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Abstract 

There is an emerging trend i11 the tclecoiil~llurlicatioi~s industry for providing customizable 

comniuriicatlons services. Telephony features such as ccrll fortucrrclmg. call t rans fer ,  call u~nrtrng, hold. 

conference. uoice mail a i d  r m g  aga1.7~ have beconw ul~iquitous in the office envirouiiient. Hon-evel. 

these telephony features have greatly increased tlie complexity of the central office (CO) switch and the 

telephone set,. 

One a.pproach to maaaging comp1esit.y in the CO a.nd providing a better user interfxe t,o 

advanced t,eleconlnii~nicat~io~ls services is t,o define a hasic set, of funct,ions wit.llin t . 1 ~  CO and to allow 

est,eriial peer ent,it.ies such as workst'at,ions t,o int,erface to it. through an ope11 architt.ct,iwe. The 

int.egrat,ion of t~elecommunicatioils syst,enls i1it.o conlputer netn.orlrs a.llows designers to shift colllplcsit.!. 

av-ay from the sw i t~h  by distrilmting t,he hurtleu of ca.11 processing t,o a customer prcmisc wxlrst.ation. 

Thesis Supervisor: C'llris Sc l l l~~i t i~ l t  

Title: Principal Rrsearcll Scic- tist st 
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Chapter 1 

Introduction 

This t,llesis is a.11 experinwilt iu ii~t,c.lligent ca.11 iilanagenlellt agent,s. dist,ribut~ecl call procwsii~g. I w r  

int,erfaces and int~ernetworking in a l~eterogeneous conlputilg and t.elecommunica.tioils twviroiimellt,. 

The call processing services are present,ecl tlirough a grapllical user interfa.ce and allow tlle users to 

cust,omize t,heir connnunicat.ioi1 services to an est,eilt t,llat. is not. possible in t.oday's tclecolnnluilicat,ioil 

systems. For esample. liscrs can specify t,o t,lw system stat,enle~~t,s such as t,llose s11o11-11 ill F i g ~ i r ~  1-1. 

"No ral1,s 1)etween 1 2  noon t o  l p m .  except if i t  ':, froln Pete1 ." 
"Transfer ill?- ci~ll, t o  w11ere1-er I ,\ill except if I 'm in  t he  cafeteria." 

..Tramfer iny call5 to voice mail i l ~ i m e d i a t ~ l y  if' 1'111 not  in nly office..' 



Chapter 2 

Background 



2.1 Etherphone 

Etherplione was an experimental telephone system a t  Xeros PARC that was intimately tied to a 

colnputer network. Specialized hardware was used to  connect a digital telephone set to  an Ethernet 

local area network (LAN). This hardware enabled the Etherphone to transinit digitized voice, signaling 

and supervisory information over the network. The system architecture is shown in Figure 2-1.' A 

telephone control server handled routing information and other such responsibilities typical of a PBX. 

A general purpose computer and a file server were included in the system to provide voice in 

computing applications. The main engineering challenge was to  meet the real-time transport 

requirements of voice data over Et,liernet,. 

Figluc~ 1- 1 : Etllerplloile -4rchi rectnre 

Traii.y)orting voice aiid otlicr nmltimeclia data types along a coiil~uoii bus arcllitecturr ~ > r o v i ( l ~ . -  

the opportuiiity for voict, call procesnilig and integrating nl~dtililcdia dam into a coninloll coliq)l~til l~ 

ei~viroiliwilt. The al,ilit?* to perforin progranlnlable swit.chiug cx~urrol opens up a w i d e  host of 1)o-il)lt. 

applications ilicludiiig directory-based call placenirut . call loggill%. call filtering. aut.01nat.i~ call torw~rtl .  

voice mail, voice anuot.ation and voice editing. 

The cost of this architecture is 1rs.s reliable teleplioile srr\-it.,,. Teleplionr service ~vould br 

srverely degraded if' the traffic oil tlw Etllernrt reaclwtl saturarit~ii and wollltl fail coinplr t r l~ if tlu. 

Tc~lephoilc Control Scrvcr or t,lw L - I S  fnilctl. Tliesc implicatioii.+ ~o111d likely he unaccepta1)lr for I H O - r  

cuinpauir~ 1)rcaiise telqhoiir service is 311~11 an integral part 01' i111y organiailt,ion's operatioils. U11ril 



computing systems evolve to  the stage when their fault tolerance is comparable to today's switches, the 

integration of telephony and computer system likely will remain impractical. Etherphone was able to 

overcome this reliability issue by installing a regular subscriber line to each Etherphone. This line was 

used for telephone access outside the Etherphone syst.em and could be used as a backup whenever t,he 

network failed. 

2.2 The Modular Integrated Communications Environment 

(MICE) 

The MICE project, at Bellcore was a.n at.t,empt t.o reduce t,he complexity of int,roducing new service 

specificat.ions in a CO swit,ch by developing a rapid prot.ot,yping syst.em for net,work services. 

T11c authors emphasized three services wit~liin RIICE - personaliza.t~ion. cust.omizat,ioi~ and 

int.cgrat.ioii. The idea of persona.lizat,ion iiieant t,liat services were associat,ed wit,li users and not t,lieir 

t,elrpl~ones. Users could custoliiize t,lieir ow11 personal telephone $ofile t,hrough t,lie usc of a finitme-st.at.e 

t.al,le 1a.nguagr developed for MICE users. This coiist,ruct allowed uscrs t,o use a.rguiiieiit.s such as t,lie 

iclel~t.it,y of t.he ca.ller. tmlw t,ime of day and the line steatus. mlwn maliing call processing decisions. Tlius 

new wrvices such as condi t io~rnl  rnll f o r u ~ ( ~ . r d i i ~ y .  nnrio~hle fr,rlurr.rdlng. ro.uti.ng lists . and so f'ort,ll. n-crc, 

nlatlr possilde. Finally. ilitegrat,ion referretl to t,lw iilult,iniedia int,egra.tion of dat.a, i1it.o a collinloll 

~~orificirt,ion. atlclrtc~ssing a i d  cuiltrolliiig i~lrchanism. Our csalliplc of' t,liis is t , l~r  intcgratrtl voices autl 

text i~~a i l ing  s.;\.st.rli~. i i t ~ d  . that ~ a . s  lxd t  for hIIC'E[l8]. Imail allowtd riser..; to il<.c+'>s I)ot,l~ elvctrouic. 

i~iiril i111t1 \-oicc. 111ail fro111 a col1iputc.r \wrlist,a t,iw. 

T111, i t~~tllor> ass~~liicvl t.11~ t t11c c.olnl)l~t,ing and t c ' l ~ ~ ( . ~ i l ~ l l ~ t i ~ i i ( . i ~  tious ':vorI(l of' tllv f'nt~iro ':~o111d I) ( '  

c.oiltl)owtl of' i t  11ctcwJgc-i~eous 11t.t~orli. Tlw coinpolwilts that. t,llcy usrd to c1er:rlol) AIIC'E. s11ow11 ill 

Fig 11rc. 2-2. rvflected this drcisiou. 

T l ~ e  authors wrot,c t,l~e soft,~~-arc to int.rrcomrct, all thc, coinlmleut,s. This ttasli \vi\s divitl(d int.o 

tllrc,c ~~~odul (b i .  as s11ow11 ill Figure 2-3 '. Tliv foc,:~rdntio,,rer! softn-arc. mas largc3ly cuu~posrd of t,l~c- 

C'el~tri~l Control Proccss t,liat actwl as a server and coill~il~lili~at,t~cl with other procwses via 



MClTU - 
UESSAGE 

PAGER 
( U ) T o m L A l  

Figure 2-2: MICE Hardware Architecture 



Signaling mismatches exist between the telephony world and the computer comnlunication world. Data 

conlpatibility problems exist among different machines. Protocol conformity problems exist between 

different implementations. 

2.3 Personal Exchange (PX) 

Tlir PS project i> esploring arc1iitect.ures t,hat will eual~le workstations to conveuiently coniiliunicate. 

st.ore. retrieve and process voice as a data type. Researchers at. BNR are developiug architectures that 

will enable the workstation to establish voice connectio~ls and perform voice switching. By enal>ling tlie 

~vorkstatioil in this way. tliey are able to distribute nluch of the call processing capabilities to tlle 

desktop ratllrr t h i  conceilt,rating it at tlle svdch. 

The s y ~ t m ~  drsigii of tlie liartlware in PX includes a LAN of n-orkst,ations wliere each 

~vorkstatioii i+ ilssociated wit11 a telephoue. The workstatiou is connected to thr tclepllonr tllrougli a11 

adaptor that a150 tc~rniiliates a Sortliern Teleconl ISDN-compatible key syst.em (3c.c Figurc 2-4). Tli? 

kel- system acts a.5 a circuit server for voice connections and has a 2B+D architrcrurc. Tllc D cllannel 

is i i  iiir.;sagt. cli~1111e1 that is iilipl~'mentet1 as a logical inessagiilg bus. By allowing tlle workstatioi~.; to 

read aiitl write iiic*.~aqes to t 1ii.s bus tllrough t,lw adaptor. the workst.at.ion can iiistn~ct tlic k4.y systcnl 

to estaldish voiw coiinectioiis tlirougll the B clminels. Tlnls. the key syst.elil srr\.r> as a circuit > w i t c . l ~  

w i t  11 a11 olmi extvrnal coiit rol iuterface. 

Figure 2-4: P X  Hard~vase Arcllitecture 



interest to this thesis. This layer provides high-level abstractions for telephony - management services to 

the application programmer. The abstractions provided allow the programmer to  initiate, receive and 

manipulate calls. 

I attendant 

Baam: 

PX 
aerv~cma [trkphoy) (r) ( ' 1  etc 

mmrgement m . g l m r n l  processing 

Figure 2-5: PX Software Architectlire 

The PS project is 100liilig at appliratioi~s to use bl~e I\-orl;>ratioii t,o assist voice cor~ i i l~u~l ic~a t io~~- .  

to integrate voice a i d  data and to enable delivery and retrieval of data from a workstatioii tilroltgll r l ~  

voiw cl~annel. The applic.ations to assist i11 voice c o n i n i u n i c a t i  are using the workstatioi~ to pro~.i(lts 

H bet ter user ii~terface to atlvai~cecl trlc~coii~inui~icat.ioi~s service>. This is dour through a SCI . ( 'C ' I I - I )~ I>I . ( I  

tclrpl~ony iutcrface ant1 using the workstiltion as an interactive i\n.;\\-er machine. -4pplicatious tlmr 

i u t c~ ra t r  voice, autl data include voicx, ;11111otati01i of test doc i i i i l c~~~ t~  and voirc elltry to an ~~l - l i l l ( s  r I , S I  

calmdar. Fillally. tlw workstatioii i3 Iwii~g iisrd 60 deliver voiw llwssages for applica t ion3 s1ir11 A -  

tc~lrnlarkrtiiig aild to rrmotrly rrtricw elt~ctroi~ic illail 1,y rcadi~rg r l~e  test oiit u-iiig a test- t ( I - - 1  I I W  1 1  

syntllesizer. 

2.4 IC-Card Telephone System 



machine messages, schedules, and so on, are transferred to RAM when the IC-card is inserted into the 

telephone. 

Figure 2 4 :  IC-Card Telephone Set 



Chapter 3 

Integrating the Workst at ion and 

the Network 

This cllaptcr will csa.mine the  issues involved in int.egra,ting the worlist,at,ion iilt,o t,he net.work. In this 

tllesis. t.he personal engineering worlistat.ion will he simply rcferretl t,o a s  the wori&tion and  t,he 

ATLT 5ESS ISDN swit,cll t.llat co1mxt.s MIT wit,ll t,lic rest of t,lie iilt,erilat,ional t.e1ecomi~~unicaattioiis 

llr.t,~~orli will bc referrit1 t,o a s  the 7~et.uro.r.k. First, t,lw I)eilcfit,s of iilt,egrat,iilg t,lle ~vorlrst~at,ion i11t.o t,lw 

11ct.n-ork will lw esainint-d in sectious 3.1 and 3.2 ant1 t l l r i~  tlw arcliitcbcturc ilcwlcd t,o provitlc tllcsc 

1)cwdits will lw discussed in scct,ions 3.3 slid 3.4. Fillally. st>ctioil 3.5 will twmliiie 11ow tlw arcllitcv-ture 

of' tlic sy5tcsin lmilt ill this t,lwsis diffcrh froin prcviolis rclntcvl IT-orl;. 

3.1 Intelligent Agents 



participating in call management by providing the network with the correct pointer. 

Consider the list of factors that commonly go into making a call management decision. Clearly. 

these factors will vary from person to person; in general, however, these factors may be broken clown 

into st,at,ic and dynamic parameters. Static paranleters are those pa.rameters t,hat rarely cha.nge with 

time. For example. a user may always want his telephone to be forwarded to his voice mail when he 

does not, answer his d l .  Dynamic parameters change with time. An example mould he if a user 

schedules a ineeting in her office and wants all her calls to be handled by voice mail for the t l ~ ~ r a t i o l ~  of 

t,he meet,ing. If t,he workst.a.t,ion can model the act.ivit,y of the user, it. can provide useful and dynaillic 

informat.ion t.o t . 1 ~  net8work a.bout ca.11 routing. The dynamic inforinat,ion t,ha.t. can be used at t,lle 

workstation may include t,lie following: ent,ries from an on-liue ca1enda.r. t,lw t.iinr of day, t,llcl locat.io11 

of tllc user. the stat,us of the user's telephone line. t.he calling part,y. a list of people t,he user has 

recently called. vrhat irct,ivit.y is currently happening on t,lle user's illachine. and so on. Tllc a g t ~ t  bliilt 

and 1)rol)osetl ill this thesis. called ACME, is an at,t,empt, at creat.e a dyna.nlic call processing ageut,. 

3.2 User Interface 



integrating the communications services provided by the network with the communication services 

available in the computer network, such as electronic mail. Finally, there is more opportunit.y for 

personalization of services because the workst.ation has access to  databases. 

Recent studies at. Bellcore indicate that enhanced net,work services are hard t,o remember and 

often not used [20]. Researchers at. Bellcore proposed a mnenionic command syntax for cont,rolliiig 

advanced t~elecon~n~unica.t.ions services. What t.hey discovered was t,hat the ninemonic coniniand synt,as 

did help users t,o remember the co~iinia.ncls but. did iiot. change their pa.tt.ern of usage. This finding 

indicates t.11a.t there esist,s a significant amount. of inert,ia. for int.roducing any value-added net,work 

service. Any new service ought t.o be usefiil enough to noticea.bly add value while Iwing easy enough to 

use so t,liat the I)enefit,s out.weig11 t,he cost, t,o t.lie user of 1iaviilg t,o adapt t.o the new service. TVllat. is 

needed is a simple set of abst,ract.ions that will increase the funct~ionalit~y of t,he syst,ein while retluciiig 

t,he coniplexit,y of it,s ilsag?. Tht, abstractions are nleclianisiiis by which users can tonvenient.ly t.liiii1; of 

and espress t.o t,he coinputer how t8llt.j. would like t,lleir conliiluiiicat,ioii services t,o be nianaged. Tlw 

approach t,a.ken in ACME is t,o use t,l~e IF-THEX paradigm t,o est,a.l>lisli service'coiit~rol (see sect,ion 6.1) 

and provide a grapliical uher interface called Phoiieditor. described in chapter 6.  

3.3 Internetworking 



badges1 and workstations. The software integration involved internetworking the telecommunications 

network with the workstation network and integrating server processes with client and other server 

processes within the same network. The implement.ation details are discussed in chapter 4. 

3.4 Distributed Call Processing 

Dist,rilnt,ed call processing is the decentralizat,ion of call maila.gcmmt decisions from t.lie cent,ral office 

t.o t.he end t.erinina1 or user. The -ACME is dist*ribut,ed in t.he sense t,llat t.he intelligence and knowledge 

needed for call mana.gemeiit is handled locally at, each workst,a.t,ion. eit,her aut,oma.ticallg by comput,er 

or nian~~a.lly by human intervention, wlde all tlie p1iysica.l routiug remains in t,lic CO. 

Distrilmt,ed call processing is we11 mot,iva.t,ed bot,h from a nrt.work and a user concent,ric view. 

Frolu i\ ~lrt,work coucent,ric view, t.he deceiit,raliza.tioli of call IllilllHg~lll~llt clecisioil.z fro111 t.lw C 0  swit,cli 

can tlrcrrase the coliiplesit~y of the swit,ck. Manufact~urers of CO swit.che:s are now having t,o develop 

and milint,ain swit~ches t,hat are increasing i11 size and coniplesit~y at. a staggering rat,?. Given this 

scenario. one approa.cli to mana.ging t,lie conlplesit,y is to defiilr a Imsic set. of funct.ions witliin an open 

arcllitrcture switcli and enlpower cust,omers to easily design aiid cust,omizr their own set. of enhanceci 

stmiccs. This idea is not revolut,iona.ry and is thc basic t.cnrt I.)cliind t,licb i ~ ~ t e l l i g e n t  net.worl: proposed 

1)y 13rllc.orc [;I. 
111 the 1ut.elligrnt Kct,worl;/2 (1x12) proposal for tllr Pnl,lic S\vitclircl I%rt.\vorl; ill the Gnit.rd 



perspective. Consider the list of static and dynamic factors that commonly go into making a call 

management decision. A feature-rich CO switch call be programmed (through a 12-button telephone 

keypad plus a few function keys) to hold most of the static parameters people commonly use in call 

management decisions. The A T k T  5ESS switch has access to the configuration table which. for a 

given telephone line, provides static inforillation on what to do if a call is not answered or if the line of 

the called party is busy. and so on. However. it would be difficult if not impossible for a CO switch to 

access and maintain clynainic informatioil on all the users that it serves except for the time of day aiicl 

the telephone number of the calling and called party. It is much more likely and feasible that a 

personal workstation wollld have access to dynaniic information about the user. Hence, distributed call 

plocezslng allow.; the -\stem to deceiitralize the decision nlaking to the inore kilomhlgeal~le 

workstation. 

3.5 How is this work different from previous work? 



None of the projects discussed in this chapter attempt to model the user dynamically in order to 

make call management decisions. The use of BRI is another difference. PX is using an 

ISDN-compatible key system and MICE tried to integrate ISDN into the system. Of the difficulties 

encountered in MICE, some similar difficulties were encountered in the ACME project. In particular. 

different imple~nentations of ISDN made it hard to port ISDN network handlers from one site to 

another. The differences in the protocols caused difficulties that are dorunlented in section 5.2. 



Chapter 4 

Implement at ion 

4.1 Design Philosophy 

i l l f i)r l~~i~tioil  a.l)out, a user d y u i ~ n l i ~ d l \ .  ill call tnailageillellt. This  is illucll nlore rfl'ect.ivt~ly dollt. ill a 

tlcceiltralizctl arcllit.ect,ure t,lla.ii in a cciltralizetl ol~c,. Aiiotller i ~ d v a i ~ t a g r  of tlist,rilxiting t,lw syst,enl is 

that  it provides inore fault t,olerance. By liaviiig different. scrvcrs r ~ i i  on dificrci~t nlaclliiic~s, tlic 11-11ole 

syst,tw1 docs not st,op if one iiia.chiile fails. Only t.lw resources provided t.lw server 011 t,llc iila.clliiic. 

t l l i ~  t failed are no longer availalde. 111 f k t  . separate processes resitliilg oil t.lw s;\l l lcs i l~iicl i i l l~ are 

s~ifficirlit~ly isola.t,ed so t,llat even if one process iilalfitnct.ioils it. will ilut. tlegril.dc, tlw servicrs of ot,ller 

1"O'""""". 

Siuct. the -4C'hIE syst.eili is tlist,ril)ut,cd acrosh several h i t r t l t~ - i~ r~~  l)li~t,forlns i11ltI lllallr: ~oft.wilrt> 

1)rocc.ssc.s. rl~(b illt,egrat,ioil of t,l~esc sul~syst.clns l ~ c ~ o i n c ~  vcbry ililporti~llt~. Tlwsc syst~cins a,re iiit,c.gri~t,ed 

t.liro11g11 ;I prot,ocol t,llat. is tlcsipetl t,o lw ;~rcliit,cc.t~~rt' iil(lc.l,c~ildeiit. Tllc proc.~ss(~s colllliillllici~tc via 



inter-process communication. Indeed, this whole integration process is part of a bigger picture within 

the Speech Group of integrating many desktop audio tools in the workstation [21]. 

Another requirement of the design is that all the servers should run asynchronously. The 

software is designed to act as an int,errupt handler to external stimuli. This is ixnplemented i11 various 

forms using callback facilities provided in the X Athena Widget set and the Socket Manager  (see 

c11apt.e~ 6 . 2 . 2 )  and the select syst,em call in Unix. It is important that the server processes be 

a.synchronously driven heca.use the servers must. be able to receive evei1t.s while liandliilg event,s ant1 

cannot. guarant,ee a real-t,iine response. Fortunat.ely. when dealing with int,erfa.cing t,o human response. 

tinles. no st,ringent. response t,imes are placed on the phoneserver. Perhaps t,he only ~i t~uat ion where i1 

response is a.l,sol~lt,ely required wit,liin a, finit,? time is when t,he 5ESS polls a st,imulus set t,o see 

whc~tlier it is -.alive". Respondiiig t,o t,llis message is appropriately handled at a layer below tlir 

plioiiescrver - t'it,lier i11 t,he net,work liantller process in the Sparcst.ation I or in t,lie Teleos Iwartl on tllc. 

PC'. This real-t,ime requireilleiit is sliieltletl froni tlie plioneserver. 

4.2 Hardware Architecture 

t>-picillly triliisport~rd I,!. ;I prot,oc.ol iniposetl by thx suhscril>er. The BRI lincs arcx t.tmliiilatc*cl ;it t11(1 

custoint~r prrnlisc. ill1 S iiitertacr which t,ypically plugs ilit,o an ATkT ISDN 7506 t,elel>l~ont> set. 73lG 

ha\.(' roo111 for ilii~e lllOrtA. not, ilccessarily uniquc. sc~coildary clirvct,or!- nlmil,cr (SDN) ciill al,l)tJii.riiilc.t... 

However. t,llc actilal 1ilnit;citioll of the 5ESS swit,cll on a BRI line is 1 PDN a i d  111) t .0 G3 SDKs. 

R~inniilg a BRI linc with 64 call appearances t.o thc phoneserver can monitor up to 64 tclcplionc. I,\- 
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cables to a concentrator that sends a message to the location server process through a serial line. This 

server process constantly monitors the location of each person wearing a badge and can be queried for 

information by client processes [26] .  

The DECtalk test-to-speech synthesizer is used to provide paging. Incoiniilg calls are a n n o u i ~ e d  

through the internal speaker systein of the Media Lab (see section 5.3.1). 

4.3 Software Architecture 

The Teleos BlOOPC board coines with a device driver. The device driver h a i d e s  all the messaging 

with the 5ESS up to and includiilg layer 3 - Q.931. This is a convenient level of al~stractioil for the, 

application programmer. The PC is essentially acting as a parser and a gateway to the 5ESS. The 

s o f t , \ ~ i ~ r ~  cst,ract,s relevalit signaling inforina.t.ioil from t.he switch s~lt:h as calling liilr itlrilt.ifica.t,ioil. time 

st,ainl)a and ISDS calliilg, to pass ont,o the pl~olleserver residiug ill t,he Sun 11-orl;st,at,ion. 

-A11 services operat,e oil a. client-server ba.sed paradigm. The phoneserver coinnlunicat~es with t,lie 

clients 1% unit sockets. A client side software library provides appli~at~ions with an  int,crface t,o t,he 

plloiirserver. The phoneserver provides t,lw lmsic t~elephoily services t.o a client at a prograininiilg level. 

Tllv l)r~grilmlllillg iilterfacc is descrihetl in section 5.1. 

It is assumed t,llat t,lw clieiit processes wit,li a graphical iilt,erface will I)cs ruiluiilg wit~llin the S 

II'iiltlon. systcni niltl have access to gral)llical tools sucll as  icoi~s a i ~ l  p01)-11p ilot,ificat,ioi~ \viiidows. The 

clicilt d t n - a r c  li1)rary. 

Tllcs iilteractiou I , e t~~\~~t~ i l  processes is illust~rat,etl ill Figlircf 4-2. Tllcu circl(.s (leilot(. processes n-ldr 

tllc, A ~ I I I ; ~ ~ < '  d<*llotc.s ; I  t1atal)ilsr. Tllr figure, s l ~ o ~ s  olily out. -1C'AIE I)roccs*: Ilonc*\.c.r. c v d ~  clicwt 11i1> i l  t 

l ~ i ~ s t  oiic. -1C'kIE process to illt.crf'i~ce wit11 t,lic phoneservcr. Tllc l)rot,ocol Iwt~weil tht. ACME i ~ i ~ t l  the, 

1)lloncww-er is arcllit.ect.urc~-iilclept~ilcleiltt. allowing c1ieiit.s t,o rtln oil different, illachiiies wit,ll iliffercwt 

1"'"''"s""s. 



Figwe 4-2: Software Xrrliitertnre 



Chapter 5 

The Phoneserver 

The  1)lioiieserver is ail asyliclironous process t.liat provides t.elepllolly-l>aset1 ~ i t > t , ~ ~ o r l i  scrvices to  c1ient.s. 

I t  receives it,s input. from three sources: ilew clients regist.ering for services. esist,ing clients sending it. 

messages aid sigilaliiig inforinat,ioll from a BRI line. 

When the plioileserver is first st,art,ed, it 1oa.d~ a calling t,ahle and a t,ra.iislat,ion h h l e  int,o 

ilicnlory a.nd init,ializes some st.at,es for each c c ~ l l  a.pper~rr~mccl ((2-4). The  calling tablc niaps i t  d i w c t o ~ y  

n i ~ . m b c r  ( D K )  I int,o a na.nle ill order to  pcmonalizr the services that  are ofkrecl. A i d i c r  t,al)lc i> ~isctl 

to t,ralislat,c, a set of C h s  illt,o DNs where car11 DiV may have one or more ~ i r l l  ;Ipl)eilrillices t l ~ t  alqwar 

ou ollc, or Illore t,elcqhollc R&. The  pliollrsrr\-cr uses a BRI liiw tliat liirs 64 call appc~aritilcva of 35 

tliffivut DNs t.hat are of int,erest t o  t,llis l)roject,. Th<> ownc.rs of' ~ o s t  of tllcw DXs ivorl; in tlics 



same or different architecture. The messages are exchanged through a stream socket. The actual socket 

is crea.ted using the Unix socket system call. Stream communications is a connection-oriented circuit 

that provides reliable and error-free data  communications. No message boundaries are imposed and 

the network will manage all the problems of fragmentation, ordering and error correction to ensure the 

integrity of the message that is passed. After the socket name has been bound to tlle socket using the 

b m d  command, reading and writing from the stream is accomplished by using the system calls read 

and w r i t e .  respectively. This newly created socket will be referred to as tlle phoneseroer socket . 

After the phoneserver socket has been created. the phoneserver listens to it to see if any clients 

are trying to connect to it. On the client side. a similar sequence is followed to create a stream-based 

socliet. Thi. bocket is tlwil connected to the publicly known port nunlber and host machiile by tlle 

client usmg the system call connect.  This action signals tlle phoneserver to accept the first coimectioil 

on the qiieuc of pending conilections and creates a new socket with the same propcitie> of t l ~ r  

plione5eivei ,ocket. Tllr Unis operating sy.stem then assigns a new file descriptor for the newly created 

socket. A plioneserver cllent software library is provided to hide this level of detail from the application 

developer ant1 present, t,lw approprintme level of abstract,ion. Functions t.o coni~wt t,o the pl~oi~eserver. 

along wit,ll other functions, will be discussed 1a.ter in this chapt,er. 

Iilforl~lat.ion from a BRI line is obt.ained from either t,lw Teleos B100PC' card or tlirrctly fro111 

t,l~e Sparcst,ation ISDN device driver (see sect,ion 5.2).  The phoneserver snpport,~ bot.11 soilrces in t,llit 

sanw way. If the B100PC' card is I~eing used. a serial port is opened and its filc descriptor is st,oretl. If 

the Sl)arcst,ation ISDN device driver is usrtl. a socket is opened wit,h a nctworl; haildlvr process ~ i l l l td  

7~hf1.22   st^ sc'c.t.ioil 5 . 2 )  and t,lw ~ocltt,t ~~nml,er is st,ored. 

At tllis point.. t,licl lhonrserver 11a.s t,llree sek  of peers to coi~~iili luicat with ~ iww c l i e ~ h  

conllrc,t,il~g tl~rougli t,he pho~~eserver socket. a list of socket,s froni esist.ing c.litmt,s a l ~ d  rit,lwr a f i lv  



has died) or is sending a command. If the client is closing the connection, the phoneserver receives a 

zero length message and proceeds to close the socket, free the information block about the client from 

the linked list of existing clients and update the masterfds by unmasking the closed socket. If the 

message is a command. a the structure shown in Figure 5-1 is received and is passed to a parser t,llat 

determines the command type,  extract,^ information from the relevant fields and executes the 

appropriate command. The command messages are sent as large byt,e-oriented character st,rings to 

provide architect,ure independence. 

strnct command { 
cliar command[ChiIDSIZE]: / *  type of comniand */ 
char ca[MAS-CALEN];  / *  call appearance */  
cliar src[hIXX.SRCLEN]: / *  originating source */ 
cliar dest[ i \ l IASDESTLEN]:  / *  destination * /  
int interebt: / *  clients interest */  
1 

Figure 5 -  1 : Colimallcl Structure 

1!1)011 wceiviiig ill1 c%veiit paclict.. t,lw 1,lioiirsrrvr~r look* ul) t,llr iiif'onlli~t,ioli I~loclr c,orrc.sl)oiltlillg 

t.u the (.all i \ l > I > t J ~ . r ~ ~ c ~ .  \i-l~icl~ is itlriitifietl 1); t,lw ficbltl ca . If' the owiirr is ii~t~twst~r(l ill t,l~cb (wwt that 

ocxumxl ah ii~tIi~ii,ted I)\. t , l i ~  ficltl ..;to.tc. then the' clit,lrc~ Ciilt,ii s t r u c t ~ r ~  1s sfiolit. to this c11~lit. rl'lic 



internal organization of representing the interest of the clients is described in Appendix A.3. 

5.1 Phoneserver Client Sofiware Library 

The phoneserver client software library provides a C programining interface to the phoneserver. 

The functions init-phoneserver-ipc and reconnect-pserver (shown in Figure 5-3) open 

coniiect,ions t.o tlie phoneserver and return a socket.. init-phoneserver-ipc initializes tlie connection 

to  the phoneserver. reconnect-pserver is used when tlie phoneserver fails and a reconnectiori is 

required. I t  first closes the e.uist,ing socket,, then calls init-phoneserver-ipc every sleep-count seconds 

until a connection is finally made. It is ii11portant t,o "sleep" I>etu-een at,tempt,s t,o  reconnect^ to tlie 

phoneserver: ot,herwise, t,he port, used by the phoneserver socket will be constait~ly bus?; a d  t,lie 

plioi~eserver ilever will be given t,lie cliaiice t,o I~iiid to t,lit= port,. Sleeping for 60 sccontls lwt~wren 

recoi~nection at,ttmpts llas Ixen fou~ld empirica.lly t.o be sufficient. ainount of t i im for tlie plioiieserver 

to Iind to the port, and for most phoneserver client app1ica.tions t,o sleel). This t,echiiique for 

reconnect,ii1g to t.lie phoneserver is inadequa.tPe for ot,lier asynclironous scrvers co~~nect.iiig t,o t.lie 

pl~oiieserver t,liat cannot afford t,o go t.o sleep. One solut.ion t,o t'liis problem is t,o use a t.itneoct cnllbacl: 

construct provided by the Socket Mnnnger (see section 6 . 2 . 2 ) .  This const,ruct. allon-s t,he program t,o 

execute init-phoneserver-ipc periodicallj- without. ldocking a t  that point in t,lic-. prograill. 

Fignro 5-3: IPC Connectioils 



return a SUCCESS or FAIL to the client. Failures usually occur when the client registers an interest in 

a DN not known to the phoneserver. 

After the client registers an interest in particular events, the phoneserver will send the event 

structures described i11 Figure 5-2 to the client. The function check4lnput checks if any messages have 

arrived in the socket specified by tlie parameter devzce . The blockzng-tzme parameter specifies the 

length of time i11 seconds to block on the device. A value of -1 will block indefinitely. When an arrival 

occurs. a uon-negative value is returned and and tlie client can retiieve the message by calling 

get-event and passing it a pointer to an empty event structure. 

int registerint,erest(dli. interest. sock ) 
int  dn: 
iiit interest: 
int  sock: 

int  check4input(device. blocking-tiine) 
int device; 
iiit blocking-time: 

int get -eveiit(inhuff. sock) 
cwwt iiil)nff: 
int .;ocli: 

5.2 Network Interface 



int call(src. dest, relative-ca. sock) int hold(ca, sock) 
char *src: char *ca: 
char *dest: iut sock: 
char *relative-ca: 
int sock: 

int call-picli~~p(ca, sock) 
char *ca: 
int sock: 

int conference( ca, (lest. socli) 
char *ca: 
c l m  * h t :  
int socli: 

i i ~ t  forward( src. debt . socli) 
char *hl '~:  
char *(lest: 
int sock: 

int phone-sta.tus( dn, sock) 
char *dn; 
iut sock: 

int transfer(ca.. src. dest . sock) 
char *ca: 
char *src: 
char *&st: 
int sock: 

Fignrt~ 5 - 5 :  Ci111 Processing Fnnctioils 



structure shown in figure 5-2 and send it to the phoneserver through a serial connection. 

A proprietary ISDN network handler. nhatt, for the Sparcstation 1 provided by a Speech Group 

sponsor is being used. Nhatt is a Unix process that receives D-channel information from the menlory 

resident ISDN device driver. A finite state table describing the Q.931 protocol is used as a protocol 

engine to  communicate with the SESS through the D-channel. The nhatt process connects to  client 

applications via inter-process communications. The phoneserver is a client and receives asynchronous 

packets of ISDN signaling information from the nhatt process. Again. like in the case of tlir Teleos 

card. this packet is received and used to fill the data structure shown in figure 5-2. 

5.3 Client Applications of the P honeserver 

A host. of rlitwt applicat2ions were writ,t,eu to utilize t.lw p11oiwsc.rvt.r. This wctioi~ will c \ i~( . iw t.wo 

s!.stc~~ applica.tions - pa.ger and qdvnl - and three iiidividual clieut applications - sphoilr. forward alitl 

logger. The section will also esainine t,he relationship bet~veen t.he phoileserver and a.not,ller server 

called the ac t i~ , i t y  srrlrer. 

5.3.1 Pager 

5.3.2 QDVM 



get -t ables(cal1ing-t able, called-t able); 

sock = init  -phoneserveripc();  

registerinterest(WILDDN, REGincoming  ,sock); 

while( 1) { 
get-event (allocated-eventstructure, sock); 

output-to-dectalk (allocated-eventstructure. calling-table, called-table); 

1 

Figure 5-6:  Pager Program 

All ca.lls to t,lie Speech Group t~elepllones are forwarded t.o a cent,ral ilui~iber used by QDI'M. QDI'RI 

uses t,lw phoileserver to fiiid iilfornlat~ion about the calling party a.nd t,he ca.llec1 part,y. 

5.3.3 Xphone 

Sphone provides a variety of aut,oil~at,ecl t.elephone dialing service froin a workst~at.ion. It was originallj. 

reported 1))- the paper [22] as "P11onct.ool". Splloiie uses a coillbinat,ion of mouse and keyboard entry to 

place and receive calls. -4 "R.olotool" applicat,ion was writ,ten t,o provide an on-line rolotles t.llat. works 

ill concert n-it11 Sphoilt~. Tlle full fiiilctioua1it.y aiitl ;~dvant.a.ges of such ail int.erfacr artb rtyort,cd ill [XI .  

Xplioilc was rccc,ntly port,cd t.o use t,lw ISDN phoneserver. Splioiie uses the c.irlliilg processing 

fi~uctioils call aiid drop from tlic* phoncwrvcr clic,nt. soft,ware lil~rary sl10\\-11 in Figlirc. 5-5 t,o 1)lncc. calls 

5.3.4 Forward 



dismiss the call completely. 

Figure 5-7: Forward: Popup U'indow 

This program was functional for a short time. but, was iiot reliable enougli to offer to people 

outside the sptvdi group. The traiisferriiig function was iiot robust, eiiougli to   it list and sustained 

usagr . 

Holvever. a successful applicatioi~ that evolved froiii die forward applicatiou is caller-id . callerid 

is tlir for~vartl application with no selectioii I~ t t o i i s .  Displaying the c'all on t,lw scrtwi is niucli niorc. . 
readable tlmi on the 46 cllaractcr LCD display oil the AT&T ISDK 7506 set. This fraturc a iiiucll 

iiiore effecrivr way of alerting tlir wer t,o t.lit, identity of the calling part,y before pickiiig up tlic receiver. 

5.3.5 Logger 

The 10,qq~r.  prograin wai ~ ~ r i t t e n  originall:- to debug the phoneserver and was later eiiliaiicetl to rt.trieve 

data fo r  tlw stildy proposed iii srctioii 10.1 Tliol~gli t l i ~  study was iiot cond i~ t ed  in this projwt. logger 

provrtl t c ~  1)t. our of the nlost ~iaeful utilities froin tlit' 113er coiiceiitric view. The xilost intrre.;tiug t * t . c ~ l t  

ill evt~ry(1ay 11w is tlw ii~coiniiig call. Tlius. the 1oggc.r opens a socket with tlit- plioi~eserver. rcgi5tt.r- i l l1  

ilitert-bt i l l  R EGiiicouliilg 011 tlir t~ l~pl io i ie  ii~iiiil>er of tlw u w  aiid t.lieii sit.s i11 a lool) ~mitiiiq for 

events froill tlw plioii~servrr and recordiiig tlir rveiits (sce Figure 5-6). 

sock = init -plioueserveripc( ): 
r e g i s t e r i u t e r e s t ( n i ~ d n .  R E G i n c o i n i n ~  .sock): 
wllilc( 1 ) { 

get -event (allocated-event -strncture. sock): 
record ( alloca tetl-event s t ruc tu re .  ou tput  fileiialiie): 

1 

Figure 5-S: Logger Program - 



to  ret,urn a telephone call. The people who are aware of the fact that I a m  logging calls may expect me 

to  return a call even if they did not leave me a voice mail message. However, unlike voice mail, when 

the logger or phoneserver processes fail, there is no way for the calling party to discern that the call is 

not being logged. This lack of feedback may cause users of the logger program to unknowingly violatme 

social e~pect~at ions when the logging process fails. 

5.3.6 Activity Server 

The act,ivit,y server provides high-level informat.ioi1 about the current a.ctivit,y of a set. of users [lG]. It, 

receives inf'ormation from t,llree sources: the finger server. t,lie 1ocat.ion server aid t,lie pliolieserver. 

Based 011 t,his informat.ion, the activity server makes inferences about t,lw act,ivit,y of a user a t  a given 

t,ime I)!- cstaldisliing interclepelidelicies and resolving  conflict,^ ill t.lle iliforniat.ioii ret,rieved. It may he 

used R S  a tool witl~in a t,rusting user colnmunity to coordinate office act.ivit,irs. 

T h r  act,ivit,y server  request,^ st.at,e infornmtion fro111 t,lw phonescrvcr. Tlie crit.ira1 st,at,c. 

iiifornlat~ioii required by t,he a.ctivit,y server are: 011hook, offllook and illcoming call st,ates. 



Chapter 6 

Automated Call Management 

Entity 

The  -4utomated Call hlai~agetlieiit. Entity (-4C'ME) is a process t,hat is a.ssociat,ed wit11 a siiigle DN. It,s 

function is t,o inanage t,lw t,clephony services a s  specified by a user for a part.icular DN. To a.ccomplis11 

t,liis h s k .  the XC'RIE iilterprets a rule-l)ascl crc,i~t.etl I,? the user and  int,erfaccs v-it,ll t,lw plloiirsc*rvcr t,o 

inanage t11c events t,liat tlir phoiiesrrver rcyorts. 

6.1 Call Management 

C'on.itler lion o ~ l ( ~  ill~lilagcA. a tc~1c~l)lloilt (i111. Deci.io11. i1. t o  wliat to (lo with i111 iilcolliiug ('ill1 r~i( ,  I I I ~ I ( I ( '  

1)ased oil llli1il?- f<lctoih. includiilg: the ci~llilig l )ar t~- .  tllr time of day and the activitj- that oilc3 1. 



problem, unless the calendar entries are extremely structured and simplifying assumptions are made 

about each entry. One solution may be t.o format the calendar so that each line begins with a block of 

time, where a filled block implies that t,he user is busy. However, the granularity of the information 

provided in this solution is not detailed enough t,o be useful to an ACME. Also, Speech Group 

members use the Uuix calendar file format with an X Window interface, Xcnl, that enables the 

inclusion of sounds within the calendar. The presence of sound files and the fact that the Unis 

calendar file format permit,s unconst.rai11ed t8ext entry into each date makes t,he problem of drcluciiig 

the a.ct,ivit,y of a user a.t a given time t,o he difficult.. 

Informat,ion providecl by t.he Unis operat,ing syst,em and it,s associated softaware t,ools does 

provide a tmct.al)le solution t,o obt.ainiiig iuforiilat~ion about t,he a.ctivit,y of tlie user. Tlw f i n g e r  

comma.nd in t.he Unix operat,ing systcin can provide informat.ion as t.o where a user is logged in ant1 

how long tlie user has been itllc. This inforiilatiol~ is available t.o t8he ACME fro111 t,lie f inger .S~T . I JCT  [Is]. 

I11 t.liis era of highly iiet,worked TI-orkst,ations t,liat pennit remot,e logins to various host niacliiiies, the 

combination of bot.11 login infornlation a.ncl idle t,ilile is necessary t,o reliably det,erinine a t  which 

workst.ation a user is pliysically working. Tlie finger server fiiltls t,he 11ost.s with t,lie least, idle t,inir and 

t,races ba.ck 11ost.s until a host. console is found. Tlie morkst,ation with t.he host console is a.ssuined to hc 

where t,lie user is physically working [l:j]. 

6.2 Software Architecture of the ACME 

6.2.1  Data Structures 



This list is used in the situation where the calling party argument is specified to  be someone I recently 

called. 

A user's rule set is also placed in the user's root directory, in the file . cme-rules. <DN>, where 

<DN> is an extension representing the DN for that rule set. At execution time the ACME reads this 

file, parses it, sorts (see section 6.3) and loads the rules into three data structures - a liiikecl list of 

rules. a linked list for the conditions in each rule and a structure for the action to he taken. The rule 

structure is shown in Figure 6-1. Tlie nun-condztzons field contains the iluinber of conditions for a 

given rule while the rule field contains the actual rule string. The conditzon-ptr and action-ptr are 

pointer to the condition and action structures (as shown i11 Figure 6-2). respectively. Finally, thc nex t  

field is a pointer used to link the rules together. 

struct rule5 { 
int nuiu-conditions: 

char rule[RL4XRU LE-LEN]: 
condition "condition-ptr: 

struct rules *nest:  

1 

Figure G -  1: Rule St.ructnre 

i~iformat~ioi~ 011 tllc typr of co~~dit,ion: calling party. time. locat,ion. \~0rli~tati011 or tclt'j)l~o~lc' <t,ilt1ls. 

Tlie o p e m f m  ficltl cont.aii~s a logic'i~l olwrat,or sl1c.11 as not. heforc:. r~.ficr or (I.TO!'IL(~. t11i1 t is t o  ] ) I '  i ~ l ) l ) l i ( ' ( l  

to ,711 olwrancl ficld. Tllc two opc.raiid fidds. 0111 irntl op2. cout,i\iu il~forn~atiou cwtc*rtd 1)y tllv 11>('r i t t  

the t.inle t.he nile was crwt,cd si~ch a.s nanies, t,elepl~oiw niund)cw. room iiimdwrs. t.inw. i~ia(.l i i i~(~ Il i l l l l l 'h .  

a.ud so fort.11. 

Tlic act.ion struct8nre cont.ains t h e e  fields and is coiisic\c*rrtl oi~ly w11e11 a11 t,lw c'o~idit,iol~s fin tlmt 

act,iou 1ia.w heen fulfilled. Thc type field contains inforinat.ioil 011 the fuiict~ion to t.riggcr wliil(b t l~v 0111 

field is a pa.ra.lnct.er passctl to t.he fi~nction. Tlw ol)eran,cl 1na.y cont,ain infornlatioil such as 1lr7111(.s or 

t,elel)l~ui~r. uuld)rrs. Tllc. delay field sprc:ifieb t , l~r  iiu1111,er uf st.c.outla t o  wait Ixf;~rc. t,riggrriug tilt. i1 t . t  i o ~ l  

roi~t i i~c.  



struct condition { 
int type; 
int operator; 
char op1[64]; 
char op2[64]; 
struct condition *next; 

1 

struct action { 
int type; 
int delay; 
char op 1 [64] ; 

1 

Figure 6-2: Condition and Action Structures 

6.2.2 Socket Manager 

-At t,llis point ACME has initia.lized all i ts  int,ernal da.t,a st,ructures a.nd is ready t,o communicate x-it,h 

ot,lwr processes. I t  is a client t.o t,lie locat,ion server ' and phoneserver and  a server to t,lw plionetlit~or. 

Thns,  it est,aldislies cor~i~ections t.lie location server a i d  t.lle phoneserver a.nd tlwll adds  a new 

ilet.wor1; service called ac.lne-port for the Plionedit,or t,o connect t,o. This is all doue bhrough t,he Socket. 

Manager. The  Socket Manager provides nlanagen~ent of sockets between client,s a i d  t,l~eir 

correspoi~ding server a i d  is typified by its use of asynchronous calll~a.cl; routines. It. is loosely inotleled 

on parts  of' tlw tlesign of t,lw S Window System. 

The niec l~anisn~ by d l i c l l  soc1;et.s arc, managed in ACME is tlescribrtl in Figure 6-3. First.. 

SmInit ib called to iuit,ialize t.licb Socket hlallager. SmOpen c o ~ n ~ e c t s  tlir process t,o t,llc hcrver itlent,ifitd 

Ily tlic first argulnent. and rct81irns the sockct number. SmAddService adds a 1 1 1 ~  scrvicc to t,hc wrvcr 

aid tllc wrviw llanie is translat.td int,o a. port nwnl~er  for clit,ut.s t,o I)ii~tl t,o. \Vl~cll clirlits I i n d  t.o t,llis 

])art or coillliilluic.at,e with it,  t,lw SmNewSocketCallBack routiilc will ii~volw tlw newclientcb rolitincb 

t o  cscw~t,c. The  first SmSetReadCallBack rout,ine wat.cl~cs for data in socb-phoue a11d c i l l l~  

phone-handler when sonic input a.rrives a i ~ d  also 1)assrs tllc point ,c~ p11,one-d(l. t(~ . S i d i l r l y .  t,llis is 

doll? for the locat,ioil server. Fillally. SmMainLoop is called aft.vr all t,l~t. cnlllmcks arc w t  111). It. 

dispatches cvclit,s t,o tllc call11acl;s when evcilts occiui a.nd nevcr rcturns. 

0 1 1 ~  call missii~g f ro l~l  Figlire 6-3 is ACME rczgist,ering a11 ilit,cwst wit11 t,lw pl~oi~c~st~rver  ill 

ilic<)nliug i\lld oiit,goiug call c\vcut,s for a spccifietl DK hefor(. SmSetReadCallBack ib issued. The  XC'IVIE 

collltl I)c coded t.o regist,er a11 intc,rest, ill inore t,ypes of cveut,s; llowcver. incoli~ing i1.11~1 o~lt.going call 

evtwt,s arc t.lir events t.hat have lwcn found t.o be uscfill t,lills far. Sincc t.he AC'RIE regist,crs a,n interest 

ill only oilc DN. it ca.n manage calls for only one DK. If a ilser hiis more t h i l  one DN to mailage. 

':\('MI: ideally shonld conllcct lo t11e i~cti\.il!. scrver. for marc rcliahlc d;11 a.  Howcvcr. at thc tirnr. of writing 
t l ~ e  t\C'R11< c.otle. t.he act.ivity wrvcr wi1.s 11ot rcliai)lc ~ I I ~ I I ~ ~ I  Sor I I S ~  sii~ce i l  was a.lso ~ ~ i ~ t l r . ~ .  tlvvr.lop11ir111. Sec 
. - ( T I ~ U I I  I I).-) lor I'11rt.her tlisc~~ssioil. 



SmInit,(); 
sock-phone = SmOpen( "phoneserver", '"' ); 
sock_location = SmOpen( "location-server" , "" ); 
SmAddService( "acme-port" ); 
SmNewSocketCallBa.ck(cme~port, newclientcb, NULL); 
SmSetRea.dCallBack(sock-p110ne, phonellandler., phone-da.ta); 
SmSetR.ea~dCallBa.ck(socklocatioi~, 1oca.tionhandler. 1oca.tiondata.): 
SinMainLoop( ): 

Figure 6-3: Socket hhnager 

separate ACME processes 1ia.ve to  be started for each DN. Tliere is a. line-level opt,ioii t,o specify tlie 

DN t o  inoiiit,or. .issocia.ted with each DK is a rule lmse aiid a port iiunil~cr. The rule file for each DN 

lias it specifietl filciiaiile cildiilg wit,ll t,lic est~eiisioii of t,lic Dil' aiid t,lie port i i ~ u l h e r  is foluid I)?; t,i~l)lc 

look~ ip  i11 a. coiifigura.tioii file. Currci~t,ly. t,liree service ports within a Sl>eecli Group LAN have l>ecii 

cledicat.ed for IPC bet,wecw t,lit' plioiiedit,or alid die ACME. This iiuiliher call be iiicreasecl siinplj- by 

clrdica t*iiig inore por t,s. 

Esteriial iiiput,s from the plioiiedit,or are in the forin of coillnlaiids. Tlic coiiiiliaiids are update. 

sleep illid wake. The  iii1)uts will causr newclientcb ca.llbac1; routiilc~ t,o tlsecut,e and  parsc the 

( ~ ~ i ~ ~ i ~ i \ i l t l .  The update \ d l  causc the ACME t,o purge a n  old rule st4 and  read ill a l i c \ ~  way. Tllv 

plloilch(litor Call re(lllebst the -4C'PIIE t.o go to sleep (st,op ilir?ili~giilg t~~'t%t.s froill t,lit' p l lo l i~se rv~r ) .  ~ i i k v  

111) or ~ ~ p t l a t e  its rulc basc aft,er the plioiieditor llas niodifit~l it. For all c~oiiinl;~iitls. tllc .%C'XIE will 

rit,lirr i~cl~llo~\-letlgc the successful coillplct~ioii of il c.onliilaiitl wit,ll ail ACK iilessap,c, or sc*iltl 1);1ck a NAK 01 

ilcgari\-c) i ~ ~ l < i i o \ r l ~ t l g ~ ~ i ~ e ~ i i t  to iiihriii tllc llser t.liat die coiuiiii~iitl failed. Tlicsct ( . ~ ~ ~ l i l i i ~ i i ( l h  arcb furtlicr 

disc.~~hxcd ill scv~t.inil 8.1 illid ?Ippeidix B.4. 

Ext,cnlal i i l p ~ ~ t , s  froill t,lw pl~oiirsc.r\-~r a.re ill t,lie forill of csveilt,s. Tlw illlmt,s will c.allw 

phone-handler t,o esecut,e. Phone-handler rehieves t,lw rvtxit l)acl;cxt and iiiat~c.hcs it. t,o t,lie coiidit,ioil 

strwtllrv. If all t.lie rondit,ioii~ arc fulfillctl. thiw all act,ioii is fired after t,lic delay specifictl ill the delny 

fivld of tlic- act.ioii st,ruct.ure. The  delay il~ecliaiiisiii is inipleiilriit.et1 by t,lic t,iiiirout ro~~t,iiit. .  

SmSe t Timeout CallBack, providetl by t,lic. Socket. Rlaiiager. Tlir siiill~lt~ sleep c~)iiiillaiid availa. lh ill 

L-] 111 . .  1s . iiia.decluat,e for iiiipleiilenting t,lic t1ela.y because a s  in ally a~i ic l l ro l lous  event manager, t,llc* 

-%ChIE im~st.  ilioiiit,or iiic~miiiig cvcwt,s rwi i  t l~~r i i ig  t,lie clelay. I11 addit.ioii t,o ~lioilitoriiig. t.lie -4CRIE 

lllllst ills0 k ~ e p  the, ~tat , t ,  of ill1 (.a11 itl)l)('i\l'i\llCCS l)~(.a118? s o l l l ~  actioil f l l l i ~ ~ i O l l ~  ill? (.Ollt~illg~~ll~~ 011 t.llcb 

s ta tus  of t,lw DK. 



6.2.3 Call Management Example 

The Terminal Garden is a large computing facility where many students in the Media Lab work and 

socialize. The paging facility announces incoming calls over the Garden speaker system. It is a 

common occurrence that students have to run hack to their offices to  grab the incoirlilig telel~lione call 

before it is transferred to voice mail. Thus a useful rule for the ACME would be to increase the 

alerting time hefore a call is transferred to voice mail if a student is near the pllone but not in her 

office. For esample: 

"IF I ail1 in the Garden and the calling party is important-person THEN transfer the call to 

voice mail aftei 15 seconds." 

For this esample. AChlE's parser will fill tlie coiidition and action data structure, as s11ow11 in 

Figwe 6-4. 

Condition1 ConditionT! Action 
type: LOCA4TION CALLING-PARTI- type: TRA4NSFER 
operator :  Xi1 Xi1 delay: 15 
op  1 : m e  important-person o p l :  vmail 
0112: Garden  Nil 

Figure G-4: Fillccl Conclitionh and Action Stnlctnrch 



the ACME rejects a n  invalid action such as transferring a call t o  where I am where the  where I am 

parameter is either a n  unknown location or the  same phone (see Figure 7-1). 

6.3 Sorting Rules 

If only one rule could h e  t,rue in a rule set a.t. a. given time, no sort,ing would be necessary. But. for ally 

given event it is possil~le t,hat none or a.11 of tlie rules can he  true. I11 t,lle exanlple shown in Figure 6-5 .  

if my friend Bill calls a.fter G p.m. and  I an1 working in t,he Garden on  the machine sliast~a, t,hen all t,lw 

rules are true except for the  last one. Which action should the ACME fire? A trivial solut,ion is for t . 1 ~  

ACME t.o follow eesctly what the user specifies a.nd fire the first rule t,llat. t,ests t,o bc trucb. The  

int,uitive ansn-er seeins t.o he that  the  most important rule shoulcl he fired. However. using t,liis 

approacli, tllr -4CME lnust assumt. taliat. it,s mrt.rics for niras~iring iiiil)ortaucr reflect the way t.lie lisrr 

tllinks: otlleru-ise. t h  AC'hfE appears unpreclict~a.l~le. A fundaillent,a.l t,racleoff' is made lirre I ~ t ~ w e e n  t,lw 

desire for preclicbabilit,y of the -4CME a n d  the aut,ononly given t,o t,he XCRfE t,o make inferences. 

begin  

IF t h e  call ing p a r t y  i s  f r iends  T H E N  t ransfer  t h e  d l  t.o m l ~ e r e  I a.m a.fter O seconds.  

IF t h e  call iug pi1rt.y i s  Bill a.nc1 t h e  loca t ion  of' rile i s  n o t  offic~ THEK transfer  tile call to 
~ i i y  scxretar!. a f ter  3 s t ~ o n t l s .  

IF tlie locat ion of nltl i s  G a r d e n  T H E N  t r a n s h r  t h e  ca.11 t o  voice 11la.il a f ter  15 ~ o c o n d s .  

IF t h e  s t a t n s  of tlic ~ i l a c l l i ~ i c  s h a s t a  i s  logged i n  T H E K  not i fy  111~  1)y a pop-up  windon-. 

IF t lw  call part!- ih i\nyonc> a n d  t h e  t in l e  i s  af ter  1S:OO THEK transfer 111~- ('ill1 t o  voico lllilil 

a f t c ~  O secoiltls. 

IF the  s t a  tilh of lily l ) l io~lo  i s  a.ctive THEK d o  i lothiug.  

It rill1 I)tb argllcd that, t.11~ -4C'h.fE sllollltl hts give11 lllorc~ i1UtOllOlll\~ t,o lllilk<' i l l f( ' l . t~il( '~~ ~.ilt,ll~l '  tllilll 

I)e (~onst,raiilcd to 1)ehave prrclict~aldy for t,lw f'ollowiiig reasons. First,, tliv -1C'hIE is a dist.inct agtwt, 

fro111 t.he p r t~ \+ms  t#orta in call managrinent I ) e c i ~ ~ ~ s r  it is t.rying t,o 11s~ d~.lli\llli(. ii~hriiiat.ioil ill it,s (.ill1 

1)roc.essing. The usc of d y n a n ~ i r  informatioi~ argi1c.s for ACME I)cii~g intclligcwt ill~tl flcxil)l~, an(1 not 

const~raiiled to  i\ st.at.ic script. 011 the ot11t.r hi\ll(l. it. is iiliportaiit t,liat -4C'hIE lwlia~cu pretlict~ably t.o 

the naer: ot,licrxvisr. the user will lose confitlenc~c ill it .  Tllis rc~asoi~i i~g argues t,lla t t llc -1C'RIIE sllould 

(.arr?- O I I ~  t 11,. T I I ~ c - ~ I ~ I ~ ( '  in precisely t,he n-ay t.11itt t l l c .  i1sc.r 11;~. ~ r r i t  t.cw it. Howc*vc,r. l ~ i ~ ~ i i ~ g  -1C'hIE 

olw\- r i ~ l ( ~ - l ) ; ~ ~ t ~  csilctly t1oc.s not gllilrallt('(' l)rt*(li(.t;~l)ilit.y. HIIIIIR.I~S i l l t '  11ot ilh logical ;IS (.ollll)~~tt'rs i~ll(l 

tril(l t,o forgt't l ~ l l ~ ~ l d i ~ i l t '  facts. 311~11 as  r1111's. 11111(.11 f ; ~ ~ t , ( > r  t l la i~  ( .oli l])~lt t~s.  Tl111s. ( L ~ e l l  if -4ChJE is 

I ) r l ~ a \ k ~ g  ill ;I i11a1111t-r t.lii~t i+ Iogiral and (.omsist4>11t wit11 it,s i~~st r~i ( . t io i i s .  tht. ~ isc~r  ilia!. not sts(\ it t,hi% 



way because she nlisunderstands the logic of her rule set or has forgotten some rules. 

The basic assumption that  is made is tha t  the  precis ion of a rule is equated to i ts  zmportance. 

T h e  more importaut  rules are tested first; therefore, after the  rule-base is loaded the rules are sorted 

from the most important  to  the least important. 

First, the  rules are sorted by the number of conditions within a rule. Rules with more conditioils 

are  assumed t o  he more specific than rules with fewer conditions. Before the  sorting algorithm is 

performed. all rules are  scanned for the word "anyonen. Rules containiiig this word 111 the condition are 

assuined to have one fewer conditioii then there actually is, since the "anyone" condltioii is always 

true. A rule containing one condition and the keyword "anyone" will be sorted t o  be the last rule and 

will act as the c l c f ( ~ u l t  condition since it will always fire. Thub generating a rule like. "If tlle ci~lling 

party iz anyoiw then tranzfer the call to voice mail after 3 seconds." meails that  the (al l  will go to voice 

mail if  notlliiig elw happen-. 

S e s t ,  rules wit,ll the same uuinhrr of coilditions are sorted according to t,lle highest, 1)riorit.y 

condit~ion type wit,hin a rule. The  order of priorit,y froin most iinport,ant, t.o least. important  is as follows: 

phone st,at,us. calling part!., locatioil. t,ime and workstz~t,ion st,at,us. The  pl1011e st,at,us coildit~ioil is inost. 

import,ant. bccausc if a wer  is already in a phone con~ersa t~ion then lie is ph?-sically a.t, his telephone set, 

and his d w i ~ i o n  il1>011t lion- to  maimge t,he call should overridv any ACME action. F~~r t l~er i l lorc~.  wheil 

;I uscbr is active. it rest,rict,s t . 1 ~  phoiwserver .ICME from rout,ing ci~lls  anyway l)vca11sr bllcrc are not 

eiiougli CAs (see 7.1 ). Thus. a 11sef111 rule for all users t,o have is the last rule in Figurv G-5. Tllv sc~on t l  

inost iiiq)ort,ant contlit,ion is t,lic calling part,y Iwatlsc, t,hat gives specific i~ rgun lcn t .~  i ~ l l ( I  ill g~i iera l  

itlcnrity of' t.lic cdliilg l>ilrty is v ~ r y  important to call liianageilmlt. Tlw l ~ c ~ i ~ t i ~ l l  coutlit~iou (.ill1 i~ lso  I ) ( *  

l)rt&.;r: horvt~vc~r. as a fiwt,or ill call ma.nagrillent it is iiit~uit.ivc.l?; less illll)orti\llt. t ,hai~ t i l t '  i(11wtity of' t.111' 

calling party condition. t,llcre may esist several people or several set,s of people for n-llic.11 tlic desired 

call lnanagenl~nt  lwllavior diffirs. Tllc tinlc contlit.ion specifies a range ill wllicli t.111, c.oilditioil ib t,nlc5 

a d  t1111s it is not a.s precise a s  t,he previous conc1it.ioils. Finally. t,llc morltst.a.tion con(lit~ion is thought t.o 



differs from the unsorted rule set which is saved to the rules file . cme-rules . <DN>. This may lead to 

some uncertainty. To aid the user, it would be useful to display how the ACME is internally 

representing the rule set. This topic is discussed in sectiou 8.1. 

begin 
IF the status of my pholle is active THEN do nothing. 
IF the calling party is Bill and the location of me is not my office THEN transfer the call to  
m y  secretary after 3 seconds. 
I F  the calling party is friends THEN transfer the call to  where I all1 after 0 seconds. 
I F  the location of me is Garden THEN transfer the call to  voice mail after 15 seconds. 
I F  the calling party is  allyone and the time is after 18:OO THEN transfer lily call to voice n a i l  
after O seconds. 
IF the htatus of the nlaclline shasta is logged in THEN notify me by a pop-up window. 

Figure G - G :  Sorted Rnle Set 



Chapter 7 

The Telephony Language 

T h e  t~clcpl~ony 1a.nguage developed for ACME is a very simple English-lilre. 1a.nguage. I>i~.setl oil t,lw 

IF-THEK  construct^, for ca.11 managenwilt.. The possiblr coildit,ions are the paramet.ers t11a.t. are 

avai1al)le t,o t.he ACME t,o iuodel user act,ivit,y, as discussed in sect.ioil 3.4. They ilicludc the idei i t i t ,~  of 

t,lw ca.lling part,y, user's locat,ions. t . 1 ~  t,inle a i d  the s h t u s  of a wor1;station or t.elep11oiie. The  possible 

act,ions ilre current,ly limit,ed t,o t,railsferrilig a. call t,o a tliffrrcwt locat,ion and a.lerting users t,l~eir 

~wrl;st,at.ioil and t,llrough t,lle paging syst,tm~. Thc list of' possiljltx act,ioi~s ca.n I)(, est.cntled t,o inclutlt~ all 

tlltl act,ions available to t,lw phonescrver a s  the iwed arises. 

T ~ I P  lal~guilgt is iilq)leu1t~nt~etl ns i i~g t . 1 ~  les and yaw Uuis  prograiui~ii i~g tools. Au aI)l>r~viil t , t ~ l  

\ - twioi~  of t,llt. progranl listing illustrating the graluiuar ill a 1)sctldo-Bacl;t~s-Kal~r For111 is displayed ill 

-1lq)entlis C'. Tlw l r s  and yacc files gc~icra.t,r C fililc.t,iol~s iIr<* used by -1ChlE. These. ful~ct,ions read tlw 

rules f i lw  parse the rules a d  fill t,llc rulc. coldition ailti i r c t , i ~ l ~  strllct,urvs sllov-11 in Figurc G - 1  a ~ l t l  

F ig~~rc ,  6-2. 

Uscw call specify inore than o i ~  condit~iol~ per r~ilcb. -111 t,lw contlit,ions in a rulc ~ m s t .  be satisfied 

Iwfore t . 1 ~  act,iou will be esecut,ed or f i ~ e d .  Ther t~  is oilr rule set pcr DN a . ld  the  11scrs ('ill1 specify ail 

uuliinit~c~(1 iiulnl~er of rules per rule set,. Uscrs can specif:; the rules ill ally ortlcr tllc!- lilic: l ~ o ~ w v e r .  t,lie 

order of specifica.t.ion is significa.nt. s i i~ce it. aft'ec.t,s t.lw lxhavior of t , l~e ACNE.  

7.1 Challenges of the Telephony Language 



subsequently nullify an action. Consider the last example in Figure 7-2. If Peter calls, the ACME will 

test the condition to  be try and fire a transfer in four seconds. However. if after one second I answer 

the call, the ACME call no longer transfer the call (nor do I want it to!) to  voice mail. 

Timing problems also arise due to race conditions. If more than one ACME process nlaliages a 

single DN, then this may lead to events where two ACMES are competing for the attention of the 

phoneserver. 

Intra-rule  conflict,^ arise because t,he teleplio~iy language is implement~td as a cout,est.-fret* 

language wit,hout constra.int,s. Thns, the language specificat.ion will allow for over production,. 111 ot,l~er 

words. it, is possible t.o generat,e well-formed rules t,hat have nonsense or illogical sema.nt.ic meaning. 

For esaiuple. Figure 7-1 displays t,wo rules that have correct sp i t a s  but. are fla.wetl. I11 t , l~r  first 

esa.mple. if I a n  i11 my office when an incoming call arrives. then t,lw plloneserver will at,teinpt t.o 

transfer the call Lack to nly ow1 pl~oiie. This procedure will fail on t,lw stanclartl BRI linc~ wit11 t~l~rc~e 

C'As I~erause t,liere will I>e insufficient C.4s for t,l~c. phoneserver t,o use. I11 t,lir seco~~tl c.sa~nplt*. rile 

a.ctioii will never fire since I~ot,li coi~clit~io~is cannot, be simultaneously t.rue. 

"IF the  location of ine i:, my office THEK transfer t o  where I a m  after 3 :,ckcontls." 

or  
'.IF tllr ( dlling 1)nlty is Phil ant1 t he  calling party ib hlarilyil THEK ttan: , ic~ the ( dl1 

t o  voice nl ,d  aftel 5 second\." 

Figure 7-1: Intra-Ride Conflict:, 

R(wlving c.olltlit,ions I>etweril rules will hclp t,o prcvent sit i~i~tions ~vhcw cvrtiiil~ r111~s ill.(' i i t ~ ~ r  

rtwcl~cd. For rsaiuple. iu Figure 7-2. tllr lartcr rules in I,ot,l~ <'xi-1ilip1t.h ilre ~ie-ver rcwcl1~~1 siuc.t* tile* 

-4CAlE 1) roce~ss~  tc.st t,lle r1dt5> stb(i~lel~t,ii~lly. It, is possible t,o this ri11c. sct ~ I I I ( I  ( * l i i ~ ~ i i ~ ; ~ t v  the, r111c. 

tltwl~t,tl to 11avc i> lower priorit,\-. Howcwbr. if t,lw rule wit,li t,lw lligller 1)riority is l)li~c('tl lwforc, tllc r1111, 

wit11 1owc.r priorit,y. t,l~eil tht: correct rule will fire a.nd no int.er-rule resolving is nccwsary. The. =\CIZIE 

Rc~solving ru1t.s across rule s& in a dist~ril~ut,ecl elivironli~eut ib all eveu t,ougllc>r prol,lc~i~~. 

C'oilsicler t . 1 ~  csainple sliown ill Figure 7-3 of t.wo separa.t.e -4C'hfEs rlliu~iug 011 two scparat,c. rulc scth 

that ~ I ~ I V I '  ail int.t+r~dc wt (wilflict~. 111 t,l~is (~a.il11)lc~. if' pit,l~c,r 1)iIrtY rtbc(>ivvs i I  call. t,htb ( . a h  

traiwfiwcvl 1,ilcli i111(l forth ill all  wdl~-ss  (.y(.lt.. 

It d l  Iw illore i~nporti~nt,  t,o (Iva1 wit11 tl~ere rqoI l . la f ,  irllerrrctiorrs [I] ils nlorcL iitlv;~llc.c~l 

c~oii~litiol~c: and i ~ ( . t i o ~ ~ s  are i~ddtd  to tho .ACME. For t~s;~inl)le. call-wi\it.ii~g and c;1ll-for11-n1~(1-0i1-1)11~~- arts 



"IF the time is before 18:00 THEN notify me by a pop-up window." 
"IF the time is before 17:OO THEN transfer my call t o  voice mail after 3 seconds." 

or 
"IF the calling party is Peter THEN transfer Iny call t o  where I a m  after 0 seconds." 
"IF the calling party is Peter THEN transfer my call to  3-0673 after 4 seconds." 

Figure 7-2: Inter-Rule Conflicts: Second Rule Never Reached 

"IF the calling party i h  anyone THEN "IF the calling party is anyone THEN 
transfer my call to Peter after 0 seconds transfer my call to Chi after 0 seconds" 

Chi's Rule File Peter's Rule File 

F igure  7 - 3 :  Inter-Rule Set Conflicts: Cyclic Transfers 

iiicompat,ilde fcaturcs for t,hc saiue call apprarancc. Another exainple of a negat,ive intcract~ion. sho~r i i  

in Figure 7-3, is if user Chi forwards calls t,o Pet,er ~ l i o  hiillself has calls forwarded t,o Chi. 

Fort,unat,ely. iioilt~ of t . 1 ~  1)roblrins tlrscrilxd above is known t,o crasli t,hc syskiu  cveii if tllc!. art, 

i~llowtd t,o occllr. I11 t . 1 ~  cwsc of cyclic trailsfkrs. the calling part,y will prol,al>ly l ia i~g up  ;.~.fter waitillg ;I 

sliort t,iiilt, wit,liout. mi aiiswer. 111 t,lw ca.se of cyclic fi)rwards. t.lic .5ESS will t~erminat~r il call t,liat llol)> 

l)c~tn.t~c~i~ teleplloiics a f k r  il fen- cycles and gi1.c the t.alliilg part,!. i t  fast 1)usy sigiial. Ho~wvcr .  t l~o l tg l~  

tllcw will not crasli rlir systcwl. t1ic.y shoultl 1 ) ~  atldrc.ssetl 1)ecalisc. t,liey can lratl t,o ~iiil~rrtlict;rl~lc~ i t l ~ c l  

coiiftisiiig res111ts for t,llr ~ t s r r .  R i ~ t l ~ c r  t.11au millg f o r i ~ ~ l  i~it~cliaiiisiiis in t,lit> langiiagtx t,o i t l l ( ~ ~ i a t ( ~  t~lirsc~ 

l)re)l)lcw~s. politic-s ill t111, Pl~oiic*(litor i t l ~ ( I  t l ic* AC'lIE ;tr(* USIYI t,o l)rc5~.oi~t or r(w)lvc~ tl~c* coiifli(~t>. 

Tlic tillling proI>lcwi. addrc~sscvl ill scv-t.ioii G.2.2. is resolvcd 1 ) ~  i ~ s i ~ i g  ~itlll);lcli roi~tiilcs. Tlie, rilcc' 



Chapter 8 

The Phoneditor 

Tlw Plloncdit~or is ii grapliical uscr iiit,erface t,o call nii~.lia.gel~eilt. It is writ,t,ril in t,lit> C laiiguagc. uhiilg 

t,lw Athena Widget set of t.he S IViiidow syst.eiu uiider XI1  R-1. The out.put of t.lie Pholietlit,or is a.11 

ASCII test filc called . cme-rules .<DN> (see Appendix B . l ) .  This file acts as a script for the ACRJIE t,o 

follow. 

8.1 Graphical User Interface 

1f-lieil t.llc- Pliontditor process is r~~liiliilg. a ~ i l i i \ l l  imii (tlisphyctl ill thcb tol) l>ilrt of Fig~~rc .  8- 1) ill)l)('ill'J 

oil t,llc. scrcwi. Tlit- icon is a pict,urv 1)eckoiiiiig t11v user to sl)vcif:\- 1u)w to ilfi~uagv calls. C'liclciiig on this 

icon will l)op11p tlic Plloilcdit~or ~~i i ldo\ r -  d i ~ p l i l ~ ~ t l  ill Fignrc 8- 1. C'lic.liiilg oil t11cs icoil wllilv t . 1 1 ~  

Pllo111-tlitor 11-iiltlon- is alrcmly tlisl)li~?wl will l)optl0u-i1 tllc n-iiitlon-. 

Tllc. layout of t,lw Pllouctlitor is as follo~\-s. Tllc. tol) liuc' of' tllc. n-iilclov- ii:, i l l 1  ..iilstruc.tioil" liilct 

that 1)rovitleh cxmt,rxtual iilstr~lct.ioiis t,o tlw uwr. I i l s t ruc t io i~~  i t  t (%i~(.li 1)oiilt ill t 11c' iilt c-rileti011 artb 

provided t o  guide t.lw user. The  large icou select,ioil h o s  iniilletliat.t~l~- I>clon- the i i istr~~ct~ioll  liiw 

rnilt.aills all t,lica ~ n n d i t , i o n "  niltl b-;tct.ioii" icons. ,ill t,llc, c.oiltlit,ioi~ icons ilrc, t l i s l ) l i~y l  oil tllcb 1cft.-llililcl 

siclr of tllc. scrc-c.il cscept for t,l~ci -'lIy Phunc~" coiltlitiou iwil  ill tllc c.twtrr. Tllc. ..XC';\IE Sr.;1t,usq' li11)c.l 

al)ovcs t,lit, "My Phone" icon is usc~l  to iiif'orni the Ilstlr a5 t.o w l l c ~ t l ~ ~ ~ r  tlw _4C'3IE 1)roc .c~~ is ac.t,ivc'ly 

inaliagillg calls oil his behalf'. Tllcs i1rrow-s floniilg iilt,o i ~ i i t l  out of' t,lic "My Plioilc~" icou cwilvcy t.he itlra 

of inaili~giiig i l lcoi lhg calls ant1 iil(licat.e that tlw iliit11ra1 f l o ~  of tllv s(.rtvil ih fioiu l ~ f t  to riglit,. Tllv 

coiidirion icons art> placed 011 the left siclc t,o cl(~1iot.t~ t,lle iilitii~l c.oiitlitioiis for ill1 iiicoiniilg (.i111. Tlic 

.'i~ct,ioll" icon? i\rc3 t,lic. right t,o thwot,c. wliat. i~c.tioll> t,o t~kcb irft,cr ail ii~c.oiuiiig (.;ill arrives. 
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Also, a popup dialog box polls the user to  ent,er how ever many arguments are required for the 

condition. The user nmy enter the argument by t,yping it into the dialog box or by using a pulldou-n 

menu available under the options button in tlie dialog box. as  shown in Figure 8-1. This button is 

provided only if a menu is available. Users can set up their own options menu by creating the alias files 

described in section 4.3. Selecting more than one conclition will cause all conditions to be corilbinecl b>- 

the boolean and operator1. The "My Phone". "Calling Party" and "Location" condition icon* cannot 

be selected more than once to prevent intra-rule conflicts discussecl in section 7.1. The "Time" icon can 

be selected esactly twice to allow nsers to create upper and lower bounds on time. There is no linlit on 

the i~uinber of times the "Workstation" icon can be selectecl. After completing one or more conditions. 

an action icon niay be helec te(l. Tlw same interactloll that is used to complete a coiidition icou i. ubecl 

to coiiiplete an action iron. Only one action icou can 1)c selected and upon completion of a selection. 

the rule is w i t  ten to the . cme-rules . <DN> file a d  ail update message is ini~nediately bent to AC'hIE. 

The ACME purges t.he cnrreut rule set in it,s llwillory. reads in t,lw new rule set and aclii~owledges TO 

t,lw Phonedit,or t1ia.t an updat,t, has Iwen m d e .  This const,ant updat,e may seein very inefficient,: 

however, t,he protocol is tlesigl~ed t.o ensurc t . h t  t,lw rule set cont~aiiied in the file . cme-rules . <dn> is 

consistsent wit.11 t,lie rule set tllat t,hc AChIE is cnrrent~ly using int.crnally. 

Below the icoi~ sclrctioii box is ;I rolv of' I)littoi~s. Tllr Plionetlitor i~~terf'aces to tlw -4C'AIE 

through the Socket bIaiiagt?r. Tl~ere lllily l)e t iues wl~ell u s t ~ s  wish t,o nianagc t,lieir telcphonc~ 1)y 

tliemselves without having t,o bill the. -1C'IIE process. Thr S1enp ACME h t t , o n  will signal tht' -1C'hlE' 

to st,op proccming all calls and tlw .'ACME Stiltus" 1al)c.l will Ijc ul)clatecl t,o infbrnl t . 1 ~  uwr that t,lic 

-1C'AlE is asleel). Tllr coin-erw of this ii~ti011 is pcd'orlllvtl \,y 11it.tiilg t l~v  W ~ : F  ACME 1)llttou. The. 

Clenr h t , t , o i ~  is used t,o clcar ;I ride that is ill thcx ])roccw of beiqg crcat.ed. Finally. the Quit l)utto~i iz 

i~sed t,o esi t die Plionetli tor app1ic.a t.io11. 



currently in the rule. 



Chapter 9 

Discussion 

9.1 Privacy and Security 

inalics i t  pas>- t o  rc,-rolltc calls t,llrol~gll t.lic, transfer routine. Thus it. is possil)lr t o  stenl i i ~ w i l ~ i i l ~  (.iills 

I I I C H I I ~  t;~r ;+ cil.lletl 1)arty. It i:, iilso poss i lh  for il user t,o dial i11t.o a p1lullcst~rvc.r l i ~ ~ c .  i11ld iustruc~ t l u .  



9.2 Difficulties with ISDN 

The difficulties encountered with int,erfacing the Sparcstation 1 with an ISDN BRI line have been 

encountered previously in t,he MICE project.. The researchers working on MICE found prot,ocol 

co11formit.y prol>lems exist. between different irnple~nent~atious [3]. The ISDN net,work handler, nhatt,. 

was origillally developed on an  ISDN PBX provisioned to offer Basic Voice Services. The ATkT 5ESS 

ISDK switch supplies Supplement~ary Voice Services. There a.re two noticeable differences 1,et.ween t,lw 

prot,ocol for Basic Voice am1 Supplementary Voice Services. Supplement.ary 1,'oice Services has an ext.ra 

Associated Type inessage used t,o inform members of a I<ey System group of t,he status of a call. 

-4lso. Supplement,ary Voice uses a Locking S h i f t  Codeset 6 in the Cal l  Setup message wllich 

contaim a few extra, fields. These additions were put into 11ha.t.t. 

An annoying feat,ure discovered in Imilding liChfE is t.11a.t t,lie Q.931 prot,ocol does not allow a 

f~incticmal terulinal t,o t.ransfer a call n-it.llout first ausviering it.. The finlct.iona.1 t,ernlillal must r~ceivv 

t,he call. issue a t r a n s f e r  message to t,lie switch. place a call on a free call appca.rallce and then issue 

another t r a n s f e r  message. Tlll~s. calling part.ies who are dialing long clist~ance are billecl for calls as 

soou as t,lw ACME t,ransfers it. even though the call ma.y not be successfully complet,ed. 

9.3 Personal Communications Networks 



T h e  vision of a Personal Communications Networks in the U.S. is rapidly evolving, although it is 

lagging behind tha t  of the Europeans vision who have already deployed PCNs in a small scale in the  

form of the  British CT-2 effort [24]. T h e  view put  f o r w a d  by Bellcore is t,lia.t personal comillunications 

should enable a person t,o initia.te or receive a call from anywhere within regions of reasonable 

popula.t,ion densities [5]. For economic, political and  technical reasons there seems t.o be no easy 

migration path  from the  cellular mobile system t.o the handheld port,able set.s. For pra.giilatic reasons. 

handheld sets inust. be light, and  pocket,-size. This requireinelit lileans that, snialler bat,teries iur~st  Ije 

used and t.hat. high-power elect,ronics are precluded, to increase t,he mean t h e  l>et,ween bat.t.ery 

recllargings and  also for sa.fet,y rea.sons. Whereas high-powered vehicu1a.r cellular mobile syst.enls 

operate in the  range of one to toell wat,t,s ' and cover all area of great,er t,lli111 t.hree kilonletrrh. 

low-potverccl handheld port,al)le set,s inust operat,e in t.11~ range of 0.001 t,o 0.01 wat.t range a i d  cover a n  

areit of less t,liail 400 met.ers. The sliort,er covera.ge area means that  tlic cvll sizes wo~dcl 1 x 3  s ~ l ~ i ~ l l e r  a.nd 

as a result t,lw ilunlber of ra.dio access port,s for a give11 area woultl incrrasc.. Thus  for econoil~ic reasoils 

the PC'K net,worlr wolild have t,o be int,roduced first t.o areas of high populat,ion densit,ies s11c11 ils 

factories. apart.iiient.s,  airport,^. sliopping ilialls. and so forth. For rcoi~oinic and polit.ica1 reasoils as 

well. t,lirse ra.dio a.ccess port,s will Ile integra.t,td iilt,o t,he esist,ing local esclla.nge 1let.v-orlis. Sincc t,hc 

snitch ~lc,tmorks arc- already in 1)lilce. t.lierth is 110 nerd to dl~plicatc t . 1 ~  c4Tort. Also. 11sii1g tliv (xist.ing 

~~- i rv l in t~  infrastruct,ure wolild iiiipcxe a st.a.ntlard a.nd provide il(.ccss to a rliliversal nrtworli - 1)ot.h of 

which arc3 i ~ e t ~ l c d  t,o li~alic> PC'N a t r d y  ul)iqi~it.ous scrvicr. 

From a tcchilological sr~antlpoint. using t,lw local cscl~aiigt, ilcbtn-orli illso l l l i \k~> s ( u s i ~  J) (T ; IUSC 

PC'N worrltl I N S  i1111(. t,o pigg?l);lcli 011 tlw ii~t~c~lligcwt llt~t,\\~orli st,rvicxts t l l i r r  n ~ r ~ l t l  Iw provitlc*tl. Si11c.e t . 1 1 ~  

t llr ~rser's idrilt it.? i11 incniory (or  in a. --si imt card" inserted 1,y t,llc r~scr)  ;~n t l  11i1\-e a11 iilt,tm1;11 (mi t ,  t,illg 

tl(,vic.c. trnilsnlit t.llis uiiiquc idtwt.it,y numl)er [ 5 ] .  Tlw ilcwrcst rirtlio ;rc.ccss lmrt tlia t rcwix-cs ;11111 

t lc~otlcs tllis il~ulll>c~r sigiial report,s it, t.o a ccl~t,ral proccw interfacing n-it,ll 61w local cscllangc ~lc,t,\~orli 

t.0 clirtv-t traffic. This scc~li~.rio is aiialogoi~s t,o t.lir sc-ti~l) of' t.llcx locittioll swwr .  Hmvc~vc~. 11si11~ r l ~ c  

ACME to inforin the  net.work of' t,llr locat.ion of' il liser lliay Inorc- rc~1iirl)lc~ I ~ e c i r ~ ~ s t ~  it cinploy> illor(. 

~ O I I ~ ( . ~ * S  of' i i~for imt ion t , l~ i~i i  ~ I I S ~ ,  1)adgc 1oc.ation to ( l ( ~ t w ~ i i i w  tlw act11a1 l(b(.i~tioi~ of' a I I W ~ .  - \ l-~) if tli~b 

1 1 s ~ ~  is il~oviilg. t,he ilvtworli 11111st 1~ i i is t , r~~ct~cd to  p~rf'ox111 h(~:/dofIJ' fro111 0:1(' lllicrw('11 t ,o  ;lno:!i~r. T l ~ i s  

ih ~ I I I ; I ~ ( > ? < ) I I S  to c d l  t ~ m ~ . s f c r  ill t,lic\ lc>~i11 ~ x ( . ~ I ~ I I I ~ ( '  nc~tworli. In tlii- sc~mario. t11c. alc,rtiux i ~ ~ ~ ~ c l ~ ; ~ i ~ i s m  



that is performed out-of-band may alert the handheld set and the ACME simultaneously. The ACME 

inay then tell the intelligent net,wor% which microcell to int.erface with. 

These call routing and resource arbitration issues will become even inore important. if the plan 

to implement. a personal number calling service is adopt.ed. Many major telecommunicatioi~s companies 

are working on a service plau t,o assign one number to a person and place the burden of alerting t,he 

user on the net,work regardless of how inany kinds of telephones he has a t  home, a t  work or in t,he car. 

The ACME would be used here to infornl the net8work where t,o r0ut.e the ca.11~. 

Filt.ering calls will be useful regardless of whet.her a communicat,ions net,work is wirelinc~ or 

wireless ha.sed. For t,lle busy office worker. it will he necessary t,o filt.er out. t,hc unimport,ant ca.lls or be 

able t.o log ca.lls tvhile lie is busy. This filt,eriilg process will becoine even marc, iniport.alit, if ii 1)lall for 

assigning a personal numl~er is actually adopted. Given t,llis service. it. would Ix~ import,ant, t,o he a l h  

to divide personal calls fro111 I~usiness-rrlat.ed calls so t.liat users can llandle a11 t,lieir I)usint~ss calls ~vliilr 

a t  work a i d  let the ACME liandle t,he rest.. \Yhile this is currently heyoncl tllr ca.pal>ilities of' t,lir 

ACME, some tecllnology should be provided t,o aid the called part,y and prot,ect, her privacy since the 

network lliis made it easier t.1la.u ever I do re  to reach her. 

Thtx ut,ility of ACME in the wireline nct,\~orli ca.n be seen as  providing grcat,er mol,ilit,y and il 

level of call filtering. Tlw =ICkIE in the u-ireliiw ~lc\t\~-orli provides great.er n1ol)ility Iwcawc. it ilstbs 

more channels of alert,ing ilicdlanislns. Users call 11ow 11c alert,ed by phones other t,lli~li t.llc*ir o1~11. I)y a 

pager a i d  1,:- a n-orlrstation. The 1nol)ility is not clnite as great as a t,et,lierles> systtwl. sill(.(, after Iwillg 

alcrted. tlio Ilscsr st,ill must l)c close t,o il t~elt~pl~oiit~. Call filtc~riiig is prrf'ornlcbtl 11y lla~iilg.t l~v 

\\7~)rlistatioll 111:111;1g(~ soiil(~ ~i11h \v i t ,h l~ t  llaviuq to alert. or iiittwxpt t,l1tb 1 1 % ~ .  

For the rt'i\s<>lls sta t t ~ l  iu t,l~is swt,ioi~. tl~cw* will 4 1 1  IN, i i  11wd f'or ~ O f ' t ~ ~ i l l ' ( '  to 1)ert'ori~ f1111c.ti011s 

siinilar to thosc. l)crfbrli~rtl I)y the AC:ME ill a11 t~lvironnle~nt of' witlc~sl)rtwl tc.tllt~rltw ratlie) 

~'olll l l l~ll icilt~i011s.  T'11c' .kC'i\IE nil1 1lOt rc'll(lew(\ llsc!lcs> I ) l l t  1 ) c .  l l ~ c ~ l  to  i t l l ~ l l l O l l t  i l l l(I  ('llIlilll('t '  ; I  

iirtworl< ~ 1 1 ~ 1 1  ils PC'N. 



Chapter 10 

Future Work 

10.1 User Study 



10.2 Simulations for ACME 

To aid in making the ACME more predictable, it would be useful t o  be able to  simulate different types 

of incoming calls aud their associated conditions. Perhaps a companion to the Phoneditor could 

graphically generate event packet:: that would send phoneserver to  the ACME under real conditions. 

The output of such an event could be visually displayed. An alternative t o  manually generating these 

packets is to  run the log file that is generated by the logger program through the simulator and display 

how real world telephone activities would have been handled for a user. 

10.3 Robustness of the ISDN Network Interface 

For AC'hIE 60 beconie a pract,ical working syst,em t,he code for t,he ISDN net.n-ork handler. nhat,t. 1n11::t 

Im-oilic more rolmst. - i t  tht) crux of a.ut.onint~et1 ca.11 mana.gement, is t,lw transfer fiiiictioll. Tliis 

rout,ine is not working fbr practical purposcb::. Once nhat,t, has been fully debugged. the ACME call 

reacl~ its full pot.ent,ial ililcl st,a.rt esperilnent.ing wit,h ot,her call processing rout.ines such as 

ca l l -p ickup  for voice inessaging syst,enls. The forward program, described in section 5.3.4 call Ijc 

deployed 011 a 1i1rgt.r scale. Perhaps this ih a good first client application for prol)lt' to iiltrodi~ce t l i (~i i  

to ~ c 1 1 1  i i i i \ l i i ~ ~ ~ l i ~ ( ~ ~ ~ t  f ~ , l i l  a workstatiou. 

10.4 Miscellaneous 

llillllrs iuto 11111111)er:, ili~(l viw Vt'l'hil. C ' ~ ~ r r ( l ~ ~ t l y  the ( l a . t 8 a 1 ) ~ ~ r ~  are ( l i s t r i l~ l~ t~~d  0 ~ 1 ~ 1 .  >('\.('rill lociltioi~h. 

Eilc.11 scrvrr 1)rocws liah 11se3rh in it.s own tlari~lmw. Ho~wver. t.lierc is consitleri~l)lc ovc~rlap ill 

i i~for~~lat iou Iwtwcri~ t,llcb various tli~t,i~l,asc~ 11wt1 by tllc. tliff'crent srrvcbrs. 111 t.hc3 iutcwst of' tli~ttlI)s~<' 

consistcnc!-. thih iilforil~nt,ioli should I)c stor<d at oilc 1ocat.ioli. 

AC'kIE ib c~lrrently coimecting t,o tl11, 1ocat.ion scmw for illforini~tioil on tl~t,  locat,ioii of i1 1lsc.r of 

ii~trrc-ht I~v(.;IIIx~ at, the* ~)rc*sc.i~t t.ii~icb thc. ;rcti\.it.y scsrver is uot rol)wt (~uoug11 f i~r  11hc.. -1s wils ilrg~ictl ill 



latter ACME. However, there are situations when it is useful for an ACME to monitor the events of 

another DN though not necessarily manage it,. For example, a user may be more inclined to receive an 

incoming call if he knows that his secretary is already busy on the phone. Thus the phoneserver may 

offer t.wo different classes of registering interest in a DN - managing and ~nonitoring. In both classes, 

clients receive the event packets of interest but only in the managing class is a client. allowed t,o 

manipula.t,e t,elephony services of a DN. To prevent. race condit,ions, the phoneserver simply has t,o 

r e h c t  the nuinher of ma.ilaging classes t,o one per DN. 



Chapter 11 

Summary 

-4 sys t t~i1  was Intilt. t o  ena l~ l r  distribut.ed call proccwing by intcri ler~\~~0rkii1~ i11 a llvt.erogwrot~s 

comput~iilg and  telecoillillullicatioils environinent~. By int.egrat,ing t.lle workst.at,ioil ill t.rlephoily. a lwtt,er 

1ist.r intrrf'ace t,o advailcecl t,rlecoillllluilicatioils services mas provided by providing nn1.u.c otdded iiet,work 

services tha t  focused on service cont,rol. By dist,rihut.ing call processing. iilt,elligrnt call inanageinent. 

agcnts tlliit could inotlel the user could part,icipate dynainically in call procesuiilg. 

-1 plloncwrvrr u-as dtw>lopetl t,o ena1)lr tlw pla.t,forin tlescril)cd aim-c. It 1,ritlgctl client 

ilpl>lici~ tioils i11 t,lw complit~iilg ~vorltl t o  tllc call processing servicrs avai1iil)lr 60 a11 ISDK 1)asic rat(. 

ii1tc.rf'ac.c.. -1 clicmt sof't~varc lillrary Ira3 t lcr~~lopcd to illtcrf'i~cc c.licut alq)liciltioils to t .h '  1)1101icwr\-~~r 

tlirougll inter-procesh colilmuiiicntioils. .ill appliciitiolls <It*\-cloprd by t . 1 ~  Slwecll C;ro\ll, 11sccl il 

( ~ l i ( ~ i ~ t - ~ ( w x ~ r  iuodel t111(l rail t~syi~cl~roi~ously .  

l)ost-l)ro(.(~ssiilg ill thc -1C'hfE to rvso l~e  coilflicts. 

-1 1 .111~  sort,iug nlgorit.lml was tlt~vt~lolwtl in t,llt. -4C'h.IE. Tlw sort Ix-il:, 1)t~rfi)rilicd t,o or(l(-r t .11~  nllrs 



alleviate the problem of predictability, a Show Rules button was designed in the Phoneditor to display 

how the ACME is currently interpreting the rule set. 

Some proposals were made about how to extend this work and how this work will fit into future 

teleco~n~nuni~at~ions networks and, in pahcular, personal communication networks. 
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Appendix A 

Configuring the Phoneserver 



A. 1 Enumerating the Event and Command Structures 

The event structure is defined in the file /u/desk/src/isdn/event.h. The command structure is defined 

in the file /u/desk/src/isdn/CLIENT/pserver.h. The structures shown in Figure 5-1 and 5-2 are 

associated wibh t.he define variables sl~own below. 

/* f o r  event  s t r u c t u r e  */ 

# d e f i n e  STATE-LEN 3 

#def ine  MAX-CA-LEN 3 

#def ine  ISDN-CALL-INFO-LEN 8 

#def ine  MAX-DN-LEN 20 

#def ine  MAX-NAME-LEN 48 

#def ine  LOCAL-DN-LEN 6 

/* f o r  command s t r u c t u r e  */ 

#def ine  CMD-SIZE 2 

#def ine  MAX-CA-LEN 3 

#def ine  MAX-SRC-LEN 20 

#def ine  MAX-DEST-LEN 20 

A.2 Call Appearance States 

#def ine  UNKNOWN-STATE -1 

#def ine  WILD-STATE - 2 

#define NUM-STATES 13 

#def ine  REG-idle Ox0001 

# d e f i n e  REG-held 0x0002 

#def ine  REG-active 0x0004 

#def ine  REG-incoming 0x0008 

#def ine  REG-dialing 0x0010 

#def ine  REG-activated 0x0020 

#def ine  REG-deactivated 0x0040 

#def ine  REG-pending 0x0080 

#def ine  REG-local-hold 0x0100 

G-l 



A.3 Interest Structure 

Xt s tar tup time, the  phoileserver initializes a n  array of pointers, called ca-pt, with each pointer 

pointing t o  a n  empty linliecl list ( s h o ~ ~ n  in Figure A-1 ) r e p r ~ s ~ n t i n g  the intercst of a clicnt. Since the 

C'A ficM in t,he Supplemelit,ary \Toice Service protocol is only t,wo hyt,es. t,he maximum array size is 99. 

Tlw first t,wo fields en t i t y  and  ~ s ~ ~ L - c ~ L ( I , I L ~ I L ~ ~  itre LWCI wheu co~ilill~~llicat,ing: ~ i t , l i  illlatt,. The  iwst two 

ficlcls, c.u.rrent-stnte and req.u.este(1-atr~.te. liolcl t,lle st,a.t.c of t,lw ca.11 appearance. wllich is assumed t.o he 

i d l e 2  a t  st,art,up t.ime. The  field to-msg-list is a point.er t,o a list, of all the int,erest of t,lle client,. 

s t r u c t  ca- to l in l i l i s t  { 
i n t  en t i ty :  



struct ~nsgsocklist { 
int msgsock; 
interestlist *gqi; 
struct msgsocklist *nest; 

} 

struct interestlist. { 
char get-ca[MAXCALEN]; 
int quantity; 
int interest: 
struct interestlist *nest; 

} 

Figure A-2: Interest Structures 

there is a match. then tlie entire event structure is sent to the client ident.ified by tlie tnsgsock-list field 

in the msgsock-list struct.urtl. 



Appendix B 

Configuring the ACME 

Bef'ore csecut,iilg ACME. uscrh sl~oulcl set, ul) a rollfigurat,ioii file and define ail ellviro~iiilciit varii11,lv 

called MY-DN t,o Iw tlle DK they ACME t.o manage. If MY-DN is not defined the user inay eilt.er it 

as a coiilmand-line o lhon  or else lie will be risked t,o enter it by ACME. MY-DN is also used as ail 

est,eilsioii to the file . acme-rules. <DN>, show11 ill sect.ion B.1. i11 the root. direct,ory of t,litl user. If t,liis 

file does not exist. -4ChIE will creak oilc wit,li t,llr key word begin a t  t,lw t,op Imt. no rules. Tllc. 

c~mfigurat~ioii file. slion-11 ill scv-tioil B.2. is used ~rllcw a user wishes t,o niaiiage nlorc, t,llali on(. DN froin 

a siilgle iliacl~iiic.. Tlw tilc nial)s a DK into i\ relative port iiulilber used by the .4Ci\IE to colnniuilicatc~ 

B. l  Sample Rule Set File 

Filename: .acme-rules.<DN> 

begin 

IF t h e  l o c a t i o n  of m e  is my-office THEN transfer the call t o  where I am 

after 1 seconds 



IF the  c a l l i n g  pa r ty  i s  not f r i ends  THEN t r a n s f e r  t h e  c a l l  t o  voice mail 

a f t e r  1 seconds 

IF the  c a l l i n g  pa r ty  i s  speech-group THEN t r a n s f e r  t h e  c a l l  t o  8-8670 

a f t e r  1 seconds 

IF the  c a l l i n g  pa r ty  i s  anyone and t h e  l o c a t i o n  of ccwong i s  Garden 

THEN t r a n s f e r  t h e  c a l l  t o  voice mail a f t e r  10 seconds 

IF the  c a l l i n g  pa r ty  i s  anyone and t h e  time i s  before 12:OO THEN t r a n s f e r  

the  c a l l  t o  where I am a f t e r  1 seconds 

IF the  c a l l i n g  pa r ty  i s  someone I r ecen t ly  ca l l ed  THEN t r a n s f e r  t h e  c a l l  

t o  where I am a f t e r  1  seconds 

IF the  c a l l i n g  pa r ty  i s  anyone THEN t r a n s f e r  t he  c a l l  t o  voice mail a f t e r  

1  seconds 

IF the  time i s  a f t e r  18:00 THEN t r a n s f e r  t h e  c a l l  t o  where I am a f t e r  0 

seconds 

IF the loca t ion  of ccwong i s  352 THEN t r a n s f e r  the  c a l l  t o  8-8670 a f t e r  1 

seconds 

IF the  s t a t u s  of my phone is  ac t ive  THEN do nothing 

B.2 Configuration File 

F i l e  name: .acme-config 

B.3 Alias Files 



name inlmediat,ely follows the a l i a s  token and than the alias list. Each member of the list must be 

deli~nit,ed by a coma. 

F i l e  name: .acme-rooms 

alias my-of f  i c e  352 

F i l e  name: .acme-group-names 

a l i a s  f r i e n d s  P h i l ,  B i l l ,  Marilyn, Ca r l ,  Angela, Stephanie 

a l i a s  important-person Geek, Marilyn, P h i l  

B.4 Protocol between ACME and the Phoneditor 

The Plloiiedit,or can send t,llrre coillinands t,o ACME: update. s l e e p  aiitl wake. They are tlefinetl 

ASCII strii ig listed l~elow. -4ChlE will either ac1;no~~letlge t.lie successful co~nplctioil of t . 1 ~  ~ ~ i l ~ i ~ i i ~ i l d ~  

or if' tlic coil~ili;~ntl fails. .kC:h,IE will seiitl Imck a iiegat.ive arlii~o~~1etlgrn~c.1it.. 

/*  Phoneditor t o  ACME messages */ 

#define UPDATE "up" /*  reques t  ACME t o  update r u l e  s e t  * /  

#define WAKE "wa" /*  request  ACME t o  wake up */ 

#define SLEEP " s l "  /*  reques t  ACME t o  go t o  s l eep  * /  

/* ACME t o  Phoneditor messages */ 
#define ACK "ack" /* acknowledge t h e  update request  */ 

#define ACK-WAKE "acw" /*  acknowledge t h e  wake reques t  * /  

#define ACK-SLEEP "acs" /* acknowledge t h e  s l eep  request  * /  



Appendix C 

Lex and Yacc Description of 

Telephony Language 

C.l  Lex File - token.1 

[O-9 : 1 + return(T1ME) ; 

[0-9-]+ return(DN) ; 

"the person" return(A-~~RsON) ; 

"anyone" num-of-anyones++; return(ANY0NE); 

"and" and-flag = TRUE; return(AND1; 

"begln" return(BEG1N-TOKEN); 

"my calendar" return (CALENDAR) ; 

"pick up the call" return(~ALL-PICKUP); 

"the calling party is" return(~~LL1NG-PARTY), 

"convey the following message" return(C0NVEY-MSG); 

"drop the call" return(DR0P); 

"do nothlng" return(D0-NOTHING); 

"hold the call" return(H0LD); 

"if" return(1F); 

"IF" return(1F); 

"is ~ n "  return(1S-IN); 

"log the call" return(L0G); 

"is logged in" y y l v a l  = 1 ; retllrn (MACHINE-STATITS] : 



"is logged out" yylval = 0; return(MACH1NE-STATUS); 

"I'm away from my office" return(MY-ACTIVITY); 

"not" not-f lag = TRUE; return(N0T) ; 

"from off campus" return(0FF-CAMPUS) ; 

"from on campus" return(0N-CAMPUS) ; 

"after" op-var = 0-AFTER; return(0PERATOR); 

"around" op-var = 0-AROUND; return(0PERATOR); 

"before" op-var = 0-BEFORE; return(OPERAT0R) ; 

"or" return(0R); 

"page me" return(PAGE); 

"on hook" return(PH0NE-STATUS); 

"off hook" return(PH0NE-STATUS); 

"someone I recently called" return(RECENTLY-CALLED); 

"says that" return(SAYS) ; 

"second" return(SEC0NDS); 

"seconds" return(SEC0NDS); 

"the status of" return(STATUS); 

"the machine" return(THE-MACHINE) ; 

"my phone IS"  return(^^-PHONE-IS); 

"the tlme IS" return(THE-TIME) ; 

"then" return(THEN); 

"\nthenM return(THEN); 

"THEN" return(THEN); 

"\nTHENN return(THEN); 

"transfer the call to" return(TRANSFER); 

"voice mail" return(VMA1L); 

"where I am" return(WHERE-I-AM); 

"notify me by a pop-up window" ~ ~ ~ ~ ~ ~ ( w I N D O W ~ N O T I F I C A T I O N ) ;  

\n return ('\nl); 

quit return 0 ;  

[a-zA-Z--I+ return(NAME) ; 

[a-z] + return(MACH1NE) ; 

{qstring) return (QSTRING) ; 

' 9 



C.2 Yacc File - parser.y 

%token A-PERSON 

%token AFTER 

%token AND 

%token ANYONE 

%token BEGIN-TOKEN 

%token CALENDAR 

%token CALL-PICKUP 

%token CALLING-PARTY 

%token CONVEY-MSG 

%token DN 

%token DO-NOTHING 

%token DROP 

%token HOLD 

%token IF 

%token IS-IN 

%token LOG 

%token MACHINE 

%token MACHINE-STATUS 

%token MESSAGE 

'/.token MY-ACTIVITY 

%token NAME 

%token NOT 

%token OFF-CAMPUS 

%token ON-CAMPUS 

%token OPERATOR 

%token OR 

%token PAGE 

%token PHONE-STATUS 

%token qUOTATION 

%token QSTRING 



%token RECENTLY -CALLED 

%token SAYS 

%token SECONDS 

%token STATUS 

%token THE-MACHINE 

%token MY-PHONE-IS 

%token THE-TIME 

%token THEN 

%token TIME 

%token TRANSFER 

%token VMAIL 

%token WHERE-I-AM 

%token WINDOW-NOTIFICATION 

lines: /* empty */  

I lines line ; 

line: '\nJ 

I BEGIN-TOKEN 

I IF cond THEN action '\nJ ; 

cond: cond-elem OR cond 

I cond-elem AND cond 

I cond-elem NOT cond 

I cond-elem ; 

cond-elem: CALLING-PARTY NOT calling-party-id 

I CALLING-PARTY calling-party-id 

I A-PERSON name IS-IN location 

I THE-TIME OPERATOR TIME 

I STATUS THE-MACHINE NAME MACHINE-STATUS 

1 STATUS MY-PHONE-IS PHONE-STATUS 

I CALENDAR SAYS MY-ACTIVITY ; 



ca l l ing-party- id:  RECENTLY-CALLED 

I ANYONE 

1 DN 

I ON-CAMPUS 

I OFF-CAMPUS 

I NAME ; 

a c t i o n :  TRANSFER place  delay 

I CALL-PICKUP 

I DROP 

I HOLD 

I LOG 

I WINDOW-NOTIFICATION 

I PAGE 

I CONVEY-MSG QSTRING 

1 DO-NOTHING ; 

p l a c e :  WHERE-I-AM 

I DN 

1 VMAIL 

1 NAME ; 

delay:  OPERATOR TIME SECONDS ; 

location: TIME 

1 NAME ; 

name: NAME ; 
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