prior to their activation f o r  
spccific cnd iiscrs. Scrvicc withdrawal 
encompasses clcactivation at t ~ i c  iict- 

Utilization 
, *Activation/deactivation for specific users 

~ 

Execution-related signaling 

bccn divcr tcd.  I t  s l i o u l d  lie n o t e d  
that  this  is not i i c cc l cd  wlicii tlic 
c;i 11 c I-.S o p i i i  io ii \vi1 s i i  s I\ c cl be to ire 
the actual diversion \\:is done. 
Se rvicc t lc p l o y  m c ii I. 11 t i I izat i o 11 

(cxcc pt se I'V i cc c xc c LI I i ( I ii ) . ;I ii cl  w i 1 Ii - 
drawal I-cfiiic the ;~ctivitics rclatccl to 
wh ii t is I i-ad i I io 11 ;I I Iy k n o w n  i 11 

tclccommiinic;itioiis a s  sciwicc 1ii ; i i i -  

;igcmcnt. T: i I~ l c  I gives ;I sunimai-y. I t  
lists tlic ty'ical ;ictivitics ciicoiii[i;issccI 
hy c;lch pl1;Isc o f  the cyclc. 
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quite reasonable and believc they are a good starting point for  
exploring Intcrnct tclcphony advanced scrvicc architectures. 

Support for a wide range of services: The architccturc shoultl 
not hc tied to specific serviccs or groups of services. It is of  
paramount importance that it supports both the old and tlic 
ncw. The  old cncompasses the IN-based types o !  services 
offered by today's classical telephony, while the iicw rcfcrs to 
new services. Examples of new scrvices arc hybrid scrviccs. 
They blend telephony with other Internet technologies (c.g.. 
e-mail log of unsuccessful calls, click to dial). The architcc- 
turc should also span all phases of tlic life cycle. 

.Rapid service creation and dcploymcnt: Rapid service cre- 
ation is key t o  success in  the marketplace. It  is :in important 
way to beat the competition. I t  should bc possible to rapidly 
specify, design, test, and install both the IN-hmxI and new 
serviccs meiitioncd above. 
Tailored services: It  should be possible to customize services 
in order  to  satisfy the requircmcnts of diff. Licnt . -  uscrs 01- 

groups of users. It should be possible for both the uscr (or 
group of users) and t h e  service provider t o  d o  this cus -  
tomization. 
Indcpcndcnt evolution of scrvices and nctwoi-k infrastruc- 
ture: Services should not be tied t o  specific nctwork tech- 
II o I ogy . T h i s  m c ans t h c a dv an  c c d s c rv ic e a rch  i t c c t u r c 
should be tied to ncither H.323 nor  SIP. In concrete terms. 
it should be possible to  migrate from a i 1  H.-?23 nctwork 
infrastructure to an SIP one (or vice versa) without having 
to build a ncw advanccd scrvicc infrastructure. 
Support for multiplaycr environmcnts: Thcrc ai-c many par- 
t i cs i n t 11 c tel c phony c nvi roil m e  t i t  : e q ti i pm e ti t sti pp I i c i-s. 
network opcrators, service providers, and end uscrs. Thc  
architecture should bc open and allow the participation of  
all thcsc parties. As an example, hcsidcs equipment suppli- 
CI-s, service providers and cvcntually end uscrs should tic 
ablc to crcate services. 
Service nianagcability: It sliould be easy t o  deploy. xt ivatc .  
dcactivatc. and withdraw services. 

d ~ l c  to iicccss services intlcpciitlciit 
0 1 '  Iociitioii. T h e y  shonlrl a l s o  hc 
ahlc to iicccsx sci-vices using a n y  tcr- 
iiiiiia13 proviclcd Ihc tcrmin;il has Ihc 
cap;hilitics requirecl hy the sciviccs. 

Iiitcrwoi-li with other :iclv;inccd scr- 
vice architccturcs: 'l'liia implics intcr- 
working with n o i  o n l y  othcr Intci-nci 
tclcphony xivniiccd scrvicc iii-chitcc- 
t U res, I> t i t  ;I I s 0  classicn I tc Icphon y 
advancccl scrvicc architectures (e.g., 
I N ) .  While interworking with classi- 
cal tclcphony adviuiccd scrvicc arch-  
tccturcs may be ii must fo r  existing 
scrvicc providers who already own ;I 
c1;issical telephony advanccd scrvicc 
infrastructure, it is not a stringent 
requirement for iiew entrants. 

Advanced Service 
Archifecfure a /a H.323 
Advanccd services in the H.323 world 
arc limited to  supplementary services. 
Supplcnicntaiy seiviccs represent only a 
traction of the services offered today by 
classical tclcphony. The H.323 advanced 

scivicc arc~iitccturc draws quite Iicavily oil- the intcgratcd services 
digital nctwork (ISDN) adv;inccd services architccturc 1121. Hcrc, 
wc succcssivcly introduce the architccturc. illustrate it. and scruti- 
nize i t  in light o f  thc rcqtiircmcnts dcrivcd in the previous section. 

The Architecture 
The architccturc focuses on scrvicc utilization, espccially scr- 
vice-execution-relatcd signaling. Thc chicf conccpt is the sup- 
plementary servicc control (SS-C) entity. These entities reside 
within H.323 entities and cxcliangc mcssagcs for the support 
of supplcmcntary services. Tlic mcssagcs iiicludc service-exe- 
c U t i o n - rc I a t c tl si g 11 :I I i n g ni c ss;i gcs ;in d ni e ssagcs for act i va - 
tion/dcactivation a t  thc uscr Icvcl. 

The gciicric architecture is described in  Recommendation 
H.450.1 [ 131, while archi tccturcs  for  specific services a r c  
described i n  separate  Recommendat ions.  Only six services 
have been covered so far: 

Call transfer [14] 
Call diversion [ 151 
Call hold (161 
Call park and pickup [17] 
Call waiting [lS] 
Messagc waiting indication [ 191 
The principles and rulcs o f  the  gcncric  arcliitccturc a r c  

described in the ncxt paragraphs. Thcy arc  illustrated by tlic 
concrete cxamplc of  call diversion i n  the ncxt subsection. 

SS-C entitics are  dcfincd o i i  ii service basis. I n  othcr words. 
cvcry supplcmentary scrvicc has it own set o f  control entities. 
Thc same applies t o  t h e  messages cxchangcd by the entities. 
Th c m cssa gcs ii I-c c i t hc r cal I -i n d c pc i i  d e i i  t o r  cii I1 - d e pc n d e n t . 
When they arc call-dcpcndcnt, the call signaling channel is 
used for  their transportation. When they arc  not, a call-indc- 
pendent signaling coniicction is estahlishcd betwccn the peer 
SS-C en t i t ics for t rii ns po rt a t ion. 

M c s s age s fo r sc  r v i c c  ii c t i v ii t i o n /d  c a c t i vii t i o n ii t t ti c US c I' 
lcvcl arc examples o f  call-indcpcndcnt mcssagcs. Scrvicc-cxe- 
cution-rclatcd signaling mcssagcs arc call-dcpcndciit. Actions 
to hc t a k e n  upon tlic rcccipt of tlicsc messages arc succinctly 



dcscrilxtl i n  the spccific;itions. 13otIi noi-m;il and cxccptional 
~~rocccl U res ;I rc spcci fictl. 

1 3 .  Tailored services 

1 
1 and network infrastructure 

4. Independent evolution of services 

1.  Support for a wide range of 

2 Rapid service creation and 
deployment 

No 

Yes (to a large extent) 'llicrc arc many flavors o f  c;iII divci-siori. Thi-cc ;ire clcscriliccl 
i i i  li.4SO..3 I 151. I n  t h e  ['itst. c i i l l s  to ;I givcii su l i sc r i l i c r  ; I I -C 

a1w;iys clivcrtccl pi-ovitlccl t he  sei-vicc i b  iictivc; i i i  thc sccoiid, 
tlicy arc clivci-tccl i f  the line is husy; aiid i n  tlic tliii-d. t l icy iirc 
divcrtccl if thcrc is no I-cply after :I givcn time. The first flavor 
is s ii ppl c mcii t;i ry scrvicc c;i I I forwa Id 11 neon d i t ion ;I I (SS- 
C F U ) ,  thc sccond supplcmcntary service call forward busy 
(SS-CFB), and tlic last supplcnicntary service call forward no 
reply (SS-CFNR). 

The call diversion SS-C entities ai-c the activating, dcacti- 
vating, divcrting ( o r  scrvcd), intcrrogating. last divcrting, orig- 
inal diverting ( o r  scrvcd), and rcrouting cndpoints. Somc o f  
thcsc terms a r c  self-explanatory, while otlicrs a re  no t .  The  
divcrting (or scrved) endpoint is tlic endpoint wlicrc divcrsion 
is invoked. Last divcrting and original divcrting endpoints arc 
specific to calls with succcssivc diversions. 

The last divcrting point is the  diverting ( o r  scrvcd) cnd- 
point a t  any specific stagc of  ii call with succcssive divcrsions. 
The original diverting (or scrvcd) endpoint is tlic divcrting (or  
served)  cndpoint  a t  thc  vcry first divcrsion. The rcrout ing 
cntity is t he  cntity that cstablishcs thc call to the cndpoint t o  
which thc call should be rcroutcd. Intcrrogating cndpoints gct 
from se rvcd c nd po i n ts i n  form ;i t i on i iic I U d i ng t h c act iva t i o i i  

status  of the service and,  if activated. the number t o  which 
calls arc diverted. 

Figure 2 depicts ;I concrctc scenario involving i i  gatckccpcr. 
The gatckccpcr  is at1 H.323 cntity. a n d  thc functionality i t  
providcs includes addrcss trmslation. 11 can also act ;IS ii con- 
trol point o n  t h c  nctwork. Tlic following assumptions a r c  
in ad c foi- t lie sccnario : 

Gatckccpcr routcd call signaling is used. 
SSF-CFNR has bcen activatcd for  iiscr 2. 
Tcrminal 2 is the diverting endpoint. 
Tcrminal 3 is the cndpoint t o  which the call is diverted. 
Gatckccpcr 2 is thc rcrouting cntity. 
T c  rm i n al 2 d e  t cc  t s, 11 sing U n spcc i fie d m ccli a n i s m s, t h ii t 

SSF-CFNR should he executed. It sends a n  execution-rclatcd 
signaling message to ask the rcrouting entity (i.e.. gatekeeper 
2) to rcrcroutc the call to tcrminal 3. The gatckccpcr acknowl- 
c d gc  s, us i n g an cxc c 11 ti o i i  - rc I ii t c d si g i i  ;I I i n g m c s s a g c , t h c 11 
relcases thc connection to  terminal 2. Aftcr tha t .  the gatc- 
keeper reroutes the call to terminal 3. 

Terminal 3 asks admission of tlic gatckccpcr before acccpt- 
ing t h e  call. Wlicn admission is granted. i t  sends ;I conncct 
message to the gatckccpcr, and tlic gatckccpcr forwards it to  
terminal I .  

5. Support fort multi-player 
environment 

6 .  Easy Service manageability 

The Evaluation 

No 

No 

Tlic 14.323 advanced scrvicc arcliitccturc focuses on supplc- 
mciitary scrviccs and is rcminisccnt of the early days of tclc- 
phony,  tlic prc- IN days. Its chicf  wcakncss  is t h c  
service-by-scrvicc approach which offers ;I vcry thin gcncric 
spccification and a rathcr thick specific specification fo r  ciicli 
and  cvcry scrvicc. A grand total  of six scrviccs have hccn 
spccificd s o  far. Two more ;ire now hciiig specified: 

. N ii mc idc n t i f icii t ion [ 20 1 
Call complctioii 1211 
Tlic s t~ indard iz~i t ion  process is Icngthv. and tlic range o f  

scrviccs supported at any givcn time can only hc liniitcd. Uti- 
lization is thc only phasc addrcsscd by the architccturc. x t i v i i -  
t io n/dcac t i  va t io 11 a t  t lic use r lcvc I ;I nd e sccii t i o n  - r c I ;it cd 
sign ii I i 11 g hc i ng part o f  1 h c H .45 0. x I< c CO 111 i n  c nd ii t i o 11 se r i cs. 
Although service creat ion is n o t  ;idcli-cssccl. i t  may hc a i -~ t icd  

8. lnterwork with other service 
architectures 

No 

--__1 

I No I 7. Universal access I 

t h a t  tools such ;IS Call Proccssing Language (CPL) [ 22, 23) 
currently being specified by IETF could be uscd. 

Tlic service creation tools undcr specification i n  IETF are 
discussed later in  this articlc in  the context of SIP. I t  is inipor- 
tant t o  note t h a t  a l l  tlic tools cxccpt C P L  arc geared toward 
SIP. Although CPL is generic in naturc, wc think it is fair to 
s ta te  a t  the  prcscnt  s tagc  t h a t  i t s  appl icabi l i ty  to H.323 
remains to bc provcn, despite what is claimed in the specifica- 
tions. To the best o f  o u r  knowledge there is, for instance, no  
m c c 11 ii 11 ism c u r  r c n t I y b c i ng specif ic  d for u p  lo a d  i n g C P L 
scripts to H.323 gatckccpcrs. 

Service logic is dcvclopcd by equipnicn t  suppl iers  a n c l  
imp I ic i t I y c mbcd d c d i n switching so ftw ;i re. N c i t h c r c rc ;I t i o n 
n o r  dcvclopnicnt can he rapid. Many nodes will nccd t o  hc 
upt1:itctl l o r  dcploymcnt. Furtlicrmorc, thcrc is no provision 
for scrvicc customization. 

The archi tecture  is t o  a large extcnt indcpcndent  of the  
nctwork infrastructure. Dedicated messages and proccdurcs 
iirc defined in  thc H.4SO.x series of Recommendations for  thc 
sole control o f  advanccd scrviccs. Players othcr than equip- 
ment suppliers havc vcry littlc roo111 i n  the 14.323 advanced 
scrvicc realm,  scrvicc logic k i n g  implicitly crnhcddcd in 
switch i ng so ftw ii rc, as prcvi o U s I y s t ii tcd . F U r t l i  c r ni  o r c , 11 o 
mcchiinisni has bccn specified to allow othcr players (e.g., scr- 
vice providcrs, cnd uscrs) to create scrviccs. 

Scrvicc nianagcability will dcpcnd on  the cquipmcnt suppli- 
cr. Whilc it may hc casy in homogcncous and univendor envi- 
ronmcnts, it may become ;I nightmarc in hctcrogcncous and 
i i i i i l  tivcndor cnvironmcnts. Universal acccss is not addressed. 
No f r amework  exis ts  today  for  in tc rworking  with other  
advanced scrvicc architectures. Table 2 gives ii summary. I t  
shows ihat of  eight rcquircnicnts, only one is nict. 

Advanced Service Architecture a la Sip 
Adviinccd (voice-rclatcd) scrviccs arc callcd standard tclcpho- 
n y  sctviccs i n  thc SIP world. Tlic arcliitccturc draws qui te  
heavily on cxisting Intcrnct tools. It fcxuscs on service crc- 
ation and  service-cxcciition-rcl~itcd signaling. Scrvicc crcation 
is discussed first. scrvicc-cxccution-rcl~itcd signaling sccond. 
W c  end the section by cvaluating tlic architccturc with thc 
same criteria wc used in o u r  cvaluation o f  H.323 advanccd 
sc i-vicc arch i tcct urc. 

Service Creafion 
Tlircc t o o l s  arc hcing spccificd hy IETF fo r  scrvicc crcation: 
C I' 1- ( ;I I re ;I d y m c n t i o n cd  ) , S I P co  m in o n ga tcway i ii t c r facc 
(CGI) 124). and SIP Scrvlct ;ipplic;ition programming intcrfiicc 
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(AI'I) (251. While tlic priiiiar-y target of the first tool is the ciid 
usci-, the  o t h e r  two arc ;iiiiiccI at the cxpcriciiccd dcvclopcr. 

I n  Illis articlc we focus on CI'L a n d  SII' CGI and cliscuss 
t l icni hi.iclly. I:or iiii in-clcptli tutor ia l  \vc rctcr the I-C;I~CI- to 
tlic p;ipcI hy I .  12<wiilicrg ( 3 1  ( I / .  1261. Tlicrc ai-c significant dit'- 

170 t 11 I ;I irgc I c s p c  i-i c n cc d cI cvc I o p c  Is, A pa pc I. p ire se n t c cI ;I t 
IClN 2000 1271 gives ;I hricl overview of these diflcrciiccs. We 
refer t l ic iiitcrcstcd rciidcr t o  it.  

dling i i i  sei-vel-s. This caii sonicwhat l i e  assimilatcd to service 

d~lccd SIP CGI ; incl CPL. 

fcrl!nccs I lclwccn S I P  CGI ;Ind SIP scl-vlcl AI ' I .  ;lltl~ollgh tllc')' 

I n  SIP. c;IIIcI-s c;1n cxpl-css pl-cl'cl-cnccs ;Ihoul rcqllcsl 11;111- 

creation. We say few words  on tlic topic a l t e r  liavin: ' I . I1 t ro-  

SIP CGI - S11' CGI targets cxpcricncccl ; i i i d  triistcd dcvclop- 

doing, and thci-c a rc  very few restrictions on the rcso~~i-ccs 
availahlc to t he  service logic they design. This logic can iisc ;ill 
information availahlc oii the messages rcccivcd by the scrvcr. 
Ftirtlicrmorc. this saiiic logic c;in cxcrt ;I gi-cirt lcvcl o f  control 
over the hcliavior of  the server. 

S I P  CCI is hiisccl on HTTP CGI 1281. ;I tool customarily 
tisccl i n  tlic Wch l'oi- creating dyn;imic content. We iissuiiic the 
rcadcr is familial- with IiT'TP CGI. The most important differ- 

Unlikc H T T P  CGI. the output  0 1  ;I SIP CGI script is not 
ncccssarily the response to be sent hy tlic sei-vcr. I t  can be ;I 
set o f  instructions to the scrvci-, including instriictions for 
proxying and cvcii generating nicssagcs. 
A SIP CGI script is persistent while a n  I-ITTP CGI script is 
n o t .  This stcnis from the dilfci-ciicc mentioned in t he  prcv-  
011s itcm. The SIP  CGI script docs  n c c d  to process t h e  
responses t o  the rcqucsts i t  h a s  instructed the scrvci- t o  
proxy o r  gcncratc. 
The processing o f  the responses to the messages ii SIP CGI 

script has instructed ii scrvcr to send c;in lead the script to 
send a ncw set of iiistructioiis to the server fo r  proxying o r  
gciicrating another sct of nicssagcs. A SIP  CGl script there- 
fore cxcrts ii g c a t  lcvcl of conti-ol over which messages a r c  
sent hy ;I sei-vcr a n c l  wlicn they are sent. 

A SIP CGI script also cxcrts ;i great level o f  control ovci- 
t he  con ten t  o f  t he  messages i t  instructs ii sei-vci- to prosy o r  
gcncratc. By dcf;i~ilt, tlic scrvcr will follo\v tlic rules i i i  the SIP, 
KFC (31. Howcvcr, the script can instruct the scrvcr t o  iidd. 
delete ,  01- replace specif ic  hcadcrs  in tlic mcssagc. T h i s  
applies cvcii to  rncssagcs that ;ire proxicd. 

CPl - CI'L scripts arc generated by end users and upload- 
cd o i i  scrvcrs. The iisc of  tlic KEGIS'fEK mcssagc has  hccn 
advocated l.or t ranspor t ing  thcsc  scr ipts  1291. Since e n d  
tisci-s arc  uii truslcd par t ics  a n d  d o  not necessarily k n o w  
what they  ;II-C doing, ;I set o f  sti-ingcnt constraints havc l iecii 
put on CI'L i n  tcrms o f  vcrifiahility, completion, and  safety 
o f  cxccutioii. 

CI'L i -cpi-cscnts services as dccision graphs.  Individual 
nodes clcscrihc cithcr actions to I>c pcrformcd o r  choices to 
hc iii;rdc. Nodes may o r  may n o t  have outputs. When they  
do .  SCI-VCI-s  f o l l o w  one 0 1  t h e  o i i t p u t s  ;is ;I resu l t  of [lie 
act  ion pc I- I'orm cd o r  choice 111 adc. Ot lie irw isc. se rvc rs c s  i t 
the script. 

CPL is I u s c d  o n  the Extended Markup Lniiguagc ( S M  I..) 
I301 ;ind I i x  I>ccii clcsigiicd ;IS ;I non-Turing-coi i i~~lctc  Ian- 
giiagc. I t  proviclcs no mcthocl f o r  writing loop a n c l  l'tiiictioiis. 
I t  docs not provide aliility to ;icccss/i-tin cstcri ial  pi-ogranis. I t  
o I'fc 1-5 tou I- broad cl assc s of  pi- i iii it ivcs: switch nodes, I ocat i 011 

nodes. sign;rling actions. and noiisignaling actions. 
Switch i i odcs  arc used fo r  miitching atti-ihutcs of' t h e  C;III 

cl-s. ~l 'hcsc clcvclopcrs arc sUpposcd to k n o w  wI1;ll t hcy  ;ire 

cllccs i3ctwcc11 SIP CGI and w r i '  CGI NC: 

rcqiicst 01- items, indcpciitlcrit ( i f  the call request. :ig;iinst ;I list 
ot'contlitions. l-ocatioii iiodcs sl)ccily l l i c  loc;itioris sul>scqtlcnt 
signaliiig ;ictioiis should conlact. ' l ' l ic i i iost  powcrl'ul sigiialiiig 
x ~ i o i i  is p r o ~ y .  I t  p r o m p t s  the  scrvcr to forw;iI~l t he  call t o  the 
1oc;itioiis pi-cviously spccificd h y  :I 1oc;itioli noclc primitive. 
Noiisi2n:iliiig ;ictions ;illow user iiotificatioiis ;iiid cvcnt logging. 

iieociei /Fidcj.> - Services can Iic crc;itcc~ using IicacIcr ticIcIs. 
'l.lic set o f  services t l i i i t  can  lie created this way is current ly  
limilccl to services wliicli ;il low c;iIIcrs to cxprcss p1-cfcrcnccs 
:thotit how cal ls s h o u l d  I>c liandlccl. Thcsc  hcadc~- fields arc 
extensions to tlic col-c SIP RIC. T w o  have been spccil'iccl so 
t,ii- in ;in Iiitci-net tli-;ift ( 3  I ] :  

l icjcct-Cont;ict 
Acccpt-CoIitiict 
The first licadcr allows the caller to restrict t he  1oc;itions t o  

which his/licr call should he t'orwardcd. Thc second allows the 
ciillcr t o  pi-ioi-itizc tlic location(s) to which tlic call should he 
foi-\vardcd. I n  hoth c;iscs, paramctcrs permit t he  description 
o f  the 1oc;ition n o t  o n l y  i n  tcrms o f  U l i l s  hut a l s o  in tcrms o f  
c h ai-act c r ist ica ( home , woi- k, fixed phone, c tc. ) . 

Although Iicciticst-Disposition is spccificd in the siimc Intcr- 
n e t  d r a f t  ;is Reject -Contact  a n d  Accept-Contact, wc do not 
consider i t  ;I 1ic:idci- f ie ld  l o r  creating services. Tlic use of proxy 
o r  rcdircct servers should hc transparent t o  end Liscrs. I t  is not 
c lea r  a t  the pi-cscnt stage h o w  the possibility f o r  expressing 
pi-clci-cncc l o r  proxy o r  scrvcr a s  allowed by Request-Disposi- 
tion can hc used to build end-user-oriented advanced services. 

Service-Eecution-Related Signaling 
Service-csccutioii-i.cl~itc~l signaling relics on ;I toolkit. The kit 
consists o f  two types o f  tools: SIP rcclt~cst met l ids  and licad- 
er fields. Sei-vice-cxccution-i-clatetl signaling c;in he liaiirllcd in 
SIP tor ;I very wide range of sei-vices. This is clone b y  using 
t he  r-cqucst methods, hcadcr ficlds, 01- ;I combination. 

INVITE 
BYE 
OI-"IlONS 
The l i c x l c r  ficlcls used at-e citlicr intcgi-a1 t o  the core SIP 

RFC 131 01- spccificd as cxtcnsions t o  the core KFC. Contact is 
part o l  tlic core spccific;ition, while the hcadcr ficlds below have 

cd ;IS extensions in the c:dl control services draft [32]: 
Also 

-rile l-e~lLlcst lllctilods 

RCCI U cs t cd- By 
licplaccs 
INVITE al lows adding new part ics  to  a call, while BYE 

allows dropping thcm. OPTIONS dues no t  triggcr any specific 
action in  thc sci-vcr. Howcvcr, tlic scrvcr executes the actions 
spccit'iccl b y  t he  hcadcr f ield. 'flic semantics of the four head- 
e r  I'iclcls trscrl for sei-vice-cxccutiol i-rcl~ltcd signaling is clabo- 
r;itccl on iii tlic next p;ii.:igr;iplis. 

Contact is ;I general Iicadcr t h a t  provides the list of  U R l s  
where the user can I>c reached for  further comiiitinic~itions. I n  
tlic c o n t e x t  of sei-vice-cxccutioii-rcl~itcd signaling, i t  c i i i i  hc 
tisccl l o r  services such ;is cal l  divcrsion. Lct LIS assiimc that A 
sciicls ;in INVITE t o  13. ' l l i c  call diversion application residing 
on U caii dctcct. using tinspccificd mcchanisnis. t h a t  the call 
sI iouIcI  l ie forwarclccl to C. It  thcn generates a response to  the 
a p pl icii I ion rcsicl i ng on A, with t l ie Contact header con tai 11 ing 
tlic UKI w1ici.c <; can hc i-cachccl. A will then sciid an INVITE 
dirsctly t o  C. 

/\Is0 lists t he  other p;ii-ticipants in  21 call. I t  can appcai- in  
hot11 rccltrcsts a n c l  I-csponscs. Let us illustixtc its tisc by call 
tr;iiisfcr. .fhc following assumptions ai-c made: 

A call hiis hccn cstahlishcd Ixtwccn A iiiicl 13. 
i\ clcciclcs 10 transfer the call t o  C. 



1 1. ;:;rgt for a wide range of ~ 1: 1 
A j U S l  IlccdS 1 0  S C l l d  ;I BYE IO 

will1 ; i n  Also field containing the U l i l  
whet-c  C c;in I>c rc;icIicd. U will then 
send ; i n  INVITE I o  C a n d  tcrminalc 

2, Rapid Sewice creation and any rc:iI nclwork. Service logic will 
Ihcn IK s c ; i ~ ~ c I c d  ovci- them. ‘l‘hc sit- 
ti i i  I i o n  w i I I cc r1 ;I i  i i  ly i i i i  p I-ovc w lien 
tlic issue o f  runniii: S I P  CGI  a n d  

deployment 

3 .  Tailored services No 
llic call will1 A. 

1 %  io  C i i i  tlic illustriition a b o v e  is ~ 

I 4. Independent e v o l u t i o n  Of services No 
: and network infrastructure Aii INVll-E sticli ;IS lhc otic scnl I>y 

CI’I.. scripis O I I  scparalc a i id  dcclical- 

will bccomc cxicr .  
ccI i s  s o ~ v c c l ,  M a n a g c ~ l ~ l i ~ i ~ y  

5. Support for a multiplayer 
environment I k n o w n  ;IS  tr iggcrcd INVITE i n  the 

sc i iw t h a t  i t  hiis hccn  clone on ;I 

rcqticsl f r o m  A. The Kcclucstcd-By 
ticader is tlicii uscc~ to intlicatc this. ~t 
will cont;iin, i n  this specific case, ttic 
U R I  whcrc A c m  be reached. 

licplacc is used i n  INVITE only. It 
contains  ;I list of call legs; upon its 
rcccipt, tlic call lcgs listed slioulci t x  

; 
~ 6. Easy service manageability 
’ 

7.  Universal access 

8. interwork with other service i 

L architectures 

tiscd by end users to tailor gcneric scrviccs devclopcd using 
SIP CGI. This will, however, require interactions between SIP 
CGI scripts and CPL scripts, and as far a s  we know tlie topic 
h a s  not  yet bccn addressed. The service architccturc is tightly 
c o LI p 1 c d to t 11 c tic t wo r k infra s t r u c t u r c . Th cy c ;i t i  n o t cvo I vc 
separately. Scrvicc-cxccution-related signaling messages arc 
cithcr plain basic service messages o r  basic service messages 
cnhnnccd with dedicated hcadcr fields. 

Thcrc is plcnty room for players other than cqtiipnicnt sup- 
pliers i n  the SIP advanced service rcalm. Service providers 
and spccializcd software houses can create services using SIP 
CGI .  Although cnd uscrs should be allowed i n  this rcalni 
thanks t o  CPL, we think CPL is still too complex for average 
end users. I t  should bc stated, tliotigli, that this coniplcxity can 
hc hidden t o  end users by iniplcmcnting the usagc scenarios 
dcsc r i lxd  i n  t he  d ra f t  “Call Processing Framework and 
Kcquircincnts” (23). 

I t  will not hc easy to  manage services. Scrvicc scripts arc  
co I l oca  t cd with ci t h c r ne t wo r k se rvc rs o r  e lid- ti se r p lion cs. 
There will tic many scrvcrs arid several end-user phoncs in 

Yes As previously stated, service logic 
rcsiclcs on citlicr network sci-vci-s 01- 

cIlcI-LIscl- phoncs. In t he  la l tcr  case, 

No case, while they may still be ;iI>Ic t o  
;icccss their services when they move 
within the domain, they cannot iicccss 

rately. Thcrc is no tight coupling. 
SIP advanced service architccturc is vcry open and draws 

heavily on Internet tcchnologics. I t  offcrs three main tools for  
service crcation: SIP CGI and SIP Scrvlct API for trusted par- 
ties, atid CPL f o r  end users. Furthcrmore, header fields ciin 
be used to create services, although the set o f  services that 
can hc created this way is rathcr limited for the time bcing. 
SIP CGI opens the door to the crcation of new services that 
ciin blcnd telcphony with the Web and c-mail. The architec- 
turc ;iIso offcrs ii vet-y flexible framework for service-execu- 
tion-related signaling. 

Service creation and dcploymcnt arc rapid, and thcrc  is 
support for multiplayer cnvironmcnts. The architccture docs 
lack maturity, however; all the specifications are  still a t  the 
draf t  stagc. Thcrc is support f o r  ncitlicr scrvicc tailoring nor 
universal acccss. Network infrastructure and service architcc- 
t ti re cannot cvolvc sc pa ra  tc ly . Fti r t he irmorc, sc rviccs call not 
hc managecl casily, and thcrc is n o  standard framework f o r  
intcrworking with otlicr advanced scrvicc architectures. 

Ditfcrcnt schemes can hc used to  associate weights t o  thc 



-- - 

d i f f e ren t  c r i te r ia  on which we liave liascd the cva1ti;itions 
macle i n  {his  ar l i c lc .  I 'urllici-more. o t h e r  cri tcr i ; i  coii lr l l i e  
uscd, altliotigli we consider oui- ci-itci-i;i quite consistent ;ind 
rc;isonalilc. Aiiyliow, at  (lie pi.chcnt st;igc \vc I x l i cvc  tliat SIP 
advanced scrvicc ;ircliitccIurc \vi11 ccrtainly r a n k  higher th;in 
i t s  1-1.323 cotintcrp;ii-t t'or nioht criteria ;iiicI weighting sclicnics. 
Iiowcvcr, tlici-c is plciity t o o n 1  101- impi-ovciiiciit in Iiotli. 

1'1-cdicting tlic Irrtiir'c is ;I pci-ilouh csci-cisc. One, can. I iow- 
cvci- safely forcc;rst t h a t  hotli t he  old and the new wi l l  play ;I 
I-ole i n  the rcxlni o f  14.323 ancl S I P  aclvanccd services arcliitcc- 
ttircs. licscarchcrs wil l  lie hatrntcd Iiy the past and solicited hy 
the ftitiirc. A(  Ic;ia~ two ghost5 w i l l  cmci-gc f r o m  the p i s t :  IN 
and TINA-C.  0 1 1  the novelty side. mobile agents and p t - o -  
granimahlc switches iirc likely to get on stage. 

IN has ;I large i i ist ; i l lcd Ix isc .  Business pi-agiiiatisni m a y  
ni ;I kc I N - h i i s  cd adva iicc d se rvicc ;I ire Ii i t cct ti res f'oi- I 11 tc r n et 
tclcpliony ;I real i ty. Tlic fcasihi l i ty of t l icsc architcciui-cs i s  
be ing studied i n  the contest  o f  the 3rd Generation I'artncr- 
ship Project (3Gl'P) ( 3 3 ) .  An Iiitcrnct clraft was also recently 
piiblishcd 1341. For the tiii ic Iicing. cmpliasis is piit on reusing 
tlic IN infrastructtirc i n  i t s  p r e s e n t  form.  This leads to t-1.323 
ga tc kccpc rs and S I P prosy se I-vc I-s i i i  i m ic !ii iig t c Icco ni in i i  n ita- 
tions switches. 

Rcsciirch iii IN-l,ascd aclvaiicccl scrvicc architccturcs wil l ,  
liowcvcr, cvolvc, and evolving IN for  mccting Intel-net tclcpho- 
ny needs wi l l  soon bc on the agenda. IN physicnl arcliitccturc 
relics on ASN.l-based protocols with Signaling System No. 7 
(SS7)  transportation. In the contest of Internet tclcphony, tcxt- 
bascd protocols with Internet Protocol ( IP)  transport may lie 
more appropriate. In IN, sciviccs a1-c triggcrcd solcly hy switch- 
cs residing i n  the network. 1icc;iiisc the phones arc dumb. I n  
the coiitcxt o f  Intcrnet telephony wlicrc I ihoncs ai-c more intcl- 
ligcnt, triggering f i - o m  end tcrmin;ils cotild he contcmplatcd. 

Rcscar cli i n  mohi  I c - age n t -haac d x l v a n  cc d scrvicc arch i tcc - 
tiires for  In te rne t  te lephony i s  t imely ;IS wcII. although f o r  ii 
quite different reason. Thcsc architectures ai-c currently hcing 
investigated f o r  advanced services in  classical telcphony a s  cvi- 
dcnccd by MARINE, a Europc;in Advmiccd Communications 
Tcchnologics and Services (ACTS) project on ;I i i iohi lc agent 
environment for  liroadhancl IN  sciviccs. Interesting articles have 
d s o  hccn puhlislicd on the topic in the rccciit past [ 35. 36). 

I t  docs n i a k c  scnsc t o  investigate wlicthcr mohilc-:igcnt- 
bascd arcliitccturcs cot i ld  h e  o f  any help i n  the contes t  o f  
Internet telephony. They niay h e l p  i n  tackl ing many o f  the 
open issues. Universal ;icccss, f o r  cxamplc, i s  not supported by 
c i thcr  H.323 o r  SIP. Mohi lc  agents conld provide i i i i  elegant 
and network-iiifrastructurc-iridcpcndent solution t o  the issue. 
The sanic goes for scrvicc tailoring. 

What arc tlic prospects for aclvanccd service architcctui-cs i n  
thc Intcrnct tclcphony rc;ilm? Today's ITU-T xic l  IETF arclii- 
tccturcs iirc constantly evolving. Alternatives including IN-based 
and mohilc-ngcnt-Ii~iscd architccturc> may cmcrgc. An iritcrcst- 
ing issiic is  the viahility of t h e w  altcrnativcs. This viiihility wi l l  
certainly dcpcnd to a Iargc cstcnt on the potential for mccting 
thc consistent set of  rccpiirciiicnts derived in  this article. 
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