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Absj;ract 
_________________ --.-_, - -___ -1-_"--______ -_ 

.. 
.... The main objecti~ of this work i~ 10 develop a .onceptual frame-

-, work for the an,:lysis and design'of c,omputer conferencing protocols t 

focussing on connectio'n management. and !!;roup-formation issue~. A 

secondary obje.ctive is to gaug(' the utility of a particular model of 
, -

, , 

parameterized, disçrete communicating systems and its associated 

an alyt'i'c al techniques. The research describes t.hrefi; alternative for­

mulations of increasing cE\lPplexity. Fo-rmal descrip'tions are derived 

for b"ric}ge and' agent processes which represent the distributed, in­

terading components of a conference system. These descriptions are 

analy~e~and verified with automated 1.ools. The architectural, be­

haviouial and computational results for Single- and Two-Conference 

Syst~ms are discussed. A high degree of IJlOdulari.ty, generalizability 

and flexibility is attained in the process descriptions, allowing the 

formulations to cater to any number of conference participants or 

conferences and, a varÏety of èonnection and grouping schemes. At . -
the same tim~, the, model 'and techniques are round to be adapt-

able ~o the formulatio~s and able to deliver expect.ed results in a 

tractable, compact and efficient fashion. , , 
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. Sommairé 
----- -----"'- ------_._--------,----

L'objectif premier de ce mémOlle est de développer ,un fondement 
, . 

conceptuel pour l'analyse et conreption d~\ protocoles pour la té-
l 

léconférence informatIsée. avec empha.~e sur J"aduunistration des COI1-
, , 

nexions et la format.ion de groupe::.. Ce ~némoi.re a aussi comme 

,deuxième objectif d'évaluer l'utilIté d 'un .modèle paramètnque de 

système de communications di&cretes avec ses techniques d'analyse. 

La recherche décrit. t.rois formulations alternat.ives de complexité 

croissante. Des descriptions formelles sont derivées pour les processus 

(( po~) et (( ageRt~ ll, qui representent-les composantes interactives ~ 
et réparties d 'un sy~tème d~ iéléco~férence. Ces descriptions sont 

analysées et vérifiées au moyen d'outils mécanisés. Les résultats au 

niveau d'architecture, de comportement et de calcul pour des sys-
G 

tèmes de téléconférence simples et doubles sont discutés, Un haut 

degré de mod ü,Iarité, de généralisation et de flexibilité est réalisé 

avec les des cri ptions de processus. Ceci permet d'étendre la formu­

lation à un nombre arbitraire de conférences ou de participants à 

une conférence et à une varieté de possibilités de connexions et de 

formation de groupes. De plus, on a trouvé que le modèle peut, être ,. 
adapté à diff~rentes formulations, et qu'avec les, techniques associées 

il mène aux résultats attendus, d'une façon résoluble, compacte' et 

efficace. 
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Chapter 1 Introduction 
, " 

.. 

, , 

The need for meetings-at-a~ distance, for reasons of time savings, fi.pan ci aI' econ=-, 
orny and/or improved contact, is "Commonplace. Thus, there is growing vractical ' 

interest in the construction of interactive (real-time, computer-assisted, multi-media) . . 
çonférencing systems for business applicâtions, certain ,.educational sett'Ïngs, military 

0.1 1 

0' \ 

uses, and in fad wherever there is a need for two or more agents (people or au-

tomata) to communicate concurrently towards a commo!) goal. Such conferen'Cing 

systems would supply the resources and operating fran~work, over either wid(·- or 

local-area networks, for agent!:> to form groups and exchange VOlee, textual and/or 

~ . 
picforial information in a (virtual) shared spa ce, a powerful paradigm which has 'becn 

promoted by Thompson Ill.' 
- 1 

A number of trial, first-generation intera<,tive cdrf('rel'\cillg "y~tf'll)h. hased on 

\ 
combinat ions of variou& techn'ülogie&, are descrilH'd in tll(' IitNlltuf('12f - 110]. Among 

\ 

the ac1J\'jties &upport('() by th('1.(' "ptPIll!- art' ~r<Hlp prohl('III-kolvin~ llnd d,.ci"ion- !l 

makmg, computer-aided ~le!:>l~n. t('\f·tlltorJn~. docufllf'nt editin~. and rollflhorl\tivt' 

- 1 - / 



• 
o 

( 

, r 

" ' 

~ ,) 

program development. al! of which are form~ of what Meyrowitz and van D~lll tenll 

distributed-knowledge work [l1i. 

1.1 Motivation ana Goals 

u 

Experience suggests th~t there may be hidden difficulties in the design of complex 

communicating systems. In the case of interactive conference systems, su ch problems , 

as cansistency and synchronization of the database, tr~atment of acknowledgements, 
\ ' 

flow control, response time, and connection issues are mostly unexplored. 

1 
-1 

Little of a theoretical natute is avail'able in the literature, with the exception oft~e 

- ' 

important and extensive oontribution of Sarin's work [12J. Sarin explores many archi-
" -, .' ~ ~ , 

tedural concerns, communication stratégies, a~d performance issues. Two prototype 

systems are implemented apd a third is praposed. Although communication plays a 

part in.these prototype, no attempt is made at formai a~alysis ~r logical verific-ation 

af the methodology us,ed. The ernphasis, rather, is p)aced ~n timin'g and/or sequenc-

ing of exchanges between controlle.r and' co.nierence participants. In another paper, 

\ 
Rea [13] studies information transfer in a small é'Ûnference syste!ll with the objective 

of attaining mutual exclusion- in the broadcasting of an uninterrupted st:ries of data 
J ' 

pac~ets by either of two terminais. The management' of both positive a;'d' negative 

acknowledgements, induding filtering routines, for multicast systems is evaluated by 
, ' ,/ 

., Mockapetris [141. Parda and Liu present designs for severa! multidestination com-
o ' 

- . ~ 

munication 'strategies far use in distrib'uted systems 115]. Lastly, Birman and Joseph 

1 
2 -



-1 
[16] deal with 1he probleU1s of rdiable group communica1ion under various 1l10df'~ o~ 

1 failure. 

\ 

Perhaps as a resuH of, perhaps III spite of the lack of theoretlcal research, standard 

service descriptions, and design (realization) techniques for conferencing protocols, 
(' 

the need for conferencing systems has pro~llced the implementations noted earlier, 

largely comprised of available products and services glued together on a relatively 

ad hoc basis. Therefore, it would be appropriate to formally model and analyze 
( 

conferencing systems, with the objective of gaining insight into the behaviour" and 

thus, the design considerations of such systems. Recent attention by international 

st.andards organizations to the topie of conferencing and the underlying r,equirement 

for multipoint/multicast services, is further indicative of the timeliness of this project . . 

The term multipoint refers to the combined physical interconnection of more 

than two agents, while multicasting denotes the logical or functional relationship held 

~ 

hetween agents and is based on àddressing {acilities. In the present work, the basic 

multi'point/multicast connectivity problem is undert~ken wi~h the following goals: 

, i 

• To develop a conceptual ffil.luework and _a not~tion, in terms of distributed 
processes, for describing the connectivity of agents în conference groups; 

• To gen~ralize the above results to handle conferencing systems of arbitrary 
size, while exploriRg the application of parameterization; and, 

- . 
• To ascertain the effectiveness of a set of automated tool5 in studying and 

verifying the process descriptions generated from the above two steps. 

" 
Certain limitatio:Qs will be placed on the seopg of t)1ese goals once some prelirni· 

- 3 -

1 

o 



."....-- --

&-

o 

.If .~ 

nary ideas are dealt with in the following section .. 

l ' 1 
l ' 

1 

1.2 Basic Concepts 

The study ~f most systems. whether for analysis or synthesis, begins with the . .. 
decomposition.of that system into a set ofintera~t.ing subsystems or processes. Thus, 

for simplicity, thê' ronceptual confere!lce model chosen consi~ts of two processes (see 

Figure 1.1): an ÎIltelligent bridge or meeting room that q,elivérs virt.ual N -way con-

nections and is capable of performing predicate-based atomic tests, and, an arbitrary 

number of conférence agents or participants. The agents may connect together in 

" 
star configurations to form confe-rence grtmps or meetings, by means of the ~ridge. 

Interaction or çommunica~ion betwee~e bridge process and the agent ~rocessesl as 

weIl as between the composite system of the two and the envitonment, is achieved . \ 

. through discret.e me~sages or stat.ements. The synt aJ.(: , semaptics and relationships 

\ 

governing these messages ~efine ~ protoco( or rules of di;alogue. In effect, this pro­

vides the basis tor muItipointjmulticast connection servj~es for users, and includes 

point.-to-point <tonnections as a subsidiary function. 
,) , 

• 
. A single lfridge process could handle several multipointjmulticast conferences at 

~ -
once. Within eaeh confeJ:.ence, çhannels may èxist tq cat~r to di,ffeiently characterîz~d 

o • 

data-streaD;lS. For example, a stream for control and voiet, a second for real-time - . 
. shared-space interactions between agents, and a third for slower hulk file transfers, 

would he suitahle for many applications. Such an op~ration tou.ld be accommodated 

on the 2B+l? ehannelizeq subscriber access vehicle of the ~ntegrated Services Digital 

- 4 -
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Fig. 1.1 ISO L~ered Architecture for Open System 
Interconnection 
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( 

.' iIt'. ~)., 
- -

, : 

\ 

. ,,\', 
\ 

.. 

Network (ISDN) [I i]. In fart, sharf>d.-spaC'e conferenring has already been sugges1:d 
; , 

as an application for ISDN [18j. 

A variéty of C'onnection or C'aH est.ablishttlent scenarIOS are possible, depending 

on t.he init.iator of the connection_ Most cOllunonly perhaps, an agent identifies i~self 

and initiate~ a c'onference by -receiving, ma:nipulating, and passing on an appropriate 

servjc~..reque'st ,message from its environment to ,thê bridge. Once the request is 

accepted, subsequent requests are made to the bridge for the inclusion of other target 

agents in that conference. This procedure is termed DIAL-QUT. Other scenarios 

are .also pos!lible including MEET-MB, where an agent l'eeks permission and joins an 

q 

existing conference. 
\ ' 

'\ 

As stated earlier, very little has as yet appeared in the way of international stan- -

dards for ,conference' systems (inter_a~tive or not). The relationship of a protocol 

(1 , 

which provides basic multipointjrnulticast services, as well as more advanced con-

ference management features, to the Open Systems Interconnection Basic Reference 

Model is unclear [19]. Although the layered architectu're of the Reference' Model, 

di~played in Figure 1.1, has allowed for multipoint'jmultfcast facilities in the forrn 

of deceritralized multi-endpoint connections, there is sorne confusion over details for 
/' ' .. 

its use [20]. It is trnost likely that, given the Reference Model is rather well-defined 

, " , 
for point-to-poi~t connections, the basic services and more advanced conferencing 

features wou~d fit as sub-Iayers of Layer 7 (ApplicatIon). 

- 6 -
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For the- present research, only the bridgt>-agent protocol, and a set of ba.,ic, pri· 

mary, services ar~ investig~ted. leaving asi'd(" bridge-bridge communÏcé;Ltion for future 

study. A numher of further limitations are i,mposed. aB of which help contain the 

complex~ty of the task at hand: 

• no pro.bes of or acknowledgement.s to target agents are irnplementedj 

" • the initiator or a conference, the chairman, controis that confèrence untii 
i-ts> cle;ring; 

.' disjoint conference groups are used, with unique names for agents andocon­
ferënces; 

• information transfer is not modelled; and 

• only a single 'channel is implemented for each confe~ence. 

1.3 Outline 

-~ 
...". Having l?riefly delved into the background fQr interactive conference systems and 

",) ; ...... 

/ 

• 

considered the 'motivation for the current work, the following chapter surveys formai .. 
description techniques and details the mathematical foundations and analytical tools 

which will be utilized for the ensuing venture. 

/' 

Chapters 3, 4, and 5, describe three sueee;~ively mort: intricate and flexible for· 

mulations for a conferendng system. Ail solieit sQme degree of pararneterization. The 

respective' results of the application of automated too]~' t~ these formulations are al60 

pteseIited. 

Finally, Chaier 6 summarizes 'the findings t stat~s tht' gen~ral c~~r~u8ions ~nd 
. , 

provides sorne remarks regarding possible future ext~nsions ~f this:work . 
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Chapter 2 Modelling Approach 

o 

-'J'he prese~1 chaptér is mainly devoted to familiarizing the reader with the var-

ious formaI description techniques (~DTs) used in the modelling and analysis of 

distributed or communicating processes. Such formalisms at.tempt. .1,0 overcome t.he 

c ambiguihes and inCOÙ'lpleteness of informaI methods (e.g. natural language sp~éifi-.. 

cation) and, often lead 1.0 compact and mechanÎzable descriptions. Thus, it. is not 

surprising that many FDTs have foun~ application in the description" of communica-

tion protocols, since protocols may be regarded as process~s. c 

f 
1 

The chapter begins with a general discussion and categorizat.ion of FDTs. The 

particul~r FDT ~sed for the current task of studying conferenclng syst~ms, originat-' ': 

ing from an algebraic model of Discrete Communicat.ing Processes (Dep), is then 

introduced. LastIy, a set of automated tools based on DCP are outlined. 
, . 

, . 

2.1 Overview of FormaI Description Techniques 
'l'" 

" , 
. 7'here are two major approaches to the formai description of processes, with a 

- 8 -
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t.hird being a hybrid of the first two. S~nshine [21] provides a table of the vari-

~ ous t.echniques and t heir chara{teristics. An alternative classification, grounded on 

"stat.e comp'lexity (the encoding of information wit.hin astate) and language ~xpressive 

P"W<T. (--;: en coding of "q niremen' s on· th ... quen ce-or hi" ory of st., es). i s gi~.n by 

Schwartz and Melliar-Slùith [22J. -

• 

( " 

The first approach arises from the basic p,aradigm of a finite-state machine(FSM), 

cOllsisting of a finite set of states and the available t,ransitions to travel between those 

states. Transitions in one process are imagined to occur instantaneously, ",nd may 

be linked to the 'transitions of another process. Danthine 123J represents the FSM 

as ~ 5~tuple, with a finite set of states, inputs and outputs, and state-transition and 

output functions. Processes modelled as FSM's have a graphicai equivafence and may 

be examined thtough reachability analysis, the enùmeration of the reachable sta~es 

in the Cart.esian product state-space of the processes. 

" 
o 

\ , 
FSM-based, techniques appear to model well the control aspects of processes, but 

are completely inadequate, by definition, for (possibly) infinite-state proce~ses. A 

. secondary 'complaint is the phenomenon of state explosion, which js experienced for 

any but the simplest situations. One method of alleviating this diffic.ulty h~s been the 

use o.f context variables and procedures in order to reduce the set of states, but doing 

this Jrequently makes the process less tractable from the designer 's' vit"wpoint. An 

exarnple ... oC an end-to-end protocol moddled as FSM"s may be round in 123]. AnothC"f 

specimen' of a communications proiocol is available in 124J. 

- 9· 
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A model dosely relatt'd to the FSM is the Petri Net. The Petri Net is appealing 

. 
because of its facility for visual depiction of prdcesses. but also lends itself to compact 
". -' '-

matrix represent.ation: The ordinary Petri Net is a graph with places, transitions: 

directed arcs', and tokens. In Dant.hine's terminology 12:l], t,his is a 4-tuple, where the 

sets of places and transitions simulatt' conditions and t'vents respectively, and input 

and output functions rnap conditions- to everts and vice versa, Beginning with an 

initial marking of a graph, a transition is enabled when there is at least one token at 

each of the transitiJ~'s iiiput pl~ces. When ~"transition fires, one token is removed. 
, 

from each input place and one is added to each o~tput place. The state ofthe syst.m 

~ 

is given bj the distribution of tokens around the, graph: . 

. \ 
Petri Nets bring control structures to the foreground, and may be made c.(able of 

modelling infinite-state systems by increasing the number of tokens in a net without 

bound [25}. However, they are still prone to the annoyance of stat.e explosion. Many 

, 
extensions have been developed tû the ordinary Pet.ri Net, including the Coloured-

1 
<! 

Arc [26] and Time [23] flavours. Danthine [23] gives the same end-to-end protocol 
f 

mentioned earlier in t.erms ofthe Petri Net. An additional sample of a communicati,on 
~ 

proto col modelled as a Petri Net is given in the work o(Diaz {27]. 

l , 

The second major approach to formaI description is borne of programming para-
co. ' ~ .. 

digms and high-Ievel languages. Here" t1 procèss is described as a set of assertions 
\ 

or an algorithm. The analysis is performed using assertio~ proofs. This approach 

is usually better suited to the data transfer aspects of processes, but application to 
1 

.. 



o 
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1. 

connection-orient.ed problems is relativdy difficu}t [21]. Sinet" a high-lt"vel lanp;\lag(' 

. 
may b: designed to be universal in~ope. it can extend lUuch further than eÎther 

F-SM's or Petri Nets in modelling power. Nevertheless, t.he ability to do so is limiteù 

by the difficulty of finding and veri'fying asser,tions. Utility -is als~ hampered by ~h(" 

elusivtl'ness of automation for proof techniques, in cornparison to the rather direct 

,..../ 

reachability analysis of FSM's and Petri Nets. Tanenbaum [28] offers examples of 

communication procedures for the data-link layer of 051, including sorne sliding-
" 

window protocols, expressed in the PASCAL programrning language. 
, a \. 

\ 

As it has become obvious that each of the ab ove approaches has its ~~n wan-

ta~es and drawbacks, many researcher9 have opteù for a hybrid approach, combining 

the pest elements of each mo~~l and accompanying analytical mechanism. A work~- \ 

ing' group of the International Standards Organization has been studying a hybrid 
/ 

, ' 

FDT called Estelle, which hàs strong similariti"es to the PASCAL language [291. EI>-

.telle uses a FSM model augmented with context variables, one o( which is the special 

STATE variable, and predicates on thosè variables. The application of Estelle is illus-

~ trated with the Alternating-Bit Protocol. Further proposaIs of hybrid methodologif's 

are"those of [30), [31) and [32]. Sorne investigations of communications protocols; 
. ., 

exploiting parameterized hybrid techniques, are covered in [a:J1 and [34). 

2.2 The Discrete Communicating Processes Technique 

The modelling and analytical technique tlsed for the, ensuing reaearth is founded 
, . 

o 

7 on the Discrete Communicating PrOfesses (DC'P) fonstr-uct of John5ton 135.1. ncp 

- J 1'~ 
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essentially IIlodels a process as a FSM which interacts wlth its environment via dIS-

crete, i~stantaneous messages. Furt.hermore. a proress is treated a; a black box, 

where internaI details are too cotuplex, not of IDt.~~est or unavailable . 

. ' 
In' order to study proc:esses, indud1g communications protocols, it is gener­

ally ne'cessary to have a means of differentiating ~nd comparing proc~sses. Tne 

behavioural or black box approach of Der> readily lends itself to the task l:iy char-
" \ - . 
-)- , -

acterizing prOfesses according to their externally visible behaviour. Thus, when two 

given, processes exhi?it the same pattern of message intercharig/ with. their respec­

" tive environments, as viewed by an' external ~bsetver, the pro cesses are considered 

equivalent. 

ln this context, a process evolves by offering to exchange only one of a fixed set 

of messages with its environment (which may include other- processês). The model 

1 

assumes that the source and the destination of the message are synchronized such 
" 

-
that both await the occurrence of the communication event, and then progress simul-

1 . h . . ( 1 A h taneous y wIt translt.1ons to new states or successor processes. s eac state may 

offer a different pattern of bel1aviour, states rnay be thought of as distinct processes. 

Hence, notions of process and state becorne interrningled. 

\ 
DCP'shares all of the abo~e primitive notions with its close relative, the Calculus 

, IJ! • 

of Communieating Systems of Milner (36). DCP, ces and Hoare's Communieat.-
~ 

ing Sequential Pro cesses [37] allow for the rnodelling of concurrent processes, and 

- 12 -
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\\it.h value-passing, infinite-stale syst.ems. Of tht' IlHee. DCP is highly amenable to 

automation. 

, - , 

In DCP, a process pis defined as a seLof ordered pairs, < communication evenl, 

". 

successbr pro,cess,2', where processes are expressed in, t.erms of other pro cesses , a.s 

follows: 

p , .. ~ .. , < en, Pn ,> } 

\ 

-A tree-base graphical interpretation is given in Figure 2.1(a), where the no de 

p is a. process, th directed arcs el! ... , en are communication events, and the nodes 

Pl, ... , Pn are the ~espective successor processes. Alternatively, algebraic, matri~ or 

state-transitio;n diagram representations may be utilized. It is noteworthy that the 

graph of a finite-state process would have a finit.e set of nodes. 

Sorne pro cesses are fully known or predictable and are said to have deterministic 

behaviour. Figure 2.2 gives an exarnple of a deterrnjnistic Client process, which Te-

qu'ests a resource unit, and upon receipt.jof that ~nit, continues hy makmg a rf'quest 

for â second, indistinguishable unit. Once it holds lwo units, il returns them one al a 

time ta x;each its initial (ernpty) state. In cont ra~t, many processes are elther difficult 

to model or are inherently unpredictahle. The~(' are bald to he nOl/-deterlllimstJc. A 

case in point is the Client process Illustrated ln Fip;ure 2.3, whjch }!RS the rRndom b{·· 

haviour of returning the first unit. or dt'vf'lopin~ a!o> befof(' to f('qUf'ht th(' !o.(·(,oIHI unit. 

Whereas a deterministlc procebs has ortf' S\J('('('bbor l>foees" for ('Reh cOllllllunicatlOn 
~\ 

- JJ-
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(a~ A Deterministk Process , 

(b) A "Non-Deterministic Process 

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

Fig. 2.1 GraphicaI Interpretation of Processes' 
" ~ 
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Fig. 2.2 A Deterministic Client Process 

Fig. 2.3. A Non-D.ttorminiltl("' C1I("nt Pro~(" .. 
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event. (Figure 2.1 (a)), a non-~et.erministic process has severa! sunoessor processes for 

a glven communication event- (Figure 2.1(b )). The two Client pro cesses of Figures 

. 
2.2 and 2.3'are stated below, in recursive fashion, wlth the extra transition due, to-

" . 
1he non-determinism shown in bold (following Hoare's .notation [37], • indicat.es an 

output event 9nd ? indicates an input eve~t): " 

, 
f- O = { -< •• q , c_Oq > } 

, c_Oq { < g ? , 'c_lrn \-, .<' g.1. c_1r > } 
'\ 

c_lrn -= { < ~ • c_lq > } 

c.lr = { <, r" , cO > } 

c_lq - { < g 7, c_2r > } 

'c.2r { • c_lr } ::: .< r • > 
e 

Thu&, In the nôn-deterr.mmstic sit.uation of Figure 2.3~the occurrence of the com-
o • 

, 
mumca1 ion cvent 9 ( allows the random seledlOn of a successor process frolU the two 

available. 

Thcoconsidcratiol1 of the relafiol1ship between t.hese t,wo example syst.ems le~ds to 

o ' 
l, 

the d~sire, C1ted earlier, for comparison of processes ~nd indeed to the idea of a proccss 
" 

\; 

ordering mechanisllI. For this purpose, the partial ordeliing relat.ion S; is identifird., 

III t.he two examp]cs of tht> Client '~Qcèsses, clearly tpe' second is able to b~have 
, , 

as the first; but, t.he converse is not/true. That is, whiI'e both processes are able to 
D 

requ~t and return up tà two ;esource units, one ai a time, only the non-deternlÎnistÎc . , 

Cliene ~~ss can reque~t and ~etur~ a single reSOUf('{' unit WiÙlOUt. contmuing the 
" ." 

. "' 
•. J. 
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conimunication for a second f(':-our<,1' uuit. If th,· fir ... ' PWCf'''!- WHS J1llll\('t/ q "od ,h,."~ 

'" 
second p, the relationship hetwf'en tht' tWCl <,oul<l })f> wriUf'n a~: , 

Il ':: q 

1 ,l' 

Again 1\ graplucal interpretation i::. po~~iblt' (pr tlll~ n.ll\ti;~n.1/ ht'ÎIl!l: a hllh.trt't""\r hUI.-

'tliagram of p. with correspond(,l\c~s ex tf'uding oVl'r t ht' cOllllllunin\t ion t"V("lIt~ ( proe(,fI~ 

names may be different.). Thf' rela.!i~n I\lso hrin!l:!- forth 1 h,. Id,·It:, of Il;m,,JIl';oll. p 

mimics all the actlOns of q, and COli t,W11l1t'1l , • l' Will éun, t hf' !oub 'r("(' ur hlïh.djll~rl\lll 

of q. 
.. 

If the relation q ~ p had also held, tht'n, sin('r t 11(" rt,lation is r~n("xiv(", trAJlllitiv(" 

~na antisymmetric, an equlvalence ~ould bt' IlIIplit'd. lU. follùwlI: 
II' 

p ," q A q • P , '1 

< 
The eqUlvalencf' relation creat("~ il partition of rqUlvakll(f" d"Io"f'1I 011 pfl)(,t"III\t"~. 'l'wu 

/" 

-
processf'S are then considert*d f'qUlvalt'nt if tlu·)' hl'lonJ( II) lht" Ii"nu" (,,(pliVlllrnr(" dMf-, 

" an"i1 thus ("aeh offt'rs prf!!ciseJy tl)(' ~alllr brha\'ioural pUIIMbllitlt"!I. A (ull Il,ùJ r3('t'II,,"1 

exposition on ("quival("h(,f' dal'lif'!> llIay br fouJull;n :ix 

Finally, the t'xie'nslOn of thrl>(o rrmef'pho 10 IIItf',fOllllf'dlOlI woulfl br "dvantl\' 
Ij. 

1 

gfflUS, Th,. goal of intrICOJl n('ct Ion in "yr.tf'ru ~ dt""I~n Î~ to p,,.did t hr h,. .. " V;(JtJr ur 

th('s~ ('vrnh or port!! (rom lhf' rxtNna! oh~rv('f. In {Jel'.'" ln Mlhu"f" ('C'S. th"}11 

_. 17 
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accompli shed ip two steps, using two distinct operators in orde.r to retain,the pr,operty 

\ 
of associativit.y, The subj.ect is touched upon in greater detail in Subsection 2,2.2.. 

2.2.1 Mathematical Foundations 

'. ' 

The first st.age in establishing the mathematical found~tjons for DCP is 1 he for-

mulation of a process ,space. This is accompli shed with the - aid of the t.heori~s of " 

partial orders, latti~es and fixpoint semantics. The deveIopment~ is detailed in [35], 

and follows the outlines of [13J and [39J. 

~ . 
Letting a set. PE denote the set. of aIl processes that exchange messages fralll a 

finit.e set E, and accepting that. ally pEPE is a set of ordered pairs, ~ communication' 

event, successor process > as before, then p must be a subset. of the Cartesian produd. -

E x PE' This Blay be expressed as, 

pEP (E x PEi, 

where P is the power-set operator. As this applies for any pEPE, then, 

Any element of P (E x PE), being a set of event.-process pairs', could also be imagined 

to be a process, and hence: 

<1>' 

P(E x PE) c PE, 

, ' ... 
leading to the assertion, 

, 
l' 

PE C P (E x PE) A P (E x PE) c PE- =::;.. PE P(E x FE)' 

,'"4 ~ 18-
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For re~sons of cardinaJity. hOwt'\(·r. th" daim ('aJlllol IH' sitti~fi~d hy l\ny Pf.." IU'fOr(l· 

ing t 0 Cantor's Theorem ltO). T.hi!- ditticulty i~ ahridg;t'd hy ft'dt"fininp; th" pOWC-f·!\('t 

operator not to indude-a11 possihlt· Sllh,,('b. In~1<>é\(1. th,' ... t't 'P (1-: ' 1)(') i~ pMt i 
- \ 

t ionf"d Int 0 eqùival{·n Ct' r1a~l>t'~ wil h tilt' USI' of pa rt ial nrtlt·rlll~. prod uri n~ 1\ qllot irnt 

of approximating spact's whose li mit , IIlt('rprf'tt'd appropnatt'Iy. Il'> t hl' d('"irrd "pact'. 

. , 

_ p}O). p10
) conslsts of a single mernbt'r, il trrt'oof If'lIgt h O. rf'prt'!lf'nt illll; l\ complrtt'Iy_ 

undefined and unconst rained procebb. Thub, It Îb pos!)i hie to btat(' t hal. 

- ! l', 

/ 

where 

p , "'1' (E • '() , 

augmented wit h tht' hottom ri f'JJ1 f' nI . 1 Thr IWlltil//{ PtPI\(t:' 1'1: '\Po 1 • 'X ,. a!flO 

. 
a partial order with a hottom rlf'lIIt'nt , and 1\ tup rlt'IlIt'lIt '; {tht:' null J)fm't'u. 

elements (rrpresentatJ vrfl) of t hf' dafl"f''' :J!, 

and transitiv~), wh]('h indu(',." 1 ht:' qunt i("nt part ial urdt'r N"t, Pt: _, '. Thf"r .. forr • 

. Iii. 
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set 0 of elément.s in PE has a leàst upper hound (luh), which is also cont.ained in FE' 

A' directed set is one where any two elèments have a lub in the same set. 

\ 

There are two fundamental functions defined over PE. The first. iS t.he pair-

formation funct.ion ei 
\ 

PE -, PE, where ê E E, servmg to prefix a proc,ess p with 
, 1 

the event e. That is: 

, e; p = { < e, p > } 

The s~cond one is the alterntj,ation function + P~ x PÈ ~ PE, which aggregates 

h-ehaviours and ma.y he interpreted as set union. For exarnple: 

is a process containing the beh~viours of either p or q. This Îs the greatest ]ower 

bound (glb) of p and g. --

Both the-pair-formation and alternation functions are monotonie and.continuous, 

preserving ordetin~ and least upper bounds. A number of useful properties, due to 

, J 

the partial order nature Of PE, may now be identified, Although proofs are omitted 

for brevity, the interested leader is directed to [Û>] for elaboration. The properties 

are: 

• 
• 

• 

l , .... , 

:1:1 + ... + XN ~. e ; q ~ Xl ~ 6; q for sorne i. 

The glb of any set of processes exists. For { p, q }, where p,q' E PE, it is 
given by p + q . 

Vp E PE,P = ~I e,; ql' where the summation OCCU1S over ~l e ; q >' p. 

. 20'· 
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A process p E Pt' lS ter'rlu"d fillitt·ly-hranchillJ.!: if il ('Rn be c\enolt>d I\.'i a finitr SUIJI-
1 " , 

of elements. €~ q E PE, or: 

.\' 
P .::. ~ c, :1./, • for fin,llt· N. 

1:: 1 

Finally, it may be shown that fini~e-state prOCf'M,e!> call b~ uniquely of canonkally 
, ' 

specified as fixpoints of continuous. multi-dimensional fllnctions which art' c1irt'1'tly 
, ) 

built from the preceding fundions. Th .. ratIOnal<' der1v('s (rom Ill(' Fixpoint Tht'ory of 

Program Semant ies for com pIete partIal orders :41). and t h(' avaHahiltty of 1I\()ÎlOtonir 

and continuous functions, defined upon them of th .. f()rm F 

2.2.2 Process Operators 

Operators or functions are, rt'quired to be lI1onotoniC' and continuolls in Ordf"f 

to guarantee the existence of fixpoints. An tntuitiv'f')Y app<"aling function to hf"Rin 

with is process if\t~rconnf'ction, wtllch pNlllit!> t h(' formation of )l\rRt'r sy"tf"ITlII frolll 
\ 

component processes. The .. operator ïs uhed for thi!> pllrpOM·, l)("ing df"fint"d rôr the" 

moment as;, 

y .. q .. R ( p Il q ). 

It May be seen that the • operator ('an hf" indirt"('lIy obtained via lht" {J ahd R 

operators. The first of tht"se, tht' ll-produ('l or Asyn('hronoui ('ompo.ilion op~rator. il 

p Il q = 2: C, ; ( P, i} q ) ~ L'!): A p il qJ ), L ( Pl Il 9' ) 
) t'Qf'I': •• 1 

• :! J 

/ 
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In this recurSIve expreSSIOn, the terms 2::/ fi ; ( PI lJ q ) represent the sum 
\ 

of 'possible events, e, post-fixed win!! or?, which ean be exchangeù between 

process _p and the external environment, with the [J-produd resuIlling as_ P, l] q. 

The terms ~J eJ ; ( P [J qJ ) indicate the analogous case for q. The latter terms 
" 

2:coet" k 1 - ; ( Pk D ql ) denote an internaI exch.ange or trace event between pro-, Q.-

" 
cesses P and q, from which the [J-product resumes as Pk [J qI' The trace events are , 

J' 

those events which appear in the event sets of both ,processes. In oth~r words, these 

. 
are event pairings which are identical in name (the name is retained for ease of iden-

tification) and complementary, with one event having the! post-fix and the other 

the? post-fix. AIl other events are present in only one event set and are presumed 

to be directed to or from the environment. Graphically, solid lines are used to repre­

sent e~ternal events, and broken ~ine~ represen aç.e events. Further details of this 

definition may be found in [35J; Milner's I-op ator is almost identicàl [36]. 

The 'practieal effect of the [J-product is exemplified in Figure 2.4, which shows the 

earlier non-deterministic Client process communicating with a Timer process. The 

Timer may have the responsibility here of informing the Client process, who may pre­

fer t~ obtain resource units on particular day~, that it is Wednesday (for instJ.ce). If 

it is supposed that the two processes have unidentified, b,ut complementary communi-

cation events or traces to cater to the task, the recursive equa!ions for Client [] Timer 

may be written in the ordered-pair notation as: 
~ . 

J' 

\ 

C _0 '[] t _0 = { < - • _ c_O' . [] t lb > } 

- 22-
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Fig. 2.4 [J-Product of Non-Det~rm.jnistjè Client Process with 

Timer Process 1 

r 1 (book. 1) " (book.2) 

~: t,,1 • book.1. b.2 • book.2 

Fig,. 2.5 Parameterized Non.Determani.tic Client Procell 
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where, c_O = {< q !, c_Oq >} of the Client process is displaced by c_O = { < 

WED!, c_O' >}an'dc_O'={< q!, c_Oq >},andtheTimerprocessis,defi~edas 
, , 

Thus, with the []-product, it is possible to follow both the external and internai 

(trace) transitions of an interconneded system. For the process interconnection func-- . 
J' 

tion, it would aIso be beneficial to be able to divorce the externally visible behaviour, , . 
. -

from the traces, thereby hiding the latter. A secopd operator is defined to this end. 

The R operator, which has sorne similarity to Milner's Restriction operator (in 

that in(er~al events are sUPInessed), defines the potential external ~ehaviour of a 

/ system. This concept is hest explained through an ~xample. If the system of Figure 

2.4 were to be viewed externally, the trace-event would be hidden, and the composite 

process would be sim~lar to the simple non-deterministic process of Figure 2.3 but for 

spontaneous emissions of WED ! (which could occur if the process was to take more 
-~ " 

than a week in reaI time to complete). The ordered-pair expressions now takè the 

- 24 - . 
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following form: 

R (c_O [) t_O) == R '(c_0 1 [J t_O) 

l 

R (c_O' (] t_O) == { < q 1. R (c Oq [) t 0) >. 
« WED !, R (c 0' [] t _0) > 

0, 
R (c_Oq [] t_O) == { < g 7, R (c_lm [] t_O) '> • 

< '7 g ., R (c lr [] t _0) >, 
< WED !, R (c.Oq (] t_O) > 
b 

R (c:lm [] t_O) == { < q!, R (clq [] t.O) '., - , 
< WED l, R (c.lm [] t_O) > 

\ 
[] t_O) { ri, R (c.O [] t.O) R' (c_lr = < ". , . 

< WED !. R ( c -1 r (] t 0) :> 

R (c_lq [] t_O) == { < g 7, R (c 2r () t 0) '" - . 
< WED 1. R (c 1 q [] t _0) ~'> 

R' (c-2r [] t_O) = { < r 1. R (c_lr [] t _0) >. 
< WED !, R (c.2r [] t _0) > 

Fo;mally, the R-operator is specified ab: 

R(p)= L T(r,q},whert", 
<t:.q>EP 

r(e,q) ~ { f ; R(q) 
R(q) 

if e f 
if ( .. 

} 

} 

} 

} 

f;) 

} 

} 

That is, whtn an evtnt is exttrnaJly visibtt", t ht' t"Vf'nt 15 kept and tht" R il impo~d 

on ils successor pro<"t'ss. When tht' f"vt"nt Îli '" trac,.:th,. tract i. ,rt"mo\'ed, le.vin~'\b(" 

R of the successor proct'ss. 
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One last màtter must he addres!:>ed for the Illterfonne,chon of processes10 succeed: 

tbe question of stability. In the present model. processes are said to be stable if, for' 

every pair of internally-conneded processes or st at,es, Pt and Pl' it. is true that: 

R ( P,) = R ( Pl ). 

When th"is is indeed the case, the original statement, p * q = R(p [] q), remains 

correct. For a stable process, propr classification of st'ates into equivalence classes, 

hence extraction of the aptly simplified, externally-visible behaviour of that pro cess 

is guaranteed. If a process does not meet the above stability criterion, a different 

operator is required to treat unstable transItions appropriately. The V operator (see 
J -

[35]) serves that purpose, and displaces the R such that, for unstable systems: 

P * q v ( P [] q ). 

As the implementation of the V operator was not, available at time of research~ analysis 

. 'was carried out with the R operator only. This required very careIul interpretation 

of the interconnection results. 

Other operators include co, det, etc. The~e are not discussed here, hut may he \ 

perused in [35J. 

2.2.3 Parameterization 

.. 
F 

As will be seen in succeeding chapters, 'parame"terization plays an important role 

-

in the description of processes. It serves both to maintain compaêtness in descriptions, 

and to Iacilitate information-passing. Both of these concepts are intimately related. 
, 

- 26 -
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\ AIl of the prf'viously descrilwd operators f\ludion ana)ogoll~)y for Il parall\ett'rizt'd 

discrete-event process as the)' did for the non-parallH'lerized (inst.ant,iated) case f42]. 

" For example, consid.er Figure 2 .. 1 which is similar to thf' non-deterministir Client 

process of Figure 2.3. Behaviourally. t ht> proct'ss i~ idt'ntÎ<'al. However. messap;f"S art' 

now defined with the parameter booJ.:.l or bouh-.'2. ranging over the set bouk(s). The 
, . 

unparameterized proces's ùid not aecount for the identiti,es of the-resource units. They 

were, in fact, indistinguishable from each otht>r. Jf the Client. is now eonsidered to be 

borrowing frorn'a library, th~ library certainly cares abo~t which books are on loall, 

and' must distinguish them on sorne basis, perhaps tht' title. In tum, the Client must 

aIso keep traek of what has been borrowed 50 that the mrred book(s) is returned. 

This feat i5 delegated to the parameters, which appe-ar in both messages, via whid\ 
1 

specifie books are requested, granted and returried, and in states, where the titl~s of 
\ 1 ~. 

books arè remembered between actions and 'trips, to the library. AlgebraicaJly, this 

pro cess is written as: 

c_O = { < q! (book.l), c_Oq (book',l) > } 1 book.l E ;book 

c_Oq (book .1) = {< g? (book .1), c_lm (book.1) ,,". 

< g? (book. 1). c _1 r (book. 1) > } 

c_lm (book.l) = {< q 

c_lr (book.1) '= { < r 

(book.2), c_lq (book;1.book.2)· > } 

1 book. 2 E book 

(book. 0 , c_O > } 1-

c lq (book .1, book. 2) == { < g ? (book. 2) , c_2r (book .1 • book. 2) > 

c_2r (book .1, book. 2) :;: { < r 1 (book.2). c~lr (b~k.1) > } 
/' 
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For the [J-produd. matches hetween,a pair of cOlIlmunirating process~s must now 

be formed 01\ the basis of identJcal parameler (set) names, parameter list ordering, 
\ 

and parall1eter\list cardinality. in addition to the previous mat_ching on tRe basis of 

event narnes. This is a more extensive,-synl,act.ic matrhing procedure. 

- , 

2.3. Automated DCP-Baséd Tools 
~ 

DCP-based automated, symbolic computation to~ls, implemented in VAX LISP 

, ' 

(essentially COMMON LISP) are utilized to pefform the tasks of analysis and logical 

verification of conferencing sy~tems. The operating environment is the VAX 8600 

computer running under VMS . . 

2.3.1 Defining Processes 

The generalized format of a parameterized transition in the Bep process descrip-

'tion is: 

state .:name [globq.,Lbindings] _ 

L + # [locaLbindings1 . message.:name ! [parameters] i 

success~r_state'..name [p~rameter8] - - > (n) 

The parameters present ID the messageJ'l,ame and successor ....state...name are 

bound to (i.e. parameter values are obtained from) the globaLbmdmgs and locaLbmd-

-mgs which are themselves lists of variables or parameters. This allows for inter-

state a.s well as inter-process informatjon-passing, simulating an ordered readjwrite 
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memorv for the proceSSt"h. . ... 
A .,.. norlll al!) prec('des eVf.'ry transit ion, and fdepÎt'ts 

non-d~terminism when two or ll10re Sllct'essor proct'sses are available for the saIlle 

messagLname, except. in cert.ain instances as will he noted. The # implies the ~ele('-
1 

tion of â. parameter ~J.ue from a set. A'li an exam pIe, # (x.j) expresses the assigt;lment .. 

of a valu.e from the set X ta the jjh parameter, r.j, based on that set.' By'conven-
-, . 

tion, ! . indicates an output message and ?, in the same position, indicates~an input 

, 0 ~ 

message; the absence of either indicates an internaI ('vent in a composit,e system. n 

is the inMx of the successor state in the state-transition table. ~ 
'> ( r,~ 'l"'-~\ 

The means 'for defining a pro cess to the automated tools is the pro cess description 

file. The LISP setq fundion is applied to creat.e an at?m nameç.l: after the process, 

whose ~ymbolic value is the underlying recursive series of processes, each consisting 

of a set of parameterized < communication eve'1t, S)lccessor process > pairs. With 

reference to the generalized tr~nsition format, the parameterized Client process of 
o 

Figure 2.5 may-be writt.en in e~ation form as: 

c:"Oq (book .1)· = g ? (book.l) c_lm (book. 1) 
+ g ? (book.l) c_lr (book. 1) 

\ ' 

c_lm (book .1) = q ! , (book.2) c_lq (book. 1 J bpok.2) 
1) 

c_1r (book.l) = r ! (book.l) c_O 

c_lq (book.l, book.2) = g? (book.2) c_2r (book. 1 J book. 2) 

c_2r (book-. 1, book. 2) = r 1 (book. 2) c_lr (book. 1) 
,. 

and wO.uld thus be defined by the following setq assignment: 

29· / 
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( . 
1 

\. 

. . 
(setq 'client J ( 

<, 

-t 

~' 

.. 

o 

« #book, 1) Cq 1 #book. 1) 

• (c_Oq #book.1») 

«c_Oq #book.l) 
Q 

« ) . Cg ? #book. 1) 

(c _lm #book. 1) ) 

«c_lm #book. 1) 
"llI - ... 

C (#book. 2) (q 1 #book . 2) 

, (c_lq #book.! #book.2») 

C Cc_lq 

« ) 

( (c..2r 

« ) 

1tbook.l) 

Cr 1 

Cc_o») 

#book .1) 

#book .1 #book.2) 

Cg ? #book.2) 

(c_2r #book.1 #book. 2») ,-
#book.1- #book. 2) 

Cr ! #book.2) 

Cc_1r #book.1») 

'. 

~" ... 

, » 

AII'ofthe âbove state_names, message_'Tlames, successor..state_names and para­
, " 

meters are literaIs which would' norrnàlly he enclosed in doubl~ quotes. Fo"r clarity, 

the qùotes have heen omitte,d. 
, . 

2.3.2 Key Modules 

The automated nep tools embody several main program modu~es, including,some 
. , 

diagnostic utilities [42]. One module executes vàrious checks on process description 
> 
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filt'~ and prt'pares the fi)t"s for sllh:--t>qUt>nl l1Ianipulal ion hy t").lablis!lin~ intt'mal data 

1 structures. The checks are hasecl on :-.ynt ad iraI \'Nificaljon 011 individuall ransilion~ 

and on proper recursion of the t'nt in> proCt':"". uSUall)-lInco\'('rilll!: 111Î~~illll: or mislIRI1H'd 

statclIames. Some errors art' also tla,gg('d by III(' LISP intt"rprelt'r upon IOI\(lin~ of a 

process description file. A::. a last fcaturt'. the 11lodult' ha~ prt'lty·prmtiug pro('('durf's 

which translate the process descrIptIOns from tht'Îr input forlll into a mort' appt'l\ling 

dlsplay. 
" 

- A second module contains tht" basIc Drp opt'rator.l\ lllt'ntlOlH'd JHt'violll>ly, tl)(' Il. 

R, co, and det. Here, uni fication and ordt'fjI\~ all!;orI t hrm ar{' t 11(, major COJ1l pOIlt'lltll. 

These algorithms are emploYt'd chidly 10 tll(' I]·prodllci O(H"-rator 10 l'tl1pply syntactic 

matchmg In order 10 bcperatt· externally VIsihl(· bt"havlOllr from tract' rVt'lIt". Forrt'd 

\ 

matching IS attemptect when the algorithm" not«· a dolot' match. Tht' Iwo Il 1(" ,,:.al(t'II, 

my_message'! (;r.l, y.1, =.1) and my 11I('.<;.'1IIf/(' '! (r.:l, !I.1. .:.1) offrrt'd by two pro· 

cesses are almost complt"t1lt'ntary. Th(' mclex of tlu' first paralllrt;r of (,/\fh m('I\""~t': 
v / 

, 

however, is dtfferent, to resol\'f' thl:', â matdl or uruficatlon w()uld ht' \,('lllurC"d witl! 

the assumption, ;r.l ;;;.: ..r.2 . 

.. 

A.third modulè supports the • opt'flltor -{whirh invoKf"h th,. Il, H and a~).,ropril\tf" 

simplification routinel\1. ait well as th .. rrlattons' and' 

under devdopment. .. 

'1/ . 
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Chapter 3 A 'Preliminary System 
; 

The discussion of formulations and experimental results commences with the Pre-
~ 

liminary System (PS) which serves aS an aid to conceptualization, and a Iheans of 

verifying correct operation of the formulated processes before continuing on with 

more complex systems. In this w.ork, there have in fact been severa! preliminary 

systems, beginning with a completely non-parameterized, but unwieldy, formulation. 

Two studies of a semi-parameterized system are reported. The first inquires into a 
L 

single-conference/system consisting of a bridge and one agent, and the second, into 

a two-conference system embraGing an extended bridge and two agents. Section 3.1 

prefaces the studies by describing t~~ents common to both systems and, working 
'"\.., " ' 

, ", 

inward from the environment, the agent and bridge processes. 

3.1 Formulation of Processes 

The basic purpose of the conference bridge in bôth studies is to accept requests 

for service and whenever possible, to grant those requests. The purpose o~ an agent is 

rather rudimentary: it passes along whatever rèquests it receives from its environment 

- 32· 
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(s-ome client elltity - Tîot 10 he confused with th<' Client proct'Sl- of (,haph'r 2) tn the 

bridge. ln turll, it conveys whatever rf'l>pon!>t'~ il receives from tilt' bridge on 10 

i \ s <n vi ronlll elli. Th lib. III '\ Il ~ P s\ he" ~<11 t, ri n' ,i 111 pl Y olle: < 1,,;,<11 \. hi, d, .... ~tion.1 
queues. Bot h 1 he bridp;e and al!.e/' J>0SS(,S~ 1I1("l\lorl(,~ t 0 slor(' parallH"t er values. 1'h<' 

~nllal deSCrIptions of thest' proct's~('s 1:1ay, found, in Appendi~ A, 

3.1.1 Construction of Messages 
; 

. 
Messages for both the bridge and t he agents are organized around four distinct 

\ 

functions, illustrated in Figure 3.1: rreate or c 'to rreate a cQnff"rf"tl('e; add or Ido add 

o 
a target agent to a tonference; de/ete or d to delete a target agent from a c,onr~tence; 

, . 
and, clear or J to clear a conferenre. Each of the single let ter!, repr('!.entinp; (unctionh 

--are then suffixed with q for request, i for indication or sucri's~ of request,.Atld r for 

rejection or failure of request, forming the set of 11It'.'lsagt namt'S Ill>('d in intt"rnal 

communication between bridge and ag("nt. ThOM' 1lI('&sap;<'~ which nr,. t"xploitf"d for 

external communication between agent and <,nvironmt>nt art' drnol('d Înhtf"IUI by. tilt' 

doubJe-letter suffixes, qq. ii, TT, for regUf"!>t, Îndication an(f rrJt'diol1, ff·"pf"C'·tivt'Jy. 

Two other ingredients complt'It· 11H' 1II('!'lIa~f·. Fm.t, III ordt"r to distinp;ui5h Ulf"!!' 

sages by their o~igin or drstination, a~('ntll (ap;f'"nt 1 in Stucly 1: I\~('nt J &nd ap;('nt2 

1/1 Stu~y 2), are identified by appropriatrly lIlstallUlR a 1 or 2 a. th,. hf'fL(J of thl" 

1 message_names. 'Th(,5e identifif"rs alho apprllr in Il/(f"nl [ftait .n011lr,.. In addition, Il 

!s recalled that a ? signifit'fi an input n)t·b1iI\~(" ('\'("nt, and I\! point. 16 an output 

message event. 

. '/1. 
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Agent2 

l ' 

create_confer8nce_requ8st 
add_member_request 

clear_conference_request 
de/ete_mt1mber_request 

create_conference_indlcation 
add_membec Indlca tian 

clear_conferencs_indicatlon 
de/et8_member_indication 

crea te_con ference_rejection 
add_member _rejsction 

cJesr _ conference_ rejeetion 
ds/ete_member_rejection 

. 

Agent1 

'Bridge 

),~~.~n. 

u' 

1 
l 

1c_i a_, 
1U 

1 -

10 iiI -
1a_iil 

1Uil 
'1 

Fig. 3.1 Messa.ge Archîtedure for Preliminary System 
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3.1.2 Use of Parameters 

( 
Parameters are used t.o carry the ident i t it"~ of t il fgef agent~. t hOSt' agents requt'stt"cl 

to join or leave a c_onference i~itiated hy a~ent 1 or ap;('nt2. The idetntities of the targr 

agents reside in the untyped set X ,nd are spt'fified a!\ J'.} or J'.2. In Study2, agentl 

can make agent2 a target for a ('onference initiated hy a1!;entl, and vi('e versa. 'The 

target agent parameter values are also used by the bridgt>, as t'xplain<,d lat<,r. 

Reasoll code parameters. denoted as c.l, a.!, d.l, alld l.l~ b('in/l; named aCter tht' ~ 

. , 

four functions, respectively, acwmpany a1l rejertion signais to explain the failure of 

a request. Reason codes are chosen from tIle c?unterpart ~et s C, A, D. and L, and 

il 

may he alpha-numeric designations or actual narrative-foTm fcasons. Examples of 

'\ 

the latter, for the rejection of an add request may include: 

- ,. not added - target agent busy ,. 

- " not added - tàrget agt'nt not responding " , , 

" not. added - Jarget agent already in conference Il 

- " not added - temporary hridgt' prohlt'Ill " 

{ 

. () 

Such reasons would often he found in a reai implt'llIt'ntation. For tbis rt"search, 

howpver, the reason code parameters accord a de/l;ree of c6mplrtt"nt'5!l and ftexibility 

to the formulatiôns without specification of th,. actua.l contrnh of tht r .. uon' fodt' 

sets. 

• .1.5 -



3.1.3 Description of Agent 
<;) 

The stafe-transition 'diagram for the âgenf, process (agent! or agent2) has 19 

st ates and is illustrated in Figure 3.2. The pr"ocess is entirely deterministic and has 

the three major states, la/O. la/!. and la/2, which proceed as follows. From the 

empty state la/O, a create request is expected from the enviromnent. Once received, 
;' 

the agent enters a queue state, expressed with t.he letter q in state iavlq. From 

lavlq, th~ agent can transfer the internaI version of the create requ~st to the bridge. 

When the exchange Îs made, the agent enters the lavl state, the first createjadd 
, \. " 

wait mode. It progresses from the wait when ii receives back from the bridge an . ~ " 

indication or rejection to the request. Vpon rejection, the process goes to another 

queue state, lavlq-, from which it event.ually delivers the rejection (with reason 

( 
code) to its envit'Onment. The indication also leads to a queue state, la/1q, where 

the indication is output to the environment, and the major state 180/1 is reached: a 
) 

conference has been created. 

From the creation of a conference, it is possible to add ~ target agent to the 

conference or to dismaotle the conference;, depending on ~he reception of an adc1or,jl 

a cleu request from the environment. ~ the add request is received and successfully 

completed, the maximum capacity of two members is attained at 180/2. To contin,ue, 
\ 

only a deletc request is permissible. Note that the identity of the target agent specified 

in add and delete requests is kept in the requesting agent 's memory, serving to vetify 

". that the response from th~ bridge to the request refers t~ the same target agent. 
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The add. clear. and delett." procedure~ are cOIllple1.ely analogous 1.0 the pattern 

c followed for the cteate request. That is: re'ception of a request at the agent Crom the 

envifonment; exchange of the reques1 between bridge, and agent; bridge response of 

indication ?r rejection; progress to another major state on the- former; and. loop to 

same major state on the latter. The delete and add procedures, taken together, Conn 

the module outlined in bold in Figure 3.2. Such modules can be replicated 'to obtain 

greater capacity for the agent process. 

3.1.4 - Description of Bridges 

, r 

Two bridges are described in, this subsection. The first -has capacity for a single 

conference of two member agents and Îs able to communicate with' a single agent only 

(agentl). The second, an extended version of the first bridge; has capacity for two 

conferences oC tw~ member agents each, and can communicate with two agents (agent! 

, " 
and agent2). The state·transition diagrams of the single-conference and extended 

- , 

(two-conference) bridge processes are given in Figures 3.3 and 3.4, respectively. 

The single-conference bridge has 11 states and reReets the behaviour of the' agent, 

as would be anticipated for a relatively simple system. Once more, three major states 
! 

are involved:' cIO, c/Ll, c/L2. cIo is the empty state, where no conferences 'are 

invoked. Since this bridge only communicates with agentl, c/Ll and c/L2 show the 

presence of a conference initiated by agentl, having one or two members, respectively. 

It is evident that this bridge process is ~odular, as outlined in bold in Figure 3.3. 
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Other charaderistics, including paired d('t.erminis'tic selections. art> éxplained in thf" 

• upcoming paragraphs . 

• 

The structure of the extellded bridge is more complicated and a simple modular , , 

construction IS diffic'!lt to see. However, an attractive symmetry may be obs.èrved~ 

as though two single-conference systems had ,been configurt>d together. The major 

states o( the simple bridge are augmented by c/2_1, c/2_2, c/Ll/2_1, c/Ll/2-2, , 

c/L2/2_1, and c/L2/2.2 in the extellded bridge. Thus, t.he extended bridge now 

, 
\ indicates in its major state_names the existenre'of one or two conferences, the iden-

tities of the corresponding initiators of those conferences, and the number of member 

agents in each conference. Following is state (39) of 57 states, extraded from the 

l' -
extended bridge pro cess description, to exemplify this notation and give sorne flavour 

of the operation of the bridge: 

(39) c/Ll/2..2 (x .1) = 

+ #(x.2) 18,_q? (x. 2) i20(x.1,1:. :n-- --) (46) 

+ #(z.2) 18,_q? (x. 2) r20(x.l,.r.2) --) (47) 

+ 2d_q? (x .1) i21(x.l) --) (48) 

+ 2d_q?(x.1) r21(x. 1) --) (49) 

+ lLq7 i22(z .1) --) (50) , 

+ lLq? r22 (x .1) --) (61) 

Here, the state_name c/Ll/2_2 indicat~s that agent! has created a conferton('e 

(labelled by the first 1) with itself as the single me ~ntified by the second 
"'T-

1 ),. and agent2 has created 
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target agent as members (quantified hy t.he second 2). The identity of the addit.ional 
" , 

" 
member of agent2's conference is given by t.he paramet.er x.1. 

The above transition equation alw,ws~ the bridge to accept one of three ~ossible, 

request messages, each of whkh' has a pau of determillistically selected successor 
\ 

processes, modelled in a non-deterministic fashion and marked by arcs in the figures. 

These special pairings, which follow ,the absorption of a request, are due to hi.nary/ 

decisions taken by the bridge on the basis of parameter values or other information. 

The f}.rst pair of successors is attributable to an add request from agentl, with the 

parameter ;r. 2 as the identity of the target agent to he added to agentl 's existing 

cr 
conference. The, successor processes, i20 and r20, are branchings generated from 

, \., l 

a, bridge decision to accept or reject the request. Parameter x. 2, along with the 

orIginal parameter x . 1, must be retainep in memory for further manipulation, such 
" 

as subsequent délete requests. The next pair of hranchings arise from a delete request 

from agent2. The identity of the (only) II1ember to be deleted from agefit2's conference 
,\ 

js found in the message as the parameter x.1 (note that agentl and agent2 can only 
/ 

add or delete froPl their own respective conferences). This value is referenced to the -
globaLbinding appended to the .state_name. Again, branchings occur on success or 

~ failure of the request, with the x.1 parameter heing dropped once an indication is .. / 

passed on to agent~. Siroilarly, the last pair results from a c1ear request from agent! 

to drop the conference it had. previously created. This request does not have any 

parameters, but the successor processes must guard x.l since x.1 is pertinent to 

agent2's ,conference, which is unaffected by the request. 

l"\' 
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Tht> three failurt>s Ioop back to state (39), w~i1e (46) eventually goes t.o' the 

majo,r stB:te c~~_2/2-2(.r.L.l·.2}: or state (52), - where the parametèrs havt' been 

rel1amed to preserve th~ir association wilh the conference ordering in the stale_nqme. 

- , 

The bridge reaches maximum capacity al l'1 ale (52). {rom which oruy delet~ons are 

.accept8:bIe. States ,(47) and (50) Iêad 1.0 t.he major stat.es c/L1/2_1 and c/2_2(x. .. q, 

respectively. 

3.2 Stuçly 1: Single-Con'ference System 

In this study, the' bridge process, the agent process named agentl, and their 
\ 

interactions are explored. As mentioned, t his bridge has capacity for one conference 

of two member agents, and agent! has capacity for one member agent in addition to 

itself. 

First; the [Fproduct, as defined in Chapter 2, is applied to the two processes. The, 
o , 

/ resultant contains 23 states and is portrayed in Figure 3.5. Alternatively, the algebraic 

outpùt is available in Appendix A. \y~~~ompound states: the left side of the 
- ~~ ~ 

[] gives the state of the bridge process, while the right g~yes the state of the ag~nt1 

process. The two processes progress together, without deadlocks. That is, neither . 
process suffers an indefinite wait due to the absence -of a desired message exchange. 

, , 
Parameters are found to be correctly carried and passed within and between processes, 

when compared 1.0 hand-worked ~amples. The memory ava.ilable to both the bridge 

and agent! allows for faithful internaI exchanges, eliminating the possibility of errors 
, ' 

" 
ln the ComJJl.UJlicaJJ.on channel. 

/ 
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The modular "Irudure of III(' "·prodllct is hi~hl~' {'vident alld i ... of COI\f~(' •. it 

dIrect consequence of the JIlodlllarilY of t ht' hridg,«> and agent l proct'!>!>e1i. Thf'Tt'foft,. , . , 

add/deJete IÏlodules (outlint'd in 1>01<1 Irt Flp;un' :LT.). a \('r~ c1t'sirahle fenture. For» 
,f' 

conference capanty of N agents, thel1. a total of:\ l modulrs w011ld he nt'('essary. 
\ 

The paired determinisüc sdectiolls of th(' Il-produ\\. ar(' also inheritt'd from the 

, 
bridge process. As with the bridge, thert' are four pairings in all: ont' each for tht" 

create, cJear. add, and delete r('quests. 

/ 

Although there IS Treedom from deadlocks, certain loopln~ bf',haviours (i.e. live-

locks) are imaginable. For example, repeat('d arrIvai from the envITonment of an' 

add request with the same inadmissible targt'I agent (td('ntified in th~ paramt'ter). 

\ 

would result ln the rejection loop: c/Ll [] la/l c/1.1[]lav2q ... r3[]laI2 ... 

clLl [] la/lq- ... clLl [] la/k Normally, it would be preferabl(' to limit the lIum· 

ber of retry-rejection cycles to sorne small number. say three. As bU ch constraints are 

not imposed here. it may be said that this ~s a patient system. 

To proceed with the interconnection of the two proct"sscs, thf' R-operator fs now 

engaged to hide the internai or tract' events. The- eff('d is'rt>ndered in Figur(' 3.6 and 

is fTovided in algebraic forrn in Appendix A. Internai ('vt"nt& have bt"en rt'moved a.nd 

state:. which are externally visibje hav(' been madf? hold. Externally invisible 5~atf"!lo 

and transitions 'havt' been lt>ft int'a<.'t for fef('rt>(lff'. 
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At this st,age, it woule! Il(' ft~hft,ftit~e()\l~ 10 ft'ltlO\'l' H·e!JIJÎvah·nl ~lat(·1' ln r('duCl' 

the R of the ('onferell('in/-{ ;:.\':-.lc'lIl furtlwr .. \ ~t·t of t'quival,onct' Il l'ullIptiollS w('re . )' , 

-' $ 

made hy the too1s and inductive'l) !eslt'Ii ovpr 'wc; I;a:-'!\(·l>. ft H ('quivlllt'nn'!I Wl'rt' 

lh scovert'd, t hes/"' hei n/-{: 

\ 
\ 

R(c/Ll (] la/1q) ::_ R(ll [] la"l) 

R(c/L2(r.1) [lla/2q(r .1») --:: R(13(r .i)[] la,,2(r .1» 
R(c/O[] la/Oqq) =: R(l2[]1dwO) 

R(c/Li [] ia/1qq(.r .1» _ - R(i4 [] ldw1(r .1» 

ThIS simplifies the original syslt'Ill to HI ~tat('!. (1)('(' Fi~Uff' a.i). SIIU'(' Ow n'maill-

• 
ing internaI events do not rneet tht' stahility cnterion of (,hapler 2, thr hy!lt('nr it- 1>l\id 

to be unstable. 

Finally, if the reason code parameter "ets IIlVOIVf·d ill' rt'j<,dl0ll pr()n~·dur«:'b w('rr 

't'ollapsed to have c~rdinalities of one, t}y- R.equivalencf" woulCl aho hold (or tt,lf' fOUf 

pairs of states: 

R(c/O [] la/Oq- ) :~ R{rl [] la"i) . 

R{c/Li [] la/iq-- ) _. R(r3 (J iav2) 

R(c/Li [] ia/iqq-) _ R{r2 [] idvO) 

R(c/L2 [] la/2qq-) ::-: .I(r4 [] 1dvi) 

This would ft'move anothn &ourCe of in&tahilJly Figurf' 3.R giv~" th,. 'conlftr,un('cJ 
1 

externally visible behaviour of t1l;1\ ëonft>ff'rWulg "y!Mm. ft rf"rnains an unr.tahle "YI'-

/ 
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t.em due 1.0 the four determinist.ic pairings for indication and rejection. 

c 
The combined processing for the [J-produd, R. equivalence tests, and redudions, 

. 
using the automated DCP tooIs, took 7-~ seconds of CPtT time. Page faults, which 

are a measure of t ~e IU«rIUory requirements for the LISP environment, amounted to 

20.7k (k == 1000). 

3,~,3 Stndy 2: Two-Conference System 

The two-conference PS formulation conSlSts of a bridge extended to a capacity of 

two conferences of two member agents each, and two distinct but isomorphic agents 

(agentl and agent2) each with capacity for one member agent in addition to them-

( "\ 
selves. This extended bridge was depicted in Figure 3.4; agent1 and agent2 are as 

previously given in Figure 3.2. Computer processing capability restricts this analysis 

to the []-product. 

The .[]-product of the extended' bridge communicating with, agentl and agent2 

yields 465 states in total, without deadlocks. Processing time was 20:~9 minutes; 

page Jaults exceeded 278.7k. 

T~e capacity of the b\idge and a~ent processes can c~rtainly be increased to attain 

quite large conferencing systems. Although it is possible to do 50, the formulation 

would quickly become unwieldy. • 

c If 
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Chapter 4, The Members'lip-Based SystelTI 

The MembershlP- 8ased System ( MES) is Hlt rod llct'd to ovt'rcol1lt' various inht"rt"nt 

limitations of the PS formulation. SOllle of th("M'limitatiollh\ illich ail tt\(' rumh~f!lC)m(" 

need f~r instantlated message .names and staf,. 711l11lt Il tu dilltmp;ulllh ap;t'nt proct'I\ht'h. 

'are already evident. Other drawbacks bt'conu' ohviollll wht'll an attt'Illpl III madr tn 

widen the PS formulation to providt' lar~t"r·~apacity an<l mort' AfOXlhlt' confcrt'rlcfO "y" 

te~s, QUÎekly. the trackJll!l; of conff'renct's and th('ir IIH"mlu'ntnp lu.t!.. 1\1\ \\'('11 ah lh(" 

prOVISIOn of mort" ad vanc('d rt'<pU'lot facilitit"lI b('coU\t'!I li \II\(' \11\ pmlHlt;, From \ h"M' 

,impediments surfaceli a d(''>lre for compa<'t yfOt hilt;hly (:xprrlihivr tlo\"tioJl, whirh 1" 

met chiefly through exp'~ndl'd USI' of paranlt'\<>ri7atlOrI ('oncurrrutly, M·v("rl\ll1lmpli· 

fications are made to th~ m1"6Sa~f" arrhitf"chJr(', Th .. frUIt of thr",' pfTorh il Il ~("t of 
" 

modular proct'sses whi('h lirr easily I(r'tlrràlizcod tn form cunfrrf"n("UI~ ~y~tt"tnll uf "rtn· 

"' trarîly large capacÎty. Agam, two "tlJdU'1i lUt" rt"nmntt"d: 1\ IIInKIt"·runfrrrnfr "y,'C"tu 
~ 

of a bridge and one afl:ent, Ilnd a two·cunfrrt"ncr "y"trlll of the" ,.ame" hridKf" with two 

agents. 

, H. 
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4.1 Formulation of Processes 

j 

The bridge and agent processes follow the salUe guiding principles as in the PS 

formulation. The bridge has èapaclty for up to four agents in any combination of 

~ . 
conference groups. The agent. supports a maximum of two agents (including itself). 

in a single conference and has sorne new duties. AlI requests aJ,'e designed such that 

only one agent is added to or deleted from the total m~mbership of the conference 

system at any giv.en time, hence the name Membership;Based System. 
, 

Both the bridge and agent processes are deterministic. The only true non-

deternijnisms are in the arrivaI o'f request messages from the environment', and in the 

parameter values originating wit h those events. Occasionally, these determinisms and 

non-determinisms are nested together and require careful scrutiny in the [].product 

and other results. 

4.1.1 Construction of Messages 

The PS for~ulation defined messages around four function~: create, add, delete 

and clear.· A~ a simplification, the present formulation reduces ,this number to two. 

This redudion is realizable given th~ greater use of parameterization. Thus, the 

message_1}ames corresponding to the create and add functions (i.e cq, c.i, c...r and 

a.q, a.i, aJ', respedively) in both the bridge and agent process descriptions are merged 

into the add messages. Similarly, the messages for delete and cleu are amalgamated 
\ 

into the group of message_names based on the de1ete function .. Of course, the changes 
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also affect. the external messages. This new IIlt:'SSôP;t' format is iIl ust rat(>d in FiguT(' 

4.1. Functional distindio~ is now provided t hrough t he bridge \ in t erprt"t,ation of t h(' 

interrelat.iollships of t~ree parameter vi),lut's sllpplit'd i~ ail Tf'qut'sts: the rt'questot. 

the target. and the cOllfert>lIce BaIlle. Tht>~t' paral1leters are de!.çribt"d further in tht' 

next subsection; t heir j nt.!-,rpret ation hy. the briùge is lefl for discussjon in 'Section 
,1 

4.1.4. 

The above simplification may be carried furt her to leavt" just one function or t'ven . 
one meSSQge_name, embedding a,ll information in parameters. Althougn compaclnesb 

. , 

is gained, there is a trade-off to he juggled, as increased paran~eterization make"s 
, 

, 
for difficult tracking of processes. Concomitantly, the processes must bècome more 

-
complex to decipher the information in 1 he parameters. 

M essage_names no longer bear a 1 or 2 to inform of a message's. origin or destina. 

tion with respect to agent identities, this service now being provided by tht" requeostor 

parameter. The? and! symbols have the saille significance ab before. 

4.1.2 Use of Parameters 

The MBS formulation calls on parameter& to perform st'veral nf"W services. Both 
.( 

the MeS-bridge and the. MBS-agent utilizeo the targt't parameter, renamed y.l or 

y.2, discussed previously. For the hrid~e, the requel>tor or x.1, ron[ert'nct' nAmt' or, 

n.l, and the grouping table or gn.l parameters are introduct"d; thf! agent Î .. givf"n, 
. , 

, corre~ponding rf"questor, rOl/{erf"nct' lIazllt' and llIt"mbnship lit,' or mn.1 param~ter&. 

- ,5,'1 -

/ 
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/ internaI avents 

add_confefence/membef_request 

, 
de/ete_conference/member_fequest 

add_ conference/member _ indication 
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de le fe_ conference/member _indica tipn 

add_conferencelmember_rejection 

deleté_conferencelmember_rejection 

Fig. 4.1 Message Architecture for Membership-Based System-- / 
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The groupillg t il ble and 11lelllber~bip lis' paramet rrs JH<'\'ent t 11(· li lIt'ar grow t h. of t hr 

number of member agent parallleter:- with the incrl'l\sÎng c~Pl\dty of bridge ~nd agf'nt 

processes, respectively. An paraJ~leters are ba!-('(! on untyj)eô sels. -

- The request,or parameter, which C'ontaim. 1 he idt>nti Iy of t he agent~ ~ubllli t.t ing.1\ 

request to the bridge, is fixed for: each agent al ext>cution time by a dt'-confticting 

algorithm within the automat~d tool5. The requestor idèntity is wriUen ont'o IlU"S' 

sages received from the environment, and stripped from messages del,ivered to t.he 

environment by the appropriat.e agent. The cOllferellce lIR91C paramt"tt"r is used tp 

'symbolically refer t.o a part.icular conference. 'leading to ri cher requt'st facilities for 

the agent while necessitating more advanced logie within the bridgr to handle suc~ , 

requests. 

" 

The groupÜlg table parameter plays a crJtical role for the bridge, tracking con, 
• . 

ferences by maintaining multiple membershlP lists with t~spectiv(" confert'nct" names 

o 

and initiator (chairman) identitit's. The re!tul t is a very compact and modul,ar repre-

sentation of an otherwise messy affair. With this super·paran'iet('r, il is possible to 

generalize the bridge process description to han.dle any nUlI1hc>r of ag<>uts in any group-

ing patterns. For example, if tbe paramet("r stand" al g2.1. il lIlt'ans that(th~re arr 

currently two àgents being tracked by the brid~e, either as two irlitiator-del)endent 

sit uations of a single conferencf' of t wo agen,h" Of as t wc) ('onfert'f}ces of on(" agt'!nt 

each. Externally, the distinction is not ,apparf"nt. excf'pt by observation of the statt"1i 

of initiating agents. When another agent ;" ln be addt'cJ. the pararnt't.t"r pro('e\",~5 

r:.~ 

• ,J~) • 
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to 93.1. Based on the request alld the preceding grouping configuration, ther~ may , , 

1 

now be three conferences of one agent each, two initlator-dependent situations of two . " -

confere~ces with two agents in one and one in the other; or two initiator-dependent 
, " . 

situations of three agents in a single confe~en~e. This impIies t.hat, a 1:1 mapping 

, . 
exists su ch that gj+l.l is created given t.hej>arameters gj.1, x.l, y.1, and·n.l. The 

inverse of this mapping must also he availahle for deletes. This mapping is simulated, 
, , 

if the procêss descriptions simply t.hrough the displacement of the preceding grouping 
,.-

table par~meter hy the ,current one at apprqpriate poi,nts. 

, ,. 

Lâstly, the memb~rship Jist parameter invoked in the agent, although not abso-

~ 

lutely necessary to the operation of the agent, provides for local retainment of the 
, / 

ide~tities oIagenisocurrently engaged in the conference (if any) which that agent has 

initiated. The list is enlarged or dimi~ished in an 'orderly way., r;om mj.l to mj+l.l 

or mj-1.1, one agent at a time, respectively. The membership}ist does give a me;ns of 

cross-checking the agerit states with the bridge states in the [J-product, and is an aid 

in the generalization of the MBS-agent. process description. It is conceivable that a 
f 

, ' . 
more intelligent agent could make use of the mem,bel'ship list to perform preliminary 

validity checks on requests herore sending them on to the bridge. 
1 

, • a ~ 

Reason code parameters are, employed as in the PS formulation. 'Following the 
, . 

simplifications made to the message_names, they are now based over the sets ~ and 

D. b 
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4.1.3 Description of Agent 

The 'st.at.e-transition diagram for the agent pror('ss, with ("apacity for one Jllember 

agent in a~dition to it.sdf. has l~ st,ales and is given in Figure 4.2. AJp;ebrai(" descrip-

tion's are provid~d in Appendix B. The ~IRS-ap;('nt mirron. t h(' IlHH.1ular strudllre 

n 

and follows the same basic pattern of behaviour of the PS-agent. which also had 19 
1 • 

states .. Differe~,ces may be obse~ved 1n the n~erger of m€ssagt'.namt'S, the absence of 

agent identifiers appearing in $tatf-~ames and mt'ssage .1/Omes, and the greater use 

of parameters, a~ discussed earlier. The identity of the target agent, as weil as the 

conference name, specified in add and delete requests are kept in memory, to conelate 

the response from the bridge with the contents of the origin~l request. The identity 

of an agent, in the fOlm of the requestor parameter, il' passed from state to state such 
, ~ 

J 

tha:t the agent always retains its name. 

-~ 

With the ab ove modifications, a single, gt>nerir agent 15 m~de available which 
l' 

can be replicated -as, many limes as desired wit hout ambiguity. Wht>n two agent 

-
processes are used in the [].produrt f<ir the Two-Conferenre Syst(,Ill, the prOfr-sses 

are d~-conflicted by the automated (ools. This archetypt> agent procebS description is 

l , 

generalizahle to any membership fapacÎty, with the nm;nber of states totalling 9A+ 1 

to han dIe A agents.-

4.1.4 Description of Bridge 

The state-transition diagram of tht' bridge prOfess has 21 states and is pict~red 

·r 

in ~igure 4.3, with algebraic t'xpressions to bf' found fil Appendix B. The MBS.bridge 
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("an support any conference grol1pin~s for up to four agents. replacing tbe two PS-

bridges of 11 and 5ï ~tates by Olle procesb. Thll~. a spectrulll af possibilities-exists 

from a single <"Onference of fouI' agents at one end. to four conferences of one agent 
l, __ 

each at the other extreme. 

The MBS-bridge has the five major states, cio, cil, c/2, c/3, c/4, and up ~o 

c/2, has the same form as the basic 'PS-bridge. Oncë more, cIO is the empty stat'e, 
1 • 

where no conferences have as let b,een construc1ed.' The rernaining major states 

indicate the t.ot~1 number of aJe~ts participating ul all conferences, whe~e the actual 
'" 

configuratipn is furnished in the grouping tabh,'parameter, gn.1. It is e~ that this 

bridge process is again modular, as outlined in hold in Figure 4.3, and generaliz~ble 

with 5A+l states for a capacity of A agents. 

As an exarnple and-to draw comparisons with the extended PS-bridge, state (13) 

of the -MBS-bridge process description is select~d: 

(13) c!3(g3 ;"1) = 

+ #(:r.l,y.l,n.l) a-4?(;r.l,y.l,n.1) c!4..ai(z.1 ,y.l,n .1,g3.1) --) (14) 

+ #(x.l,y.l.n.l) a....q?(x.1.y.1,n.1) c!4..ar(x.l.y.1,n.l.g3.1) :.._) (15) 

+ #(x.l,y.1.n.1) d....q?(:r.l,y.1.n.1) cl2..di (x. ~, y. 1 , n.'1 ,g3.1) --) (16) 
~ .,.-"4 

+ #(:r .l.y.l,n.l) d-4?(x.l,y.l,n.l) c!2..dr(:r .l,y.l, n .1.g3.1) --) (17) 

Here, the state_name c/3 indjcate~ that som~ conference(~) ~xist(s) with a total of 

three agents enrolled al together. Instead of the six transi tio~s of state (39), only four 

-< 

are available. AlI four are of similar form, wi th the thr~e parameters (x. 1 , y,.l , n . 1) 
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drawn from lucaLbl1ldlng.~. The ahove transition equation allows the bridge to an'ept 

one of two possible reque.st messages, each of which ha,s a pair of determillistically' 

selected successor processes (as descrihed pre\'lOusl? in Chapter 3). The first pair of 

successors ~s attributable to an add request from a reql/estor --:r .1, with-the t.arg~t 

là 

agent to be adJed y.1 under cOllfer~llce Ilame 11.1. The successor processes, c/~_ai 

and cl 4_ay;, are branchings generated from a bridge dedsion to accept or reject the . / 

.. 
reques,t, as the suffixes suggest. AH of the incoming parameter values, along wiih 

the origInal parameter 93.1. must be retained for the response. Once the, response is 

" 

-Ito. emitted, only the gn.1 parameter is held for subsequent actions such as deletèrequests. 
l , 

, The second pair of branchings arise from a delete request, carrying three parameter 

values as ahove. Again, branchings occur on success or failure of the request. 

-', '. 
The two failures loop b,ack to state (13), while (14) eventually goes ta the major 

state c/4(g4.1), or state (18). The bridge reaches maximul~l capacity at state (18), 

from whi,ch bnly deletions are acceptable. (16) travels ta the major state c/2 (92.1), 

or state (8). 

As has been alluded, the bridge has a considerable decision-making task upon 

receipt of a request. In order to formulate a response, whether an indication or a 

rejection, with the appropriate reason code~justifying and explaining a rejection, a 
, -

;' 

number of. atomic tests must be performed. An example flowchart is provided in 

Figur~ 4.~, whi~h demonstrates the internaI h>gic the bridge must carry out in arder 
" , 

to decide aniong four 6uccessful and six rejection cases for an add request. Two of the 
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successfuJ 'add cases emerge in the CtlTrent formulation: agellt rreates lien' c-OJlfert'nce 

• nâmed n.1; and, cllairman adds agent (a DIAL-OPT connection scenario). The.other -
two cases re:'quire further facilities to impleIlle:'nt. For the first of these cases, where 

ét conference:' is initially create:'d, it is necessary 10 Ille:'et. the conditions: x:1= y.1 (i.e'. 

requestor...and target are one and the same); and x.1, n.l not contained in the grouping 

table g2.l (i.e. the chairman-t0-be, x.l, and the conference-to-be~ n,l, are new and 

uniquely-named). In the second case, where & conference is to be augmented with 

a new member, x;l#y.l, y.l is unknown to the grouping table, x.l is known to the 

grouping table, aFld x.i is the chairman of conferençen.l. Many othel' interpretation~, 

accompanied by the,appropriate logical predicates, may be envisioned. 

4.2 Stndy 1: Single .. Conference System 

This study exammes the bridge process in communication with a single agent 

process. Many similarities ar.e ,round between this Si~gle-Confere~ce System and the 
il 

, corresponding one of Chapter 3. 

The computation of the []-product arrives at 23 states (as was the case with the 

[J-product. of Study 1 in Chapter 3) and is discovered 1.0' be free of del};dlocks. The 

re~;ult, in graphie form, is given in Figure 4.5, while the algebraic output is available 
'" 

in Appendix B. Again, parameters are found to be correctly carried and passed within 

and hetween processes. The temporary storage by the bridge and requesting agent 
t> c ." \, " • 

. 
proce5s~s of all parameter values appearing, in a re,quest assures error-free internaI 
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exchanges for respon~es. sinct' a 'match Illust he achiè\red between the two set.s of 

parame~ers . 

The lllodular structure of the lj-product. a~ weIl as the inherit.ance of paired 

determinist.ic selections and the possibility of livelocks, are as observed in the Single-

Conference System of Çhapter 3. 

The application of the R-operator to the [J-product follows. The effect is rendered 
/ 

in Figur.e 4.6 and is provide? in algebraic form in Appendix B. It would be helpful to 

remove R-equivalent states to reduce the R of the ronferencing system further. A set 

of equivalence assumptions were made by the tools and inductively tested over two 

passes. The four equivalences detected are listed below: 

.. 
R(c/1(g1.1)[]a/lq(;r.l,y.1,Tl.l» = 

R ( c / LaI (x . 1. Y • 1 , Tl .1) [] aw 1 (x . 1 • Y . 1 , n . 1 ) ) 

R(c/2(g2.1)[]a/2q(x.l,y.l,n.1,m1.1» == 

R (c/~_ai (x" l,y. l, n .1.g1. 1) [] aw2(x.1 , Y .1, n .1. mL1» 

o ' 

R(c/l (gl.1) (] a/lqq(x .1,y .1.Tl .1.m2. 1) = 

R (c/Ldi (x .1,y. 1 ,n .1.g2. 1) [] dw1(x .1, y .1. Tl.l, m2 .1» 

This simplifies the original syste~ to 19 states (see Figure 4.7), Since the remain-

ing internaI events do not meet the stahility .criterion of Chapter 2, the system i5 said 
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to he unst,ahle. ... 

Finally, if ,t he reaSOll code paramet er ~et~ involv~d in· rejection procedures were 
) 

collapsed to have citrdinalities of one, thé R-equivalence would h'old for tly:- four pairs 

of states: 

R(c/O(]a/Oq- ) = R(c/l~r(]awl) 

R(c/l(]a/lq-) R(c!2_ar[]aw2) 

R(c/l [Ja/lqq-) R(ÙQ_dr[] dwO) 

R(c/1 [Jà/2qq-) = R(c/Ldr [] dwl) 

.' 

This would remove another source of instability. Figure 4.8 gives the constrained 

externally visible behaviour of this conferen~ing system. It remains an unstable sys-

tem due to the four deterministic pairings for indication and rejection. 

The comhined processing for th~ []-product, R, equi"al~n~e tests, and red,uctions; 

l.lsing the ,automated nep tools, took 4:~8 l!linutes of CPU time., Page faults were 

71.1k. 

'4.3 Study 2: Two-Conference System"" 
. " 

J -

The two~conference MES formulation consists of the bridge in communication 

-_ with two agents. Each agent has capacity fo~ one member agent in addition to itself. 

Computer processing capability restricts,this analysis to the' [J-product. " 

\ 
- 68-
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As an expt'rim~nt, the [J-product was first taken wit.h t he bridge kept.' to a lllaxi-

mum capadty of tW? agents (regardless of...grouping r. This' ensues in the single dead-
1 

lock, cI.2(g2'.1~ [Jaiàq(x .l,y. ,1,11. f ,mh1) [] aw2q(.r. 2 ,y. 2.1i. 2. ml. 2), which 

had been anticipated. This deadlock 'is due to the situation where both agent pro-

cesses have initiated conference,s, 'with themselves as the sole parti~ipants thu~ far. 

. , 
Both then attempt. to add a second participant ~o. their respective conferences. At 

, , 

this poi~t, however, the bridge can only accept a delete m.essag~ from either agent,' 

sinee it has reached its maximum capacity of two agents. If the bridge capacity was 

increased to handle four agents, if. would b~ possible ta create two conferences with 
, ..f " 

',i 

two member agents each (which would have all th~ee process'es at m.aximum capacity),': '~, .. . \., ... 

and eliminate the deadlock. 

". 

The []-product for the Two-Confer~nce Syst~m, with the bridge returned to the 

maximum c"apacity of faur agents, eliminat-es the aforemeIit~oned deadlock and
Q 

yields 

465 "tates in total. This 'ls the same number of states faund for the Two~Conference 

. . 
System of Chap1er 3. Processing time was 58:04 minutes; page faults were in the 

vicinity of 804.7k. 

The cayacity of the bridge ~nd agent pracess~s can be arbitrarily extended to 
~ ~ r , ~ ,~ , , 

produce larger conferencing systems, with no material difference in the inter:.opeJ;'ation 

of the processes. 

" 
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C-hapter 5 The ~b~fe~ncè-Based System 

,.. , , 

The Conference-Bast"d System -( CBS) is almost ident,cal in formulation to the 
Q l', .. ~ 

MBS, being an evolutionary 'step. Behaviourally, however, the CBS formulation allows 

. the bridge to operate on the basis of the number of outstanding confere.nces, regardless 

of the number of members 'in each conference, whereas th'e~MBS-bridge operates by 

l ' ." ,. 

counting ~he to't.al numoer of meIl1ber agents registéred in all co~ferences combined. 

The CBS approach thus ushers in a mote concise description of the bridge and a 
, 1 .... ;.~ 

" 
. ' 

new~ economical conferenct:-km feature. Wit-h the inco.rporation of a new para~eter, 
J 

1 

the now-traditional pair of studies, t.he Si'ngle-Conference System of a bridge and 

one agent and, the Two-Conference System of the same b"rillge with two agents, are 

reviewed. , . 

5.1 a Formulation of J:»rocesses 

, . 
. ' , 

Th~ natures of the CBS-bridge and ~mS-agent ar~ of the saml spi~it as t~ . 

pro cesses in the PS and MBS formulations. The brid~e's capacity is DOW expressed irt 
o • 

" 

terms of .number of c'onfere~~es 'rather th~n 'agents. The present bridge may handle 
1 
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two conferences each of arbitrarily large IlH'Imben,hip. The agent still s!lPports' a 

maximum oi two agents (including itself) in i1 single,conferehre. Only ~ne agent or - . 
- . . 

one conference is added to or delèted from {he profile of the conference system wit,h 

an appropri~te request message. Both t"he bridge and agent process ar~ deterministic. 

The CES message format is as aescri~~d in Chapter 4 and-illu&~rated in Figure 

4.}.. 

5.1.1 Use of Parameters . . . o 
or 

'The CBS;formulation prings forth the new test condit.io~ ?~ràmeter. The target, 

requestor, c?nference name, membership list and reas6n code p-aramet~rs conti~ue in 

. their duties. The gr.oupjllg table para.meter !s a~justed t? CQunt conferen~es 'rather 

than agents. 

,The CBS-bridge must d,i~tinguish between the addition or deletion of a conference, 

and the addition or deletion of a' ~ember agent from' an existing conference. Of these 
, ' . .' 
four functions; aIl of which are specified and interpreted v~a the target, requ.~stor, and 

conference name parameters, the route for the deletion of a conference i~ alt~red. The, : 

MBS formulation Implicitly required the conference chairman to be removed last, at 

whi~h point the c~nference woulâ also be -cleared,. \l'he CBS formulation does not ' 

restrict the ordering for. removal of' the chairman. The chairmiw may withdraw at . . 
any point from th~ conference, and thrqugh its withdrawal, kW the conference. This 

gives t"he Jlexibility of c1earin,g a confer~ncê in its entirety, regardless of the number 
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of conferees, with a single, suitahly-specified re'quest - a veritwkward task with the 

MBS-bridge, necessitating N e1elete requests for a conference pf N agents (in~luding 
1 .. 

and ending ~i th the chairmall). 

o 

The test COlldition or tn.! parameter is int.roduced in the bfidge, as a Ill~ans of 

correctly djrecting the []-product p~ocess, by appropriate conditional branchi~g! to 

= set apart conferen~e and agent manipulat.ion, Without such a device, the [J-product 

would incur deadlocks, particularly in the Two-Conference System. Eac,h set Tn 

contains a single and unique test. The test itself, in the form of, a literai witl'i con-

junctions, disjundions, etc., can be used as a test condition parameter nam~ taking 

the place of Tn .. Due to the binding procedures involved in creating the rf-product, 

the test cOJldition parp,rp.eters must also appear and be matched in the agent 's process 

description for t,he branching to operate.~ 

, 

It ml!§i.be noted that this methodology for conditi~nal branchi,ng is not entirely 

- . 
satisfac'tory. Although given the present work and the'constraints of the -automated 

tOdl~ used, it is effective and compact, the necessity for s)'mruetric appearance of 

the test condition 'parameters infboth processes is an av-ifi,cial construction, an~ for 

increasingly complica~eél systems, ~rone to er~oneous or cluttered results. Further,' 

the cases u~derlying the branching must be 'CQIlceived and verified by the protocol 
1 

, . 
designer. As a more structured àfternative, a Prot9type tool has recentIy been devel-

: oped which builds sub-cases for each pair of paràmeters 'within a ~ransition on the 

basis of an equality operator. This approach Ieads to an explici tIy énumerated 'set 
. . .. 
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of sub-cases upem whjch branchings ma.y be imposed, taking away the tas.k of case 

construction from the designer. The drawback to this methodology is Joss ,of ("OIU-

padness. It is anticipated that sOllle hybrid of the t-wo branching methodologies may 

be advantageous'. 

'" 
The grouping table parameter is char~derized differently frorn the MBS formuJa-

~ion for the CBS-bridge, b~t Is still responsible for tracking conferençes by maintaining 

/' 

multiple membership Iists with 'respective conference names and, initiator (chairmaIl) 

J t 
identities. Recalling (but modifying) the example of Chapter 4, if the parameter - , 

stands at 92.1, it now means that there are currently two conferences being tracked 

by the bridge. Externally, the number of member agent~ in each conference is not 

apparent, except by observation of the states. of initiating agents. The parameter only • 
/ 

proctleds to 93.1 when.a new conference is created (in the presence of condition t3), 

or to g1.1 (with condit.ion tl) when< t.he conferellce-kill feature Îs invoked (equivalent., 

~ ? 

to the removal of t.he ch airm an ). Based on .the request and the preceding grouping 

configuration two out cornes are possible. First, for the creation of conferences, a- }:1 

J 

mappin.g exists such that gj+1.1 is created given the parameters gj.l, :r.l, y.1,' and 

n.1. The inverse of this rnapping must also· be available for conference-kill. This 
" 

. ~ 

mapping is simulated in the ptocess descriptions by rewiiting the preceding grouping' 

table parameter by the current one, as before. Second, w'hen an agent is a~ded to or 

, deleted fr0ll! an :psting conference~ the table is updated internally, but the paràmet~r 

name is Jeft unaltered. 'In'stead, another table Îs taken from the same set Gn whic~ A 

contains all n-<:enferenée grouping tables to manifest the change in membership. 
/ . 
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5.1.2 . Description of Agent 

The state-transition dlagram of Hl st.at('s for the CBS-agent is similar to the PS 

and MES agent. p.rocesses. with capacity for one member agent. in addition t.o itself. 

.. 
The diagrâm 18 given in Figure .5.1 ,with the DC'P expressions provided ~n Âppendix 

C. The usage of messages and parameters is as for the MBS-agent. 

Th~ agent process, in contrast to previous formulations, now has the conference-

,kill facility. To operate, an extra transition must be inserted from dwl (and' ~ub-

sequently from every state dwn) to a/Oqq, in order to c<;>llapse a conference {rom 

the agent 's side. Concurrently, whèn a conference 1s collapsed, the membersrup list 

parameter 'in the agent falls from mn.1 to no list at all. 

• f. The CaS-agent can be replicateâ to f~rm [J-products of the brjdge with Nagent 

o b / ~ 

processes (N=l, 2 being the current examples), where the identities of agent processes . " 

are difr~rentiated through t.he de-.conflicting proc~dure of the tools. The formation qf 

• Q 

su ch a series of [J.products is limited only by th.e conference capaciiy of the bridge, 

since each agent process, acting as a ch airm aIl , can generate a conference. This generic' 

an9 modular ag~nt pr,?cess description is gen~raliz~ble to an! mem~er~hiP"capa~ity, 
with the I,lumber of states equal to'9A+l to handie A agents. . . 

5,\.'3 Description of Bridge 

The state-transition diagram of the 'bridge procels has 13 state's and i~ drawn in 

Figure 5.2, with algebraic descriptions do('umen,~ed in Appendi!X C. The CB,S-bridge , ~ 

1 
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ran support two conferences ead! of arbitrarily large membership. (The MBS-bridge 

.. 
\ ... 

was not limited to t,wo conferences, but in the [J-product with one or two agent 

processes, no more than two conferences could be created.) The bridge's decision-

making. capabilities remain in fone (n,fer to flowchart of Figure 4.4). 
~ . 

'J'he CBS-bridge has the major ~tates, ciO, cil, c/2, ~nd has the same form as 

the single-conference PS-bridge or the MBS-bridge but for two extra states. cIO is the 
• 1 

ever-present empty state, where no conferences have as yet been cqnstructed. 

remaining major states indicate the total number of conferences, where the act al 
J IT ,.' ~ 

configuration is furnished within the grouping table parameter, gn.l. It is c ear 

that this br}dge process is again modular, as outlined in bôld in Figure 5.2, nd 

generalizable with 5C+3 states based on a capacity of C conferences. 

(> 

In order tQ exemplify the operation of the CBS-bridge, state (8) of, the process 

description is excerpted belo~: 

\ 

(8) c/2(g2.1) = 

J 11.-

J 
+ #(x.1,y.l,n.l) 

+ #(z.l,y·.l,n.1) 

+ #(x.l,y.l,n.l) 

+ #(x.l,y.l,n.l) 

-'" 
.. 1 

a.q? (x. 1, y. 1 , fi.l) 

a.q?(z.l,y.l,n.1) 
- --::;-'-- J 
d.q? (x .1 , y.1 , n.l) 

d.q? (x . 1 , Y . 1 , n . 1 ) 

-t 

"'"' 
" 

c/3..al.rx .1 .. ,y.l,n.l,g2 .1) --) (9) 

c/3~r(x.1,y.1,n.l,g2.1) . , --) (10) 

c/1-di(x.1,y.l,n.l,g2.1) -~) (11) 
\ 

~/1~(x.1,y.l,n.l,g2.1) --) (12) 

,; 
1 

Here, the state_name c/2 indicates that two conferences exist wlth the total 

number of enrolled -:i.gents unavailable. AU four transitions are of similar form, with 
" , 

- the three paJ.Iieters (x.1 t'Y .1, n .'1) drawn from locaLbindings. This transition 

" , 
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equation. ihen. allows the bridge to açeept one of two possible request. messages, each 
1 • 

of which has a pair of df.>Ù:rmùôsf.i,ally seJectei;uceessor proce.sses. The first pair of 

suceessors originate from an add request from a requtJd.or ;r.l, with the targ~t agent to 
, ' , 

" hë added y.l under cOllference llalIlt".n .1, all as in Chapter 4". The suee,essor proeesses, 
" . 

c/3_aJ. and c/3_ar, are branchings generated {rom a bridge decision to aecept or reject . 

the request, a,s the .suffixes suggest. Every one of the incoming parax:neter values, 

along with the original parameter g2. 1, must he retainep. for the response. Once the 

res~onse is ~mitted, only the gn.~ parameter is held for s~bsequé~t actions such as 

. 
IdeJete requests. The second pair of hranchings arise from a delete request, carrying 

three parameter values as ahove: Again, hranchings occur on success or failure.of the . . 

request. 
1 

The hridge, in state (8), is at the maximum capacit.y of two .conferences, which 

precludes the addition of more conferences but not more agents. State (9) returns to 

the major state c/2(g2 .1) or state (8) -since only the t4 condition (to add a~ agent to 
Co 1 ~ 1 

an existing conference) may he satisfie.~. State (11) eventùally goes to either major 
\) 

state c/Hg1.1) br c/2(g2.1), depending on whether the t1 (deJete confer~e) or 

t2 (delete agent) condition is met, rèsp.~!(tlvely., The two failures loop back to state 

(8) . 

5.2 Study 1: Single-~onference System 

j !h~ study ex~mines the bridge process in communication with a single agent 
\ 

pr2cess. Many similarities are found betwe~n this Single-Conference System and the 
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rorresponding on es of preceding chapt ers. , 

/ 

The [J-produd is comprisecl of 23 st.'at~s (t he salUe numher as the []-produçt. of 

'Study 1 in Chapters 3 and 4) and is deadlo("k~frt'e. The 'graphjcal interpretation is 
, . 

given in F~ure .5.3, while the algehraic ou~p~~ is available in Appendix C. PariÎ.rneters 

are correc'tly carried and passed within and hetween the processe& temporary 

, 
storage hy the bri~ge and requesting agent processes of a11 parameter'valu~s; appearing 

in' a request e~sures error-free internai exchanges ,for responses, sinee a maich must be 

achieved hetween the two sets of parameters (including the test condition parameter 

for hranchings) . 

. 
The modular structure of th~ [J-product, as w~n as the inheritance of paired 

1 

deterministic selections and t1fe .possibility of livelocks, are as ohserved in the PS and 

\ 

MBS Single-Conference Systems. J 

The applicatiôn of the R-operator to the [J-product yields a picture analogous to 

"-
previous results, except for the behaviour at c/O_d1 [] dv1. ciO_di [] dvl lias the two . ' 

. . , 

successor states c/o[] a./Oqq and cIl [] al.lqq' to allow for the killing of a c,onferenee 

or the deleti6n of an agent from a conference, as appropIÏate. The effect is' rendered , , . . 
t' , 

in Figu:r:e 5.4 and is provided in algebraic form in Appendix C,. 

1 

DisposaI of R-eq'uivalent ,states would reduce the R of the conferencing system 
..-;" . 

further. A set of equivalence assumptions were made by the too18 and inductively 
'. 4 ~ , 
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tested ov«r four passes. This time, thref:> equivaleIl<"es were unŒverf:>d, these being: o. ' .; 

• i(c/l(g1.1)[]a/1q(x.l,y.1,l1.1» = 
R (c 1 Lai( x . 1 , Y . 1 , 11 • 1) [] av 1 (;~ : 1 , Y . 1 , Tb • 1» . 

R(c/1(g1.1) [] a/2q (x.1 ,y. ~, 11.1, m1.1» _ 

R(c/2_ai(x.1,y.1,l1.1,g1.1)(]aw2(x.l,y.1,l1.1:m1.1» 

R(c/O[]a/Oqq(x.1ty.~.1» = 
, 

R(c/O_di(x.1,y ',1, n'. 1 ,g1.1) [] dwO(x.1,y.1, n. 1. m1.1» 

• 1 

This simplifies the original system to 20 states as shown in Figure 5.5. The ex-tra 

" . 
transition from ciO_di (] dv'1 prevents the inclus~on of the fourth equivalence of the 

~ -
. previous formulations. The Conference-:.Based System is unstable by the definition of 

Chapter 2. 
.' 

• 

finally, if the reason code Iparameter sets were obliged ,to have ~atdinalities of 

, , 

one, the R-equivale~ce would hold for the four pairs. of state§: 

R(c/O[]a/Oq- ) R(c/Lar[]av1) , 

R(c/1 [] a/1q- ) - R (c,l2..ar [] av2) 

R(c/1 []a/1qq-) - R ( c/O.dr [] dvO) 

R(c/1 (] a/2qq-) - R(c/Ldr[]dvl) 

) 

--
This would remove another source of instabilit.y. Figure 5.6 gives the ronstrained 

r , 

'" 

externally visible behaviour of this conferencing system. It remains an unstable sys-

~~m clue to the four ,deterministic pairings for indi<"ation and' rejection. 
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tht' alltolllated DCP totll .... fCl/IlH!'t! h Dl' 111111111," ,,1 ('PI 111I\(' p,,~(' 1.\Il1h "t'fe tltt sh 

/" 
5.3 Study 2: Two-Con:erence SystClll • 

The two·conferenrr-('BS forllllll.tlioll (Ol\".,t., of t II(' ~lf\(l~t' III COIIIIII~IIIH .\t IOIl 

wlth two dl!;eTlt~ Earh t\gent ha~ cap.Hll~ lor olle 1IH'lJdwr .ill/'Ilt III .uldlholl 10 It.,('11 

The [1·produc1 for tht· TWO'('Ollft'H'I1«(' ')).,1('111 produ(c., Ih:) .,I,tfrh III total III 

terestlngly, tl\l5 IS the ~aIlle Humber of "tatt'., fuund for th!' Twu·( 'ollf('f('II«' SVhl('III" , 
of C'hapterf> :~ and 4. Processmg llll\{, f\mo\lllfl'd 10 :)(; ~"l\llI\ll(''', pt\~(' f<~lllh W('TI' 

"-
approxlIIIatt'ly ïï4.1k Both fif!;urc., .Ut' le." th,U\.tht'IT (Ollllt('TjMrh III SllIdy '2 of 

(,hapter 4. Although an extra paraIlwII'r and ..,ot!H' addlt\OHa.1 traIl.,!llOm ,tn' pr('''('lIt 

in thle:; formulatIOn, the cornputlIlg gaill" dT(' ,H hwved duc to t/II" ('conOIllI( t\1 CBS 
.<' • 

bridge pro~ess. (In the Smgle.('onferenre Sy.,tt'llI. the .addlt lonal e1t'lIIen't!. overhhadow 
.-

any prospect for galIls.) 

The capaClty of the bridge and agent pro( e"se ... cali he f'xt('nded to produce lar~('r 

conff,"rencing systems. The above ddference~ lTl rOlllpactlw~", and rOlllputing wo{dd, of 

course, become more pronounred and lllCf{'a~Jn~ly III favour of th~ CRS forJJlulatlCJlI C 

for bridges and agents of greater conf('rt>Tlc{', and lIwlllb('r~hjp·handIJng rapanty 
• 
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C~hapter 6 Conclusions and Future Direction 

'l'hl'> final chaptt'r rt'caIls the results of the three prevIOUS chapters, provldes a set 

of ~f'rl!'ral (Ollrl\l:'IOII~ dIHl glVf'~ same short fOllllllents on th~e possible future actlvitres 

III tlw, field. 

l' 

6.1. Summary of Results 

Tdhle (j l hst~ the formulatIOns and findings for the Prelinllnary-, MembershlP-

Ba~('d-, and CdMerenct'-Based-Systems, a~ reported In Chapters 3, 4 and 5, respec-

tlvt'ly ('oIlllllennng at the top of the Table. several observations may be made: 

• Reading from left to right, the use of parameti'lZation mcreases, from two 

parameters in the PS formulatIOn to seven in the MBS~ With the formu­

lations t.hus acqUlrmg greater expreSSIve power, the functions over which 

Illf."Ssages are based are reduced from four to two and, the carriage of agent 

identJtJes in state- and message-names is eliminated. 

• The agent process description. m all cases, has 19 states and can supPQrt 

1wo member a~e'nts (induding itself). However, in the PS, the agent has a 

t wo-dement IlH'mOr) (for the target agent and reason code), while in the 

MBS and C'BS. it has a five-element memory (for the agent or requestor 

- 8Î -
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FOH M [' 1 A J'I():--'-

targt't, r<-!lson code 1 i r<-'1Il~,lor,' onf .. r<-Il' <- Il lU il. , 

.' 

('Il'. 

~mKl"('()1I1 1 l'wu· (',,"f 

-+ 1<-41 ,ond.lwlI 

________ + _____________ +~f(H1plll~ la~I .... ~I.lllb.r.ll1p Il,t 

n .. ale, add, 1 .ul,l, (frl<-l'r 

______ d_<-_l':t.~·.clr~~ ___ i' -' ... 
III stalr· and 1 IhHl\lllrlru.<-d 

mrssagr-nanl'" 1 

19 

-------~----------------,--
1 

nia !IA Il 

I-----'~-----'--------J__------,--- - - -- f-

11 57 ~ 1 , II 

---f- 1 - -

) 

nia 5A+ 1 , r,e t '1 

23 23 41J5 46~, 

1-----'-------+-------+------1---- -- ---- - -

19 nia 19 n/li -

.-__ --'---------.!:_+ __ 1_1_8 __ +-----_2_0_3_0_1 __ ~M __________ r)8 ~~ __ 

1 71.1 11047 207 2787 

r,/} !; 1 

, 

774,1 , 

fi O:Z 

Table 6.1 Summary of Rebult" 

1." 
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Hlenllly 1 aq!J'1 ,lw'nt. (old/'re'lI( C' IlcllllC. 1JI~llllH'r"lllp Ir~t. and rea::.on (ode) 

JII 1 1 If' ('HI) tl)/' ,tg/-lit l' nhlc' Il! dm·eth ('ollap'Se a wnfe:ren,e that Il ha'i 

Inlllalt'cI \11 t/rrl'c' clgl'1l1 IH(Ht'"''c''' are gl'nerahzabl.e wlth 41\, l states to 

/rancllc' .\ d~(,111, 

• 'J 1(1' hrrdf.!,e pru(t'" d/',<rrpllOli a, Il h ctuglITérded wlth paralJ)elnz~tlOn. 

(h,UI).!,/" Irolll dll IlIflc-Xlhl/' ulW wlt Ir ddlerf'I11 hndge~ n('cessar)· f~r the 

"Ingle- and 1'\\'0-( 'onft'rell( (' PI:! where eac~onference has capacity for two 

lIlellllH'r". to il V('ry compact, umfled process Wlt h arbltranly large member-

. ~hlJ) (apaClty wltilln f'ach conference m"the CBS The PS b.ndges have one 

('If'II)('nl of Illf'mory for each target agent, the MBS and CBS bridges have 

four-f'lelllenl IlH'lT\OneS for the requestor, target agent, conference name, 
- , 

and grouplng table. The MBS- and CBS-brIdges can be gel2~ralized with 

.1A -t 1 sI al es t 0 handle A agent s for the formeT, and 5C +3 states for C 

('()nfereTlce~ for the lat t/'r Dedson-makmg capablhtIes for the brIdges are 

1 also /Ilodlfled III successIve formulatlOn'S. 

• J'he Single-Conference [J-product exhlblts 23 states, wIthout deadlocks, for 

aIl formulatIOns The form of the []-product lS also (onslstent across the 

three. wlth the exceptIon of the extra transitIOn for the conierence-kill 

feature m the CB~ [J-product. The Two-Conference [J-p'roduct yields 465 

~tates. wlthout deadlocks, for aIl three formulations. 

• .The Slflgle-Conference R-reduced gives 19 states for the PS and MBS with 

fou-r eqUlvalences found, and 20 states for the CBS with three eqUlvalences 

discovered, the latter due to the extra transition for con ference-kill. The 

o R-reduced ,is not performed for the Two-Conference systems. 

• Computation time and pa~faults grow with Illcreased complexity (left to 

right) for Single-Conference systems. For Two-Conference systems, there 

is an increase from the PS to the MBS, but a clip from the MBS to the 

CBS due to t he very econoIll1cal brIdge description in the latter. 

6.2 General Conclusions; 

It is ("vident from the evolution of and the resultapt computations fOI the formu-

lat ions of Chapters 3. 4 and 5 t hat: 
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.\ fOIl Il cl ,\! 1011. IllclU(hll!.!, d 11l1l(CPIlI.d,tr."I!W\\prh fllr Ih(' I)r/((~(' ,\lit! d~!'II' 

6(hscrele' IHoce!'>~e,. ,l' \\dl ,l' ,1 1101.11101\ lor ,1 lIle"',I!!,t' clnlllll'rtllrl' ,\llll . 
paralllf'ler .... hé'" llt'I'll ('oll'frlll tt·t! tllr fllrllll'r l''(plor<lllOlI \lf \'ollll'f('IHIIIJ.!,. 

Th" nldll.., .IIlO \,.11\111.\ III p.lr.11I1.·tTlI.ltl\l1l Ilcl' 111'1'11 11I\(' ... tl).!,cltc-t! III tilt' 

eontex! of the ~tlrrcnt t\lrlll \d ,'.1 1011'. \\Itlt IH\l!!,rt'''!'>I\t'h PII"Itl\'t' IIldHëll\\\II" 

lor (OIllPcH Ilw ....... prU( t· ... ' !.!,t·III'[,dl/"tIOIl. (Orr,·( tlll· ........ llId (OIl'lIlII.IIIOII,d 
"\ .' 

e!iioelle.\' III de ... ( nlllll!!. 1 lI(' hndg;/',. ,1g;1'1I1 ..... 11 Il 1 IlwIr 1111 l'r<l( 1 IOIl~, ... ., III).!,h 

hghted b.., the ('onlf'rcl1«(, LLI~cd Sy~tcIII. 

-. A braochmg llIecham .... lll, elllplo.\l11~ ff' ... f (oCl(lIfloCI P'lfrlllleter-., ha!> h«'«'11 

o uSt'd to suhstaotlal (iChant'I)!;(,. pro\J(hIl~ In'olg;hl toward the dc'veloplIll'lIt 
( 

of branehml!; and'casf' cOIl-;lrllch., and, 

.- The useflllness of alltomated proto('ol analy~l~ tool!>, parlj(ularly thoM' 

'hased on DCP, has been dt'IllOlbt raled 

6.3 Future Work 

, 
\ 

Future work in protocols for conferencÎng ~ystelll~ l>hould prof('ed M) ab to: 

r 

• Extend the present formulatIOns to incorporate probe!> to and acknowlt'djl;c' 

ments from target agents, multi-channe] operatIOn, vario\l!> error-dt"tectlOlI 

and error-survlval schemes III IIlformation t ran!>fer, enhan< ed fC'aturf'l. for 

more advanced conference mampulatlOn, and bndge-bridJl;f' fomlllunifatlOlI , 
for mulh-bridge scenarios; 

• Construct an algebra on the present Ilntyped l.ets to provlde for functlOn~ 

ofparameters and relations (beyond the -- comparator) al110ng paramf'ten,; .... 
and, 

• Further develop the automated tools, spenfica.lly for bran ching and hul,· 

case analysis, as well as for inclusion of synthesls procedureb, . 

" . 
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8RIOŒ (Sine1e-Confer_c.) 

NB. 
y .. 

~ followjng corr .. ponôenc •• hold for .~te n .... in Appendlx A 
.net text of Ch.pter 3: 

, 
i4, r4 :: i2, r2 16, r6 = i3, r3 ;13, rU ;4, r4 c/2_1 = c/l_2 

(e). cl_ '" 
~ 

(1) 

(2) 

(3) 

, 

(4) 

(6) 

(15) 

(7) 

(8) 

~ 

+ lc_q? il --) (1) 

• 1c_q? ri --) (2). 

il .. 
• lc_i 1 c/1_1 --) (3) 

rl • 
• _(c.1) . 1c_r l (c.1) cl_ --) (e) 

c/l_1 
(f 

• II_q? i4 --) (4) 
, 

• 11_q? , r4 --) (6) 

• '(x.l) la q?(x.l) - ~ 
i6(x.l) --) (e) 

+ '(x.l) la_q?(x.l) r6(x.l) --) (7) 

i4 = 

~ + II_il j,c/e --) (e) 

--
r4 c 

• '(1.1) 1IJ',(1.1) c/l_l --) (3) 
• 

;6(x .1) 

+ la_i!(x.l) c/2_1(x.l) 

!Hx.l) .. 
• '( •. 1) J~ la_r' (1\.1, •. 1) 

c/2_1 (x .1) = 
+ 1d_q?(x.l) ;13(x.l) 

+ Id_q?(x.l) rU (x .1) 

--) (8) 

c/1_1 

~ (8) 

--) (18) 

--)' (3) 

" 

~;. 

f .~ 

.. 

~ 

~ 
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1 

(g) il3(x.1) = 

+ Id_i' (x.1)' ; c/l_l --> (3) 

(1.) rI3( •. I) 

+ '(d.l~ . Id_rl(x.l~d.l)~ c/2_1(x.l) --) (8) 

A~T1 --------------------l-----~------------------L------------=-~-----------
----

, 
(e) laie = 

+ lc_qq? hwlq , --) (1) 

(1) la.lq 

+ 1c_q l 1 •• 1 --) (2) 

. \ . (2) iawl = 

• lc j? • la/lq --) (3) 
-' 'Jo 

• I(c.l) . lc_r?(c.l) ; le/eq(c.1) 

(3) la/lq ,. 

+ lc_i i 1 hll --) (6) 

(4) 1./eq(c.l) = 

• lc_rr l (c.l) laie --) (e) 

(6) lal1 

+ f(. 1) la qq?(x.l) law2q(x.l) 
1 -

+ l',.gq" lc1weq --) (7) --
(8) 1 .. 2q( •• 1) ,. ~ 

+ l'a_ql (1.1) 1 •• 2( •. 1) --) (8) 

(7) ,1 ...... ,. , 

+ ll_ql 1 .. --) (g) 

(a) 1_2( •. 1) 

~ 

'l 

" 

--) (4) .... 

~ 

, --) (8) 

.' 

o \ 
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.... 

• 1a_;7(x.1) , la/2q(x.1) --) (UI) 
~ 

• t (a 1) 18_,.7(11 1,_ 1) h/lqqq(lI l, - 1) --) (11) 

(8) 1", = 

~ • 11_17 , la/8qq --) (12) 

• 1(1.1) . 11_,.7(1 1) , 18/lqq(1 1) --) (13) 

(1.) h/2q(lI.l) 
.. 

• le_,jI(lI.l) 18/2(11 1) --) (t4) 

(11) la/1qqq(x.l,a 1) '"' ~-
• te_,.,.' (x l,a 1) , tell --) (6) "r 

(12) 1e/8qq 

+ 11_ ii , '; hie --) (e) 

(U) h/lqq(1 1) =: 

+ 11_",,' (1 1) hll --) (6) 

(14) h/2(x.l) 
• 

+ Id_qq7(II.l) Id.lq(lI.l) --) (15) 

(16) 1dwlq(x.1) . 
+ Id_q' (, .. 1) Id.l (x 1) --) (le) 

(18) Id.1(x.1) = 

• ld_;'(x.l) ; la/lqq(x'.l) --) (17) 

• '(d 1) . Id_,.?(x l,d 1) ; h/2qq(x l,d 1) --) (18) 

(17) h/lqq(x 1) = 

+ Id_, l '(x 1) , 18/1 --) (5) 

(18) h/2qq(II.1,d.l) =: 

'-s • ld_,.,., (x l,d 1) , le/2(x.l) --) (14) 

BRIDGE 11 AGENTl -----------------------------------------------------------___ _ 

'\' -



--.J ~ } H 

, 

( fI) (cl" [) hl") 

lc_qq? ; (cl" [) hw1q) --) ( 1) 

( 1) (cl" [l l •• lq) = 

~ • lc_q 1 Ci'l [J hWl) --) 2) 

• lc_q (,.1 () bwl) 
0 

--) ( 3) 

( 2) (il [) hwl) = 

• lc_, • (c/l_l [] b/lq) --) ( .) 

3) (,.1 {] hw1) 

~ • '(c 1) 1c_,.(c 1) • (cl" (Jar:h/flq (c 1» --) ( 6) 

\, ( .) (c/l_l (J h/lq) = 

\ 
• lC_1 Il • (c/l_l [] 1./1) --) ( 8) 

J ' ,JI \ 

( &) (C;" [] la/lq(c 1» = 
• lc_,.,., (c,l) (cl" [] hl") --) ( fI) 

( 5) (c/l_l [] 18/1) = 
• I~a 1) _ l._qq?(x 1) • (c/l_l [] 1 •• 2q(x 1» --) ( 7) 

ll_qq" • (c/l_l [] Idweq) --) ( 8) 

( 7) (c/l_1 (J 1 •• 2q(. 1» = 

Cl. 
• h_q(x 1) . ( ,6 (" 1) [] 18.2(. l)} --) 9) 

• le_q(x.l) , ("6(x 1) () 18.2 ( Il 1» --) ( 11) 

( .) (c/l_l [] Id..eq) 

• l'_q • ( •• [] ldwe) --) 11) 

• 11_q • (,.. [) lctwe) --) 12) 

( ~) (i6(a 1) [) h.2(a 1» = 
• h_i (a 1) • (c/2_l(a 1) [] hl2q(. 1» --) ( 13) "-

( 1.) (,.6(. 1) (] 1 •• 2(a 1» = 



~ ~ 

( 
• '(a 1) ta_rex.l,a.l) 

(i .. [] Idwe) 

, (c/l_l [] lailqqq(x l,a 1» 

( li) 

• 11 (cl. [l la/8qq) --) e lEi) 

co 

1,2) (r" [] Id ... ) 

• 1(1 1) 11_r(1 1) , (C/l_l [] la/lqq(1 1» --) ( le) 

(13) (c/2_1 (x .1) (] la/2q(x .1» 

• la_; " (x 1) , (c/2_1(x 1) (] la/2(x 1» --) ( 17) 

(14) (c/l_l [] la/lqqq (x l,a 1» = 

•• la_rr' (x l,a. 1) ; (c/1_1 [] la/l) --) ( 15) 

(16) (c'_ [] la/8qq) = 

.. 11 j,. . (c/8 (] laIe) --) ( 8) 

(le) (c/l_l [] la/lqq (1 1» = 

.. lI_rr l (l.l) • (c/l_l (J la/l) --) ( 15) 

(17) (c/2_1 (x 1) [] la/2 (x H) = 

.. Id_qq?(x.l) ; (c/2_l{x.l) [] ldwlq(x.l» --) ( 18) 

(18) (c/2_1 (x 1) (] Idwlq (x 1» = 

• Id_q(x.l) , (i13(x 1) [] ldwl(x 1» --) ( 19) 

• Id_q(x 1) (rU(x.1-) (] Id.l(x 1» --) ( 28) 

(.1~) (i13(K 1) n. Idwl(K.I» = 

+ Id_Î (l< 1) ; (c/4_l [] la/lqq(x 1» --) ( 21) 

(28) (r13 (x 1) [) ldwl (x .1» = 
.. '(d.l) . Id~r(x.l,d.l) (c/2_l(x.l) [] la/2qq(x l,d.l» 

(21) (c/l_l [] la/lqq (x 1» = 

.. ld_i i 1 (x 1) ; (c/l_l [] la/l) --) ( 15) 

--
t 

.----

--) ( 14) 

.. 
t. 

,.. 

--) (22) 1 

r 



~ t ) •• 

(22) (c/2_1(.1) [] 18/2qq(. l,d 1» = 

• l'cCrr
'
(x.l.d 1) ; (c/2_1(. 1) [J 1812(. 1» --) ( 17) 

R (BRIDGE-[l AGENTl) --------------______________________ ~ _____________________ _ 

(') R«e/' [l la/'» = 

• le_~~ • R(7.[] lawlq» --) ( 1) 

( 1) R«e/' [] la.lq» z , . 
• le_i " • R{(e/l_l [] 18/1» --) ( 8) 

• '(e.1) . le_rr'(e 1) R«e/e [] la/8» --) ( e) 

(2) R«il 0 la.1» = 

\ 
• le_Il! ; R«e/l_1 [l 1a/l» --) ( 8) 

(3) R«rl [l 1a.1» = 
• '(e 1) . le_rr' (e.l) , R«e/e (J laIe» --> ( e) \ 

( 4) R«e/l_1 [] 1a/lq» = 

• 1e_, i'; R«C/l_1 [] 18/1» --) ( S) 
~ 

( 6) R«e/e [) la/llq(e 1») -;: ct 

• 1c_rr 1 Cc 1) • R «c/e [] laIe» -- > ( e) 

.-/ 

( e) R«e/l_1 [] ta/l» 

• '(x 1) h_qq?(x 1) • R«e/l_1 [] ta.2q(x 1») --) ( 7) 

• ll_qq~ R«e/l_l [) ldwllq)} --) ( B) 

( 7) R((e/l_1 () taw2q(x 1}» =-

• la_" 1 (x.l) • R«e/2_1(x 1) tl la/2(x 1») --) ( 17) 

• l(a.1) . 18_ .... l(x l,a 1) ; R(e/l_l () lall» --) ( 8)· 

( 1) R«c/l_l n 1ctweq» = 

• 11_;,1 R «cil (J la"/.» --) ( e) 

• 'Cl.l) ll_rr' (1 1) • R«e/l_1 [] la/1» --) ( 8) -
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8) R«i6(x 1) (l la.2(x l)t) = 

• 18_"'(x.l) ; R{(e/2_l(x.l) (] 18/2(" 1») 

(18) R«r6( ... 1) 0 1 •• 2(11.1») = 
+ '(a.l) . 1._ .. ,-1 (x.l,a.l) , R(,(e/1_1 [] la/1» 

-C 

(11) R« •• [] 'ldwe» = 
+ ll_,i' R«e/e (] laie» --) ( e) 

(12) R«r4 [] Id .. » :: 
# .,(ll1).II_rr'(ll) R«e/l_1 [J la/l» 

(13) R«e/2_1 (x .1) [] h/2q(x 1») :: 

+ la_ijl('x.l) ; R(fe/2_l(x 1) [J la/2(x.l») 

(14) R«e/l_l (] la/lqqq(x l,a.l») = 

--) ( 17) 

--) ( 8) 

--) ( 15) 

--) ( 17) 

+ II_rr'(x.l, •. l) ; R«e/l_l (] 11/1» --) ( 8) 

16) R( (cie (] ia/8qq» :: 

+ 11_, i • R.«e/e· [] hie» --) ( IJ) 

(18) R({e/l_l [] la/lqq(l.l») = 

+ l'_rr' (1 1) , R«e/l_l [] la/l» --) ( 8) 

( 17) R«e/2 l(x 1) [J 18/2(x 1») = 

+ Id-qq?(x 1) , R«e/2 1(11.1) [J ,1J_l q (x.l») - - --) ( 18) 

(11) R«c/2_l(i 1) [] Idwlq(x 1») = "" 

+ lel_i i' (x 1) , R«e/l_l (] lall» --) ( e) 

+ '(d.l) • IdJr l (1I.1,d.l) ; R«c/2_1(x.l) [] 1I/2(x.l») 

(18) R«i13(x.l) [] lel_l(x.l») '"' 

+ ld_l Il (x .1) ; R«c/l_1 [) lall» --) ( e) 

(28) R« .. U(x 1) [] ld_l(x 1») = 

e 

~ 
l' 

--) ( 17) 

-
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+ '(d.1) . 1d_""'(x.l.d.l) , R«c/2_1(x 1) [) h/2(x 1») 

(21) R(~C/l_l Cl l./lqq(x 1») .. 

• Id_ i i ' (x .1) ; R «c/1_1 [] la/1») . --) ( 6)' 

(22) R«e/2_1(x.l) [) la/2qq(x.l.d.l») = 
• J 1d_,.,.. (x.1,d 1) , R«c/2_1()(.1) [] la/2(x 1») 

St..,.t.,nSl p ••• 

St..,.t,inSl p ••• 2 

--) ( 17) 

--) ( 17) 

EQUIVALENCES ---------------------______________________ A __________ ____________ _ 

.... (R«c/l 1 [] la/lq» , R«il (] la.1») 
--) (4):Ra (2) • -

.a (R{(c/2 l()(.l) (] 1./2q(x.l») , R«iS(. 1) [] la.2(x.l») 
--) (13).. (SI) ~ 

ca (R«c/I (] la/8qq» , R«ri4 [] Id"») 
-,) (15) = .. (11) • 

(R(te]l 1 (] la/lqq(".l») • R«,13(x 1) '[J Id.lCx 1»» 
--) (21) == (18) 

R-REOUCED -~---------------------------------------------------_-----__________ _ 

(e) R«e/' [l l./e» 

• 1c_qq7 ; R(Cc/' [l l •• lq» --) (1) 

(1) R «cl' [] ta.lq» 

• lc_, i' , R«c/l_l [] ta/1» --> (S) 

• '(e.l) lc_,.r'(c 1) ; R(Cc/e [l 1./e» --> (e) 

.2) R« i 1 (] 1 •• ,1» .. 
• lc_"' , ~R«c/l_1 [] la/l») --) (6) 

(3) R( (ri [] 1 •• 1)) .. -
• ,(c.~) lc_r,.! (C~l) R(c/l [l 1./1» --) (1) 

(4) It«e/' [] la/8q(e 1») • 
• lc_,.r'(c.l) ; R«e/l [l 1./1» --> (1) 

(6) It«e/l_l [] la/l» 

tilt 

....., 

<0 



~ ~ ~ 

• ,( •. 1) . h_qq' (x .1) R«c/l_1 (] h.2q(x .1») --) (e) 

• ll_qq' R«ell_l [) Id.eq» --) (7) 

(8) R( (c/1_1 () 18w2q(x .1») = • 
• l8_i jI (x .1) ; R( (c/2_"'1 (x .1) () 18/2 (x 1») --> (1"~ 

• '(a.l) . la_rd (x.l,a.l) ; R«c:/l_l [] la/l» --) (6) 

• 
(1) -R~ (c/l_l [) lclweq» = '\ 

• ll_iil ; R«e/e (] la/e» --) (e) 

~ '(1.1) 11 ""'(1.1) R«c/1 1 [] 18/1» 
- 1 -

--) (6) ; 

(8) R«i6(x.l) [] h.2(x.l») = 

• h_,i'(x.l) ; R«e/2_1(x.l) [] la/2(x 1») --) (14) 

(8) R«r6(x.l) [) la.2(x.l») = 

~ '(a.l) . la_rr' (x l,a.l) R«e/l_l [] hll» --) (6) 

(1') R((I .. [] Id .. » = 

• ll_i" R«e/e [] laie» --) (e) 

ft 

(11) R«,. .. (] Idw1» = 

• ,(!.l) . 11_r,.I(1 1) R«e/l_l [] 18/1» --) (6) 

(12) R«e/l_l [l 1./1qqq(x.l,. Il}} = 

+ 18_"'" (x. 1,. 1) ; R«e/1_1 [) 18/1» --) (6) 

(13) R«C/l_1 [] h/lqq(1 1») 
1 f 

+ 11_,.,.1 (I}) ; R«e/1_1 [] h/l}) --) (6) 

(U) R «e/2_1 ex. 1) [] la/2 (x 1» L = 

+ Id_qq'(x.l) ; R«c/2_1(x.l) [} Idwlq(x.l») --) (16) 

(16) R«e/2_1(x.l) [] ld.lq(x.l») = 
Iêof 

• Id_Î il (x .1) ; R( (c/l_l [) h/l» .-,--ct) 

+ '(d 1) Id_,.,.1 (. l,d.l) R«c/2_1(x.l) [] 18/2(x.l») --) (14) 



o r·' ) 
\'''W'' .• c. 

~ 

,l>. ... 
(U5) R«i13(1I.1) [] Id.I(II.I») = 

+ Id_ii!(1I.1) ; R«c/l_l (] la/l» --) (6) 

(17)' R«r13(II.I) (] Id.l(x.I») = 
~ 

• '(d.l) . Id_rrl(x.l,d.l) R«c/2_1(x.l) [] la/2(x 1-») --) (14) , 

(18) R«c/2_1(x.l) Cl la/2qq(x.l.d.l») = 

• Id_rr l (x.l,d.l) ; R«c/2_1(x.l) [] la/2(x.l») --) (14) 
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(') cl' = 

+ '(x.l,y.l,n:1) 

+ '(x.1,y.1,n.1) 

a_ll"(" 1,y.l,n 1) , cll_ai{x.l,y l,n.l) 

a_q'{x.l,y.l,n.l) , c/l_ar{x 1,y.l,n 1) 

Cl) c/l_ai(x.l,y.l,n.l) = 

• '(g1.1) . a_il (x.l,y.l,n.1) , c/l(gl l} --) (3) 

(2) c/l_ar(x.l,y.l,n.l} 

+ '(a.l) . a_rI (x.l,y.l,n.l,a.l) cl' --) (e) 

(3) c/l(gl 1) 

• ,(x.l~y.l,n.l) a_q'(x.l,y.l,n 1) c/2_a,(x.1,y.1,n.l,gl 1) 

• '(x.l,y.l,n.l) a_q?(x.l,y.l,n.l) , c/2 __ r(x.l,y.l,n.1,Vl 1) 

• ,ex.l,y l,n.1) d_q?(x l,y.1,n.1) c!._d,(x.1,y.1,n.1,gl 1) 

• '(x l,y.l,n.l)~ d_q'(x.l,y 1,n 1) c/e_dr.Cx 1,1.1,n.l,gl 1) 

(4) c/2_al(x.l,y l,n l,gl 1) 

+ '(g2.1) . a_il(x l,y.l,n.l) , c/2(~2 1) --) (8) 
/ 

(6) c/2_ar(x l,y.l,n l,gl 1) 

,. 1( • . 1) . a_r'(x.l,y l,n 1,. 1) , cIl (gl 1) --) (3) 

(8) c/'_d, (x.l,y.1~n.l,g1.1) = 
+ d_;'(x ~,y l,n.l) " cl' --) (') 

(7)~ c/'_dr(x.l,y.l,n 1,gl 1) 
. 

+ tcd.l) d_I'" (x l,y l,n.l,d 1) cIl (gl. 1) --) (3) 

(1) c/2(g2 1) :: 

+ '(x.l,y.l,n 1) ._q?(x.l,y l,n 1) c/3_ar(x.l".l,n.l,g2.1) 

+ '(x l,y.1,n.l) a_q?(x l".l,n 1) , c/3_ar(x:l,y.l,n.l,g2.l) 

• ,(x l,1.1,n 1) d_q'(x.l,y l,n.l) , cil_di (~.1,1.1,n.l,g2.1) 

+ • (11 1, yi, n l.) d_q?(x.l" l,n 1) , c/l_dr(x 1" l,n.l,g2.1) 

-•• 
1 

--). (1) 

--> (2) 

J 

--) (4) 

--) (6) , ... 
--) (8) 

--) (7) 

- \., '" 

/ 

f> 

... 

--) (g) 

--) (1') 

--) (11) 

--) (~2) , 



,.. 

• 

--~ 

~ , , 

~) c/3 al(x.l".l,n.l,g2.1) = 

• '(g3.1) . a_il (x.l.,.l.n.l) • cj3("S.1) --) (13) 

(l8) c/3_ar(x.l".1,n.l,g2.1) = 

. • '(a.l) . a_r!(x.l.,.l,n.l,a.l) c/2 (iiJ2 .1) --) (8) 

(11) c/l_di(x.l".I,n.l,g2.1) '" 
• '(g1.1) . d_i l (x.l".l,n.l) cIl (,,1.1) --) (3) , 

. (12) c/l_dr(x l" l,n.1,g2.1) :;: 

~ 

.(f(d.l) . d r l (x.l".l,n.l,d.l) c/2(,,2.1) --) (8) 

(11) c/a(g3.l) '" 
+ '(x.l".l,n.l) a_q?(x.l".l,n.l) c/4_al(x.l" l,n.l,g3 1) 

+ '(a.l".l,n.l) a_q?(x.l".l,n.l) c/4_ar(x.l" l,n.1,g3 1) 

• '(x.1".l,n.l) .. d_q?(x l" l,n.l) c/2_di(x.l" l,n l,g3 1) 

• '(x.l".l,n.l) . d_q?(x~l".l,n.l) c/2_dr(x.l".l,n l,g3.1) 

(14) c/4_ai(x.l".l,n.l,,,a.l) 

+ '(84·1) . a_I I (III..l".I,n.l) c/4(g4.1) --) (18) 

(16) c/4_ar(x.l" l,n l,,,S.l) 

• • (a .1) . a_ri (x.l,., l,n.l,a.l) c/S(g3.1) --) (13) 

(141) c/2_dl(x.l.,.I,n.l,g3 1) :;: 

+ I(g2.1) . d_il"".l" l,n.l) c/2(g2.1) --) (8) 

(17) c/2_dr{x.l".l,n.l,gS.l) 

• '(d .1) . d_rl (x.l".l,n.l,d 1) , c/3(,,3.1) --) (13) 

(11) c/4(~.1) • 

+ '(x.l".l,n.l) 

• '(x.l".l,n.l) 

d_q?(x.l".l,n 1) c/3_di(x.l".l,n.l,,,4.1) 

d_q"(x.l".l,n.l,.> ;' c/3_dr(x.l".I,n.l,g4 1) 

(18) c/3_di(x.l".l,n.l,g4 1) = 

o ~ 

,) 

~ 

--) (14) 

--) (16) 

--) (1'8) 

--) (17) 

" " 

--) (18) 

--) (28) 

Aff 



1 

~ 
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'-
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+ '(g3.1) . 4_11 (x.l,y l,n.1)', c/3(g3.l) --) (13) 

(2e) é/3 dr(x.l,y.l.~.I,g4.1) 
- 11'.' 

+ '(d.l) • d_r l (x.l,y.l,n.l,d.l) c/4(g4.1) --) (18) 

ACENT -------------____________________________________________________________ _ 

(e) e/'(x.1) • 

+ '(y.l,n.l) e_qq'(y.l,n.l) e.lq(x.l,y.l,n.l) --) (1) ~ -. 
; 

(1) •• lq(x.l,y.l,n.l) 

+ e_ql(x.1,y l,n.1) e.1(x.1,y.l,n.l) --) (2) 

. ;; 
~ 

(2) •• 1(x.l,)'.l,n.l) • 

+ e_I·(x.1,y.l,n.l) e/lq(x.l,y.l,n.l) --) (3) 

+ '( •• 1) .• _"!(x l,)' l,n.l, •. l) ./eq-(x.l,)'.l,n.l,. 1) --) (4) 

(3) e/lq(x.l,)' l,n 1)_= 

+ '(_LI) .• _IH()'.l,n 1) , ./l(x l,_LI) --) (6) 

(4) ./eq-(lI.l,)'.l,n.l,. 1) 

+ ._rrl(Y·l,n.l,. 1) ./e(x 1) --) (') 

" (6) ./1(x.l,_l 1) 

• ,c, l, n. 1) ._qq"()' l,n 1) •• 2q(x.1".l,n.l,Ml.l) --) (S) 

• '(,.l,n 1) d_qq?C)' l,n 1) , dweq(x.l,y.l,n.l,Ml.l) --) (7)-

(S) ew2q(a.l".l,n 1,_1 1) 

+ e_ql(x.l., 1.n 1) , •• 2(a.l,)' l,n 1,_1.1) --) (8) 

(7) ~(x.l.y.l,n.l,.l.l) & 

+ d_ql(x.l".l,n 1) dwI(x.l,)' l,n.l,Ml.l) --) (8) 

(1) _2(x .1,)' l,n l,Ml 1) 

• e_"(x.l".l,n.l) e/2q(x.l".1,n.l,Ml.l) --) (1') 

• 'Ce 1) .• _r'Ca l" l,n l,e 1) , ./lq-(x l".l.n.l, •. l.-t.l) 
~ 

\ 

--) (11) 

f~:. 

-

----



" ~ ,...-

" 
(8) d.I(a.l".l,n.l,.1.1) = 

----• d_i?(a.l,y.l,n.l) a/8qq(x.l,y.l,n.~) --) (12) 

~ '(d.1) . d_r?(x.1,y.1,n.l,d.l) a/1qq-(x.1,y.1,n.1,d.1,_1.1) --) (13) 

(1.) a/2q(x 1,y.l,n.l,_ •. 1) = 

• '(-.2.1) . a_i i' (l'.l,n.l) a/2(".l,-.2.1) --) (14) ... 
(11) a/lq-(a.l",l,n.l,a.l,M1.1), = .,-- ~ 

• a_rr'(y.1,n.1,a.1) a/1(a.1,_1.1) --) (6) 

(12) a/8qq(x.l,y.l,n.l) • 

+ d_ijl(y.1,n~1) ; a/.(x.l) --) (e) 

(13) a/lqq-(x.l,y.l,n.l,d.I,_I.I) 

• d_rr'(,.l,n.l,d.l) a/l (x .1,_1.1) --) (6) 

• 
(14) a/2 (x .1,1112 .1) 

+ '(y.l,n.l) . d_qq'(y.l,n.l) dWlq(x.l,y,l,n.l,M2.1) -!) (16) 

(16) dwlq(x.l,y l,n 1,1112 1) = 
+ d_q!(x.1".l,n.1) ; dw1(x l" l,n.l,m2.1) --) (UI) 

(18) dwl(x.1".I,n.1,1II2.1) = 
+ d_;'(x.1".I,n.1) ; a/lqq(x.1" l,n.l,m2.1) --) (17) .... 

c:. 

• '(d.1) . d_r'(x.1,y l,n.l,d.1) a/2qq-(x 1".I,n.l,d.l,III2.1) --) (18) 

(17) a/lqq(x.l" l,n.1,1II2.1) 

+ ,(.111.1) . d_i i! (y l,n 1) a/l (x.1 ,11\1.1) --) (6) 

(18) a/2qq-(x.1,y.1,n l,d.1,1112 1) -
+ d_rr'(,.l,n.1,d 1) ; a/2(x.l,m2.1) 

~ 

--) (14) 

BRIDGE (] AGENT ------_______ ' __________ !.. ______ I _________________________________ _ 

(.) (c/e (] a/.(x 1» = ~ 

ï 



'W 

\ 

, 

<) 

--'" 

"'" 

lb 

e ) 

+ '(y.l,lI.l) . a_qq?(y.l,1I 1) , (cIe [] a.lq(x.l,y.l,n.l» 

(1) (cl' [] ,a.l(t(x l,y.l,n 1» = 
b 

+ a_q(x.l,y.l,n.1) , (e/l .... i(x 1,y.1,n.1) [] a.l(x.l,,..l,n.l» 

+ a_q(x 1,y.l,n 1) , (e/1_.r(x 1,y.l,n.l) [] a.l(~,,..l,n.l» 

(2) (e/l_.i (x.1.y.l.n.l) [] a.l(x 1,,. l.n.l» 

+ ICal 1) -_, (x.l.y.l.n-.l) , (e/1(al.l) [] a/1q(x.l
1
y.l,n.l» 

--) ( 1) 
1 

--) ( 2) 

--) ( 3) 

--) ( 4) 

(3) (cIl ar(x 1,y.1,n.1) [] a.1(x.1,y.l.n 1» = 
1 -

+ '( •. l} . __ r(x 1,,..1,n.l, •. I) (cIe [] ./eq-(x.l,,..l,n.l,a.l» --) ( 6) 

(4) (c/Hal.1) (la/lq(x.l,y.1,n.l» • > 

+ ".1 1) . __ ii'(,..l,n.l) (c/l(g1.l) [] ./1(x.l,IIIl 1» --) ( e) 

C' 

(6) (cl' (l a/Iq-(x.!,,..l,n l,a 1» = 

+ ._r,.!(,. 1,n l.a.l) (cIe [l ./e(x 1» --) ( e) 

(e) (cIl (g1-1) [] ./1 (x 1,.1 1» = 

.. '(y.l,lI.l) 

+ ,(,..1.n.1) 

a_qqP(y.l,lI.l) , ~1(1I1 1) [] a.2q(x.l,y.l,n 1,.1.1» 

d_qq?(,. 1,n.l) • ~l(gl 1) [] dw8q(x.l.,..l.n.l •• 1.l» 

(7) (cllCal 1) (] a.2q(x.1,y.1,1\.1,.1.1» = 

.. a_q(x.l.,..l.n.l) 

... _q(x.l.,..l.n.l) 

(e/2_.i (x.l.,. 1.n l .. gl 1) [] •• 2(x.l.,..1.n.l._1.l» 

(e/2_.re x 1.,..l,n 1.g1.l) [] •• 2(x 1.,. 1.n 1._1.1» 

(8) (c/l(aLl) (] ctweq(x.l.J' l,n 1 •• 1 1» = 

.. d_q(x.l.,. l,n.l) 

.. d_q(x l,,. 1,n.l) 

(e/e_di (x.1.,. 1.n.l.gl 1) [J dw8(Il.l.,. 1.n.1._1.l» 

(c/'_dr(x l,,. l,n l,ail) [J ~(x.l,y.l,I\.1,.1.1» 

(a) (e/2_.i ( ... 1.,. 1.n.1.g1 -1) Cl •• 2(x.1.,. 1.n 1._1 1» = 

+.'(82.1) . _ i(Il 1.,. 1.n.1) ; (e/2(g2.1) [] ./2,,( .. 1.y.l,lI.l • .-1.1» - \ ' 

(1') (c/2_.,.(x 1.,. l,n l.gl 1) [] a.2(x l,,. 1.n.l._1.1» = 

--} ( 7) 

--) ( 8) 

--) g) 

--) le) 

--) ( 11) 

--) ( 12) 

--) ( 13) 

\ 

..-r-

• ,(. 1) . __ r(x l,,..l,n 1._ 1) ; (c/l(Ql 1) [J _/lq-(x.l,,. l.n.l ••. ~ •• l.l» --) ( 14) 

..,., 

1\ 
o 
t • 

v 

o 

C:l ':1. .... ~ 

·1, 
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~ ~ ~ 

( 11) (c/8_di{a l,y.l,n l,gl 1) [) dw8(. l,y l," 1,"'1.1» .. 
• d_i(x.l,1 l,n.1) , (cie [J a/lqq(x 1,1 l,n 1» --) ( 16) 

12) - (c/'_d .. (x.l,1.l,;' l,gl 1) [] d"(x l,y l,n l,mIl» 

• '(d.l) d_ .. (x l,)' l,n.l,d ly, (cil (gl 1) [] a/lqq-(x l,)' l,n.l,d 1,.1 1» --) ( HI) 

~ 
( 13) (c/2{g2.1) [] a/2q(x l,y l,n 1,"'1 1» .. 

/ 
.,(~.l) .a_,P()'.I,nt), (c/2(g2l) [] a/2 (x 1,1112 1» --) ( 17} 

( 14) (c/1(g1.1) (] a/lq-(x l,y 1,n.1,a l,mIl» = 
.. a_rrl (y l,n l,a.l) , (c/l("l 1) [] a/l(. l,mil» --) ( e) 

16) (c/' [] a/8qq(. l,y l,n 1» = 
.. d_i il (y l,n 1) , (c/8 [] a/8( •. 1» --) '( e) 6 

~ 

("'e) (c/l(g1.l) [] a/lqq-(x l,)' l,n 1,-.1 1,m1.l» 

• d_ .... ' (, l,n.l,d 1) , (c/l("l 1) [] a/1(x l,mil» --) ( e) 
.,-

( 11) (c/2(g2.1) (] a/2(x l,m2.l» = 
.. '(f .1, n .1) d_qq?(y l,n 1) , (c/2 (g2 1) [) dwlq(x 1,)' l,n 1,1112 1» --) ( 18) 

( 11) (c/2 (g2 .1) [] dwlq(x l,y t,n 1,m2 1» = 

.. d_q(x l,)' l,n 1) , (cil_d, (x.l,y l,n 1,g2 1) [] dwl(x.l,)'.l,n.l,1II2 1» --) 19) 

.. d_q(x l,y l,n 1) , (c/l_dr(x l,y l,n l,g2 1) [] dWl(x.l,y.l,n 1,1112.1» --) 21!tj 

(HI) (c;/l_di(x l,y l,n 1,g2.l) [] dwl(x l,y l,n 1,m2 1» 

.. '(gl 1) d_, (x l,y l,n 1) , (c/l(gl 1) [) a/lqq(x l,y 1,n 1,1112 1» --) ( 21) 

(2') (c/l_d .. (x.l,y 1,n.l,g2 1) [] dwl(x l,y l,n.l,1II2 1» = 
.. 'Cd 1) dJ(x l,y l,n.l,d 1) , (c/2(g2 1) [] a/2qq-(x l,y l,n l,d 1,1112 1» --) ( 22) 

k ." 

(21) (c/l(,,!.I) [) a/lqq(x.l,y l,n 1,1112 1» " 

.. ICm1.1) . d_1 il (y.l,n.l) ; (c/l(gl 1) [) a/l(x l,m1.1» --) ( e) 

c 

(22) (c/2(g2.l) [] a/2qq-(a l,)' l,n l,d l,m2 1» 



y 
,,' t ~ t-t 

" 

+ d I"r ' (y.1,n.1,d 1) ; (c/2(g2 1) [] a/2(. l,m2 1» -/ --) ( 17) 

R (BRIDGE [l AGENT) ----------~------------ ____________________________________ _ 

(e) R«e/e [] a/8(x.1») 

+ '(y.l,n.l) .• _qq?(y.l,n.l) , R«e/" [] •• lq(x l,y l,n 1») --) ( 1) 

( 1) R{{e/e [] •• lq{x l,y 1,n.1)1) = 

+ I(g1.1,1II1.1) ._i i 1 (y 1,n 1) , R«e/l(gl 1) [] a/i(x 1,1111 1») --) ( 8) 

+ I(a .1) ._,.,., (y l,n 1,. 1) , R«e/" [) ./"(x 1») --) ( e) 

(2) R«e/l_ai(x l,y.l,n 1) [] .. l{x l,y.l,n IH) 

+ I(gl l,m1.l) __ "' (y.l,n 1) , R«e/l{gl 1) [] ./l(x.l',"'l 1») -- > ( 8) 

(3) R«e/l_.,.(x l,y l,n 1) [] •• 1(x l,y l,n 1») 

+ 1(. 1) ._,.,.1 (, l,n l,a 1) , R«e/e [] a/e(x.1») --) ( e) 

( 4) R «e/l (g1.1) [) a/1q(x l,y l,n 1») = 
+ '(1111 1) • 8_,i'(y 1,n 1) , R«c/l(gll) [] a/l(x.l,lIIl Il)) --) ( 8) 

~ 
( 6) R«e/e [l ./eq-(x l,y l,n l,. 1») = 

+ a,,-,.r l (y l,n.l,a 1) , R«e/8 [] a/e(x 1») --) ( e) 
.-------

( 8) R«e/lCgl 1) [] .n(x 1,_1 1») = 
+ 1 (y 1, n . 1) a_qq 7(y l,n 1) , R«ç/l(gl 1) (J a.2q(x l,y l,n 1,1111 1») --) ( 7) 

~ 
+ l(y.1,n.1) d_qq7(y l,n 1) R ({e/l(lIl 1) [] dweq( ... l,y l,n 1,1111 1») --) ( 8) 

(7) "««;/1(gI1) (J .. 2q(x l,y l,n 1,1111 1») = 
• '(82 . 1 ,-.2.1) 8_'" (y l,n 1) , R«e/2(g2 1) 0 ./2(x 1,-.2 1») --) ( 17) 

J 

· 'C. 1) ._,.,., (y l,n 1,. 1) , R«e/1(gl 1) [] ./1( .. 1,1111 1») --) ( 8) 

(1) R«c/l(gl 1) [] dweq( .. l,y 1,n 1,_1 1») 

+ d_i,l(y.1,n 1) R«e/e [l ./.( .. 1») --) ( .) 
---:: 

• 'Cd.l) d_rr'(y l,n.l,d l} , R«e/l(gl 1) (] ./1(x.l,-l 1») --) ( e) 

(II) R«e/2_.'(k.1,y l,n 1,1111) [] •• 2(. l,y l,n 1,.1.1») 
,. 

---
• 
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• '(g2.l,-.2.l) a_illb l,n.l) R«e/2(g2 1) () a/2(x 1,-.2 Il» --) ( 17) 

(le) R«c/2_ar(x.l,y l,n l,gl 1) Ü a.2(x l,y l,n 1,_1 1») = 
• 'Ca.1) . __ rrl(Yl,n l,a 1) ,R«e/l(gl 1) (J a/1(x,l, .. l 1)) --) ( e) 

(11) R«c/e_di(x.l,y.l,n 1,g1.l) [) dw8(".l.)" l,n 1, .. 1.1») :; 

'\ 
• d_ijl (y.l,n 1) , R«e/e [] a/lI(x',l») --) ( e) 

(12) R({c/e_dr(. l,y l,n 1,g1.l) (] dw8(x l,)" l,n 1,.1 1») = 

• I(d.l) d_rr' (y.l,n l,d.l) , R«c/l"'l 1) (] a/1(" 1, .. 1 1») --) ( 0) 

(13) R«c/2(g2.1) [] a/2q( •. 1,y.l,n l,mil») = 
• 1(1112.1) a_' jI (y.l,n 1) R«c/2(g2.1) [] a/2(x l,m2.1») --) ( 17)" 

(1") R«c/l(gl.1) [] a/lq-(. l,y l,n.l,a.l,lIIl 1») = 

• a_rrl (y.l,n l,a 1) , R«c/l(gl 1) [) a/lC" 1,1111 1») -'-) ( 0) 

16) R«e/e [J a/8qq(" l,y.l,n 1») 

• d_i,l(y.l,n.l) , R«e/II [) _/11(" 1») --) ( Il) 

(10) R«c/l(gl 1) (J a/lqq-(x l,y l,n l,d 1,"'1.1») 

• d_rr!(y.1,n.l,d 1) , R«e/l{gl 1) [J a/1(" 1.,m1.1») ---.) ( e) 

(17) R«c/2(g2 1) (] a/2(".I,m2 l»f = 

• I(y l,n.l) d_qq?(y l,n 1) ; R«c/2(g2 1) (] dW1q(".1,)".l,n.l,m2.l») --) ( 18) 

(18) R«e/2(g2.l) [] dwlq(x l,y l,n 1,,,,2 1») = . 
+ '(gl 1,"'1 1) d_'i'(y l,n 1) , R«c/l(gl 1) [] a/1(x.1,,,,1 1») --) (0)" 

• '(d.l) . dJr' (y 1,n l,d 1) ; R«e/2(g2.l) [J a/2(x 1,m2 1») --) ( 17) 

(11) R«c/l_di(x.l,y.l,n.l,1I2l) [) dw1( •• l,,. 1, ... 1,1I!'2.1») • 

• '(g1.1, ... 11) d_llI(Y.l,n 1) ; R«c/1(g1.1.) [] a/1(II.l,.1 IH1-- --) ( ') 

(2e) R«c/l_dr(x.1,y.1,n.1,g21) [) dw1('1_1,y 1,n.1,m2.1») • 

• I(d.1) , d_rr!(y.l,n l,d 1) , R«c/2(g~ 1) n _/2(. 1,m2 1») --) ( 17) 

~ 

.. 
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(21) R«e/l(gll) n _/lqq(x.l.)'.l./\ l,m2 1») = 

+ f(M1.1) . cf_il'(Y 1,n.l) , R«e/l("l 1) [] _/l(x.1.m1 1») 

(22) R(~/2(g2.1) Cl _/2qq-(x 1,)' 1.n l,d 1,11\2 1») = 

• cf_rrl(y 1.n 1,d 1) , R«e/2(g2 1) [] -/2(. l,m2 1») 

St.rting p ••• 1 

Starting p ••• 2 

--) ( e) 

--) ( 17) 
1 

EQUIVAlENCES -------------------------------------------------------------------
(R«e/l(,,1.1) n a/1q(".1,y.l,n 1») , R«c/l_al (x l,y l,n.l) [] 11.1(. 1.1 1.n 1»» 
--) (4) == (2) 

aa (R«e/2(g2.l) [) _/2q(II.1,)'.1,n 1,M1.1») • R«c/2 _d •. l.)' 1./\.1,g1.1) [] •• 2(. 1,)' 1.n 1, .. 1.1»» 
--) (U) .. (8) -

JI: (~«c/e [) ./eqq(lI.l.y.l.n.l») , R«e/e di (x l,y l,n 1,g1.1) tJ d"(x l,y 1.n.l, .. 1.1»» 
--) (16) .. '" (11) - . 

as (R«e/l(g1.1) [] a/lqq(x.l,y.l,n.l,m2 1») • R«e/l_dl (x l,y.l,n 1,g2.1) [} d.l(" 1.)' l,n.l.1112 1»» 
--) (21) == (UI) 

R-REDUCED ------------------------------------------------~---------------------
(e) It«e/e (] a/e(. 1») = 

• '(y l.n 1) a_qq?(y l,n 1) , R«e/e [J •• 1q(1\, 1,)' l,n.l») --) (1) 

(1) R«e/e [] •• 1q(. 1.y.1,n 1») = 
.I<gl l,_LI) • a_"I (y l,n 1) • R«c/l(gl.l) [J a/l(x.l,_1.1») --) (6) 

• IC. 1) ._rrl (1 l,n l,. 1) • R«c/8 [J -/ec .. 1») --) (e) 

<::; 

(2) R«c/l __ i(a.l.l.1,n 1) [] a.l(x l.y l,n 1») 

• 1C11 1.Ml 1) ._",1 (y l,n 1) • R«e/t(gt 1) [} ./1(. 1,_1 1») ,--) (6) 

(3) R«c/l_.r(x.~.y 1,n 1) [] a.l(x l,y 1,n 1») 

: '(a.l) ._rr'(y l,n 1._ 1) • R«e{e [] _{e(x.l») --) (e) 

(4) R«e/e I) _{8q-(. 1.y.1.n l,a 1») = -. 
• ._rr,,,,.l, .. l,a 1) ; R«c{e [] .{8(x 1») --) (e) 

• t~ • 

(5) R( (e/l (gl 1) [1 _{l(x 1,_1 1») 

.1<,..1,",1) -_qq~(, l,n 1) , R«c/l(g1.1) Il aw2q(x.l.y J,n 1,_1 1») 
< 

--> (e) 

•• 



~ ~ --
ç, 

• '(y.l,n.1) . d_q..'(7 l,n 1) R«c/l (gl.1) (] dweq(x.l,7 l,n.l,Ml 1») --) (7) 

(e) R«e/l~IJ1.1) [) .w2q(. l,y 1,n 1,_1 1») = 

+ '(1J2.1,~.1) a_'i'(y l,n 1) , R«c/2(g2.1) [J a/2(x.l,~.1») --) (14) 

• '( •. 1) .• _rr'(y 1,n 1, •. 1) ; R«c/lCgl.l) [] ./1(. 1,_1 1») --) (5) 

(1) R«c/l(g1.1) [] ctweq(x 1,y.1,n.l,M1.l») 

• d_i il (y.l,n.l) j R«c/II [) ./11( ... 1»)) --) (e) 

.~,(d.l) . d_rr' <y.l,n.l,d.l) ; R«C/l(g1.1~ [) a/l(x.l,.l 1») --) (6) 

(1) A«c/2_ai( ... l,y.l,n 1,g1.1) [] aw2(x.l,y.l," 1, .. 1 1») 

• '(1J2.1,~.1) a_IÏ' (y l,n 1) ; R«c/2(g2.1) [} a/2(x.l,~ 1») --) <!4) 

" (e) R«c/2_ar(x.l,y l,n.l,g1.l) [] •• 2(x.l,y l,n 1, .. 1 1») 

• '(a.l) . a_rr' (y.l,n l,a.l) , R«c/l(gl 1) (] a/l(x.l,M1.l») --) (6) 

(III) R«c/e_di(x.l,y l,n.l,gl 1) [] dwfJ(x l,y l,n 1,1111 1») = 

• d_I"(y.1,n.l) , R«c/e [] a/8(x 1») --) (8) 

(11) R«c/e_dr(IO.l,y.l"n.l,g1.l) [J dwfJ(x l,y.l,n.l, .. 1.1)}} = 

• '(d.l) d_rr l (y.l,n.l,d.l); R«c/l(gl 1) {] a/l(x.l,III1.1») --) (6) 

(12) R«cll(gl 1) [) a/1q-(x.l,y.l,n.l,a l,mil») 

... _rrl(y.l,n l,. 1) ; R«e/1(gl 1) (J ./l(x.l,ml 1») --) (5) 

(11) 1t«c/l(g1.l) [] a/lqq-(x.l,y.l," l,d.l,ml 1») = 

• d_rrl(y.l,n.l,d 1) ; R«e/l(g1.l) [] a/l(x 1, .. 1.1») --) (6) 

(1") R«c/2(g2.l) [] a/2(;;-'1,III2.l») = 

+ '(y.l,n.l) • d_qq'(y.l,n.l) ; R«c/2(g2.l) [] dWlq(x.l,,,.l,n.l,III2.1») -r) (16) 1 -() 
(115) R«c/2(g2.1) [] dWlq(x.l,,,.l,n 1,1112.1») '" 

+ I(g1.l, .. 1.1) d_ijl(y.l,n.l), R«c/l(gl 1) [] a/l(x.l,.1.1») --) (6) 

• '(d.l) d_rr' (y.l,n l,d.l) , R«c/2-(g2 1) [] a/2( .. 1,m2.l») --) (14) , 
(le) R«c/l_dl(x.l,y.l,n.l,g21) [) dwl(x l,y.'l,n 1,1112.1») • 



-0 t .. ;r] /(i(1 ,ç!, • 
.~;--, 

'. '(111.1, .. 1.1) . d_Î il (y 1,n.l) R«c/l(gl 11 [J _/l(x 1,1111 1») --) (6) 

(17) R«c/l_dr(x.l,y.l,n.l,1I2.1) [] dw1(x l,y.1,n.l,III2.1») = 

• '(d.l) . dJrl(y.l,n l,d.l) ; R«c/2(g2.1) [] _/2(".1,1112 1») --) (U) 

(11) R«c/2(1I2.1) (J _/2qq-(x.1,y.l,n.1,d 1,1112.1») = .. 
+ d_rr' (l'.l,n.l,..t,.~ , R«c/2(g2.1) [} _/2(".1,1112.1») --) (1<4) 

• 
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t ~ 

BflIOGE 

(') el' = 

• '( •• l,y.l,n.l) a_q1(. l,y.l,n 1) , C/l_ai(_.1,y.1,n 1) --) (1) 

• '( •• l,y.l,n 1) a_q'(x l,y.l,n 1) c/l_ar(_ l,y 1,n.l) --) (2) 

(1) c/l_ai(x.1".1,n.l) 2 

4 l(gl.l,U.l) . a_i!(x.l".l,n 1,t3 1) , c/l(gl 1) --) (3) 

(2) C/l_area.l,y.l,n.l) = 

• ,ea.1) . a_rlex.l,y l,n l,a.1} cil --) (e) 

(3) cIl (gl. 1) 

.. .. '(a. 1, 1'.1, n. 1) 

.. '(xl".1,n 1) 

· .e. l,y l,n 1) 

... ea.l,y.l,n.l) 

._q~(" l,y 1,n 1) c/2_8;(".l". 1 ,n.l,81 . 1) 

8_q1(a.l,y l,n.l) , e/2_ar( •. I,y.l,n 1,gl 1) 

d_q'(a.l,y.1,n 1) 

d_q'(x.l,y 1,n.l) 

e/e_di(x 1,y.l,n.l,gl.1) 

e/l_dr(x.l,y.l,n.l,gl.l) 

(4) c/2_8iex 1,y.l,n.l,gl 1) 

.. '(g2.1,t.3 1) . 8_,I(x l,)" l,n 1,t3 1) , c/2(~ 1) --) (a) 

.. '(t,4.1) a_"{a l,y.l,n 1,t,4 1) c/l("l 1) --) (3) 

(6) c/2_ar(. 1,)" 1,n 1,gl 1) 
, 

.. "a. 1) a~rl(a l,)" 1,n.1,a 1) e/1(gl 1) --) (3) 

(8) c/._d.{a.l,y.l,n 1,81.1) 

.. 'Ct,1.1) d_Î 1 ( ... l,y l,n l,t,l 1) , cl' --> (e) 

.. '(U .1) d_i'(a 1,1. 1 ,n.l,t.2.1) e/1(g1.1) --) (3) 

(1) cf8_dr(a.l,y.l,n.l,gl.l) = 

• '(d.l) . d_rl(a l,y.1,n 1,4 1) c/1 (gl.l) --) (3) 

(e) c/2(02.1) 

.. '(a l,l.1,n 1) a_q'(x l,y l,n 1) , c/3_8i(x.1".1," 1,02 1) 

.. '(a.l" 1." 1) a_q'(x l,y 1." 1) c/3_8r(a.l.,.I.n.l,g2.1) 

1::; 

--) (4) 

--) (6) 

--) (8) 

--) (1) 

~-) la) 

-~) (U) 

••• 

'" 

~ 

1/ 
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.' 

• '(x.1".l,n.l) d_q?(x.l,7.1,n 1) 

• '(x.l".I, .... I) d_q?(x.l" l,n.l) 

(1) cIl_ai ( •• 1".1, ... 1,;2.1) = 

• '(tA.l) . a_i 1 (x.l".l,n.l,t4.1) 

(1') c/'_.r(x.l".I,n.l,;2.1) • 

~ 

c/l_di(x.l,7 l,n 1,12 .1) 

c/1_d~fx.1" l,n.l,12 1) 

c/2(12 1) --) (8) 

• 'Ca.l) • a_~I(x.l".l,n.l,a 1) , c/2(12 l} --) (8) 

(11) C/l_di(x.l,y 1,n.l,g2.1) = 

• '(g1.1,U.l) . <I_il(x l".l,n.l,tt.l) • c/l(gl 1) --) (3) 

• '(t2.1) d_"(x.l,y l,n.l,t2.I) , c/2(g2.1) --> (8) 

(12) c/l_d~( •. 1,7 l,n 1,12.1) 

• '(d.l) . ,,_~I (x 1,7.l,n l," 1) , c/2(g2.l) --) (8) 

--) (11) 

--) (12) 

AGENT -------__________________________________________________________________ _ 

,(.) a/'(x 1) = 

• '(y.l,n.l) a_qq?(y.l,n.l) a.lq(x.l,y.l,n.l) --) (1) 

(1) a.lq(. l,y.l,n 1) 

• ._q'( •. l,y.l,n.l) •• 1(. 1,7 l,n.l} --) (2) 

(2) •• 1( •• 1 >1 • l ,'" . 1) = 

+ '(ta.l) . a_i?(. 1,7 l,n.l,t3 1) a/lq( •. l,y l,n.l) --) (3) 

• '(a.l) ._r?(IC ,l,)'.l,n 1, •. 1) a/8q-(K.l,y l,n.l,a 1) --) (.) 

(3) a/lq(x.l,y.l,n.l) 

+ ,(ni1.1) . a_i i! (y.l,n.l) , a/l( •. l,lIIl.1) --) (6) 

(4) a/eq-( •. l,)' 1,n.l,. 1) 

• a_rr!(y.1,n.1, •. l) 

(6) a/l( •. l,lIIl.l) = ,., 

~/.( •. l) 

• ,(, .. l,n 1) ._qq?()'.l,n.l) 

--) (e) 
" 

.w2q(x.l,)' l,n l,ml.l) 

, 

--) (8) 

--

-i 

--: 



.(;J 

, 

• 

c. ~ 

• • ey l,n 1) d_qq?(Y·l,n 1) , dweq(x.l,y.l,n l,ml.l) 

(8) _.2q(~.l,y.l,n.l,~1.1) : 

• -_q! (x.1".l,n.1) ; _.,2(11.1".l,n l,~l 1) , 
(7) d.eq(x.1".l,n.1, .. L1) & 

• d_ql(x.1".l,n.1) dwe(x.1".l,n.1,.1.1) 

(8) ..... 2(x l,y.1,n'.l,.1 1) = 

--> (8) 

--) (SI) 

--) (7) 

• '(t".l) . a_i?(x.1,y.1,n.l,~.1) a/2q(x.1,y.l,n 1,.1 1) --) (le) 

• '(a.l) .• _~?(x.l,y l,n.1, •• 1) a/lq-(x.l,y l,n.l,. 1,_1 1) --) (11) 

(8) dwe(x.l".l,n.1,M1.1) : '" 
• '(tl.l) . d_i?(x.1".l,n.1,tl 1) a/8qq(x.1,1 l,n 1) --) (12) 

• '(d.l) . d_"?(x.l".l,n.1,d 1) , a/lqq-(x 1,1 l,n.l,d 1,.1 1) --) (13) 

(1') _/2q(x.1,1. 1 ,n.l,.1.1) & 

• '(M2.1) a_i il (y l,n.1) ./2(x.1,.o2.l) --) (l .. ) 

(11) _/lq-(x l,y.l,n l,a.l,~l.l) 

• a_~"·(y.l,n.l,. 1) , ./l(x.l,.l.l) --) (6) 

(12) _/~(x l,y l,n 1) ,. 

• d_ii'(y l,n 1) , a/8(x 1) --) (e) 

(13) a/lqq-(x 1,1 l,n l,d.l,.l.l) 

• d_~"'(1 l,n l,d 1) _/l(x 1,.1 1) --) (S) 

(1") ./2(x.l,M2.1) 

• '(y.1,n.1) . d_qq'(y.1,n 1) dwlq(a.1,y.1,n l,.a 1) --) (16) 

(16) dwlq(a.l,y.l,n.l,M2.l) è. 

1 

• d_ql(x 1,1 l,n.l) 6.1(a.1,y l,n l,M2 1) --) (l8) 

(18) .... l(x 1.y l,n l,.a Il = 

.. 

r 



~ ~ 

• '(t2.1) d_i!(11.1,1· 1 ,n.1,t2.1) ./lqq(k.1,1 l,n.1,.a 1) --) (17) 

• '(tl.l) d_i?(a.l,y.l,n.l,tl.l) a/8qq(x l,y l,~ 1) --) (12) 

• '(d.l) . d_~?(x.l,y.l,n.l,d 1) ./2qq-(k.l,y.l,n.l,d.l,.a.l) 

(17) ,/lqq(II.1".l,n.l,.z.I) :; 

• '(.1.1) . d_iit(y.l,n.l) ·/l(x.l,.1.l) --) (6) 

(11) ./2qq-(x.l.r.1,n.l,d.l,.z.1) :; 

• d_r~!(y.l,n.l,d 1) ./2(11.1,.:z.1) --) (1.) 

--) (18) 

BRIDGE [] A~~ ___ -L __________________________________________________________ _ 

(e) (cl" (] .1"(11.1» :; 

• '(y.l,n 1) .• _qq?(y.l,n.l) (cIe [l •• lq(1I l,y l,n.l» --) ( 1) 

(1) (cl" (] •• lq(x.l,y.l,n.l» :; 

.. 

• ._q(II.1,1 l,n.l) (c/l_.i(lI.t". 1 ,n.1) [] •• 1(11.1.1.1,n 1» 

(c/l_u(II.1".1,.f.l) [:] •• 1(11.1".l,n.l» 

--) ( 2) 

• ._q(II.1,1 l,n.l) --) ( 3) 

(2) (c/l_.i(II.1".1,n.l) [] •• l(x l".l,n.l» :; 

• '(t.3.1,gl 1) .• _, (a l,y l,n.l,t.3 1) , (c/l(g1.1) [] ./lq(x.l,y.l,n.l» --) ( .) 

(3) (c/t.r(II.1,y.l,n 1) [] •• l(a l,y.1,n 1» 

• 'Ca 1) .• _r(x.l,y l,n.l,. 1) ; (cIe [] ./8q-(II.l,y.l,n.l,. 1» 

(.) (c/l(g1.1) [] ./1q(a.1,y l,n 1» :; 

."(.1.1) .• _i " (, 1,n.l) ; (c/1(g1.1) [] ./l(x.l,m1.1» :..-} ( e) 

(6) (c/" []' ./eq-(x.l,y.l,n 1, •. 1» 

• ._~~'(,.1,n.1, •. 1) , (cIe [] ./e(k.l» --) ( 8) 

t e) (c/l(gl.1) [] ./l(x.l,.l.I» :; 

• '(y.1,n.1) .• _qq?(y.1,n.l) 
• (c/l(gl 1) [] •• 2q(k.1".l,n.l,.1.1» 

• '(y.l,n.l)--. d_qq?(y.l,n.l) (c/l(gl.l) [] dwlJq(k.t,y.l,n.l,':'1.1» 

(7) (cIl (g1. 1) [] •• 2q(II.1".l,n.l, .. 1.1» 

--} ( 6) 

--) ( 7) 

--} ( 8) 

~ 
" 

.... 
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c~ 

• __ q(x.l,1 l,n 1) 

• __ q(x.l,1· 1 ,n.l) 

(c/2 __ i(" l,)' l,n l,g1.1) [] _.2(".l,)'.l,n 1,.1.1» 

(c/2 __ ,.(,..l,)' l,n.l,g1.1) U _.2(,..1,)'.1,".1,.1.1» 

(II) (c/l(gl.1) (] dwfJq(x.1,)'.I,n.l,.d.l» 
, 

• d_q(x.l".l,,,.l) (c/I_cfi (11.1,)' l,n l,lJ1.l) (] dwe(,. .1,1 .1." .l,M1.1» 

• d_q(x.l,)'.l," 1) (c/'_d,.Cx.l,)'.l,n l,gl.l) [] dweC,..l,)'.l,n.l,.l.l» 

( e) (c/2 __ i(x.l".1,n.l,IJ1.1) [] _.2(x 1,1 l," l,m1.1» = 

+ 1(t.4.1» . __ i(x.l,)'.I,n.1,t.4.l) ; (c/l(gl 1) (] a/2q(K.l,)' l,n.l,.1.1» 

C 18) (c/2 __ ,.(x.l,)' 1,".l,g1.1) [] _.2(x l,)' l,n.l, .. l 1» = 

+ IC_.l} __ ,.(x.l,)'.l,n.l,_.l) (c/l(g1.1) [] _/lq-(. l,)' l,n 1,_ 1,.1 1» 

r 
(11) (c:/'_di(x.l,)'.l,n.l,g1.1) [J dwe(x l,y l,n 1, .. 1.1» = 

• '(tl.l) . d_i(r..l".1,n l,t.1.1) ; (cIl (] _/8qq(II.1.1.1,n.1» --) ( 16) 

(12) (c:,,8_«1,.( •. I,)'.l,n.1,g1.1) t1 dwe( •. l,y l,n.l,_1.1» = 

• '(d.l) . d_,.(. 1,1 1,n.l,d.1) ; (c:/l(1J1.1) [] -/lqq-(11.1".1,n l,d.l,M1.1» 

11) (c/1Cg1.1) n _/2q(x 1,1 l,n.l,.l 1» = 
• 1(-.2·1) . a_,iI(y.l,n:·l) ; (c/1(g1.1) n _/2(. 1,-.2.1» 

(14) (cIl (,,1 1) [J a/lq- (x l,,. 1.n 1._ 1 .... 1 1» '" 

• __ ,.,.I(y.l,n l,a 1) , (c/1(g1.l) () a/l( •. 1, .. 1.1» 

(1&) (c:/8 [] _/8qq{ •. l,y l,n 1» '" 

__ ~ d_iil()'.l," 1) ; (cl' [] a/8( •. 1» --) "( ') 

(le) (c/l("l.l) [] _/lqq-(x 1".1,n.l,d.l,.1.1» 

• d_,.,.I()'.l,n 1,d 1) (c/l (gl 1) [] a/l (x 1,.1 ln 

(17) (c/l (,,1. 1) [] _/2(K.l,..:2 1» 

--) ( 17) 

--) ( Il) 

~, 

--) ( a) 

--) ( e) 

--) ( 1') 

--) ( 11) 

--) (, 
--) ( 13). 

--) ( 14) 

~ --) ( UI) 

• '(J.l,n 1) . ,'-qq'{J.l,n 1) (c/l(IJ1.1) Cl dwlq(x.l,y.l,n.l,M2.1» --) ( 1') 

(11) (c/l(gl1) [) dw1q(x 1,1 1.n 1.M2.1» = 

• d_q(x l,y 1." 1) (c/e_doCK.l.,..l,".l.,,1 1) [] dw1(. lr,.l,".l,M2 1» --) ('19). 

~ 
~ 
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'! 
• d_q(x.l,y.l,n.l) (e/e_dr(x l,y.1,n.l,;1.1) [] dwl(x.1,y.l,n.l,~.1» 

(18) (e/e":d,(x.l,y.l,n.l,;1.l) () dwl(x l,y.l,n l,JR2 1» = 

" 
• I(t1.l) (cie [] -/8qq(x.l,y.l,n 1» --) ( 16) 

• ,(t2 1) 

d_i(x.l,y.l,n.1,tl.l) 

d_i(x.l,y.l,n.l,t2.1) (cil (g1.l) [} -/lqq(x l,y.1,n 1,812.1» 

(28) (e/e_d,.(x.l,1.1,n.1,;1 t) [] d.l(x.1,y.1,n 1,1112.1» = 

• '(d .1) d_,.(x.l,y.l,n.~,d.l) (e/l(;l.l) [l ./2qq-(x.l,y.l,n.l,d.l,~.I» 
0-. 

(21) (e/l(;l.l) [] -/lqq(x.l,y.l,n 1,1112.1» 

• '(1111.1) . d_i i' (y.l,n.l) ; (c/l(;l 1) [] -/l(x 1,1111.1» --~ (~) 

(22) (e/l(;1.1) (] -/2qq-(x.1,y.1,n.l,d 1,1112.1» = 

• d_rr'(y.l,n.l,d.l) ; (c/l(;1.1) (] _/2(x.1,1II2.1» --) ( 17) 

R (IRDDQE (l AOENn) ---------__________________________________________________ _ 

(e) R«e/e [l _/e(x.l») = 
• I(y.l,n.l) . __ qq7(y l,n 1) , RCCe/e [] _.lq(x l,y.l,n.l») --) ( 1) 

( 1) R«e/e [l _.lq(x.l,y.l,n.l») 

--~ ( 28) 

--) ( 21) 

--) ( 22) 

• '(;1. 1 ,1111 1) __ i i' (y.l,n.l) R((c/l(gl.l) [) _/l(x.1,lIIl.1») --) ( e) 

• '(_.1) .• _,.,., (y 1,n.1, •. 1) R«e/e [] ./8(x.l»~ --) ( 1) 

(2) R«c/l_ei (x.l,y.l,n.l) [] •• 1(,..l".1,n 1») = 

• 1(;1.1,1111 1) . __ , j' (y.l,n 1) , R«c/l(gl.l) [] -/1 (x. 1,1111. 1»)) --) ( Il) 

(a) R«c/l_.r(x.l,y.l,n 1,) [] •• 1(,..l,y.1,n 1») 

• '(_.1) .• _""'(y.l,n.1,_.I) , R«e/8 [) _/8(x 1») --) ( 8) 

(4) R«e/1 (g1.1) [) ./lq(x l,y l,n.l») = 
• '(",LI) . __ i i' (y 1,n.l) ; R«e/l(;1.1) (] ./l(x.l, ... 1.1») --) ( e) 

(6) R«e/' [l ./1q-(x.1,y.l,n.1, •. 1») = 
• __ rr' (y.l,n.l,_.I) R«e/8 [] _/8(x.l») --;> ( 8) ----

" 

, 

.... 

r 
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(e) R«e/l(gl.l) [] a/l(x.l,m1.1») :: 

+ '(y.1,n.l) a_qq7(y.l,n.1) R«e/l(g1.l) [l aw2q(x.l,y.l,A.1,1II1.1») 

+ '(y 1,n.l) d_qq7(y.l,n.l) R«e/l(gl 1) [] dw8q(x.l,y.l,n.l,lIIl.l») 

(7) R«e/l(g1.l) [] aW2q(x.l,y.l,n 1,1II1.1»} :: 

+ '(-.2.1) . a_ijl(y l,n.l) ; R«e/l(g1.1) [] a/2(x.l,III2.1») __ ) ( 17) 

+ I(a.l) . a_""'(y.l,n.l,a 1) ; R«e/l(gl.l) [] a/1(x.I,III1.I») __ ) ( e) 

" 
(e) R«e/1(g1.1) [] 'dw8q(x.l,y.l;n.l,lIIl.l») = 

+ d_l il (y.l,n.l) ; R«e/lll [] a/lll(x.I») ---) ( III) 

• '(d.l) . d_",,'(y l,n.l,d.l) , R«c/l(gl 1) [] a/l(x.l,"1.1») 

(a) R«e/2_a,(".l,y.l,n.l,g1.l) [] a.2(x.l,y.l,n l,mil») :: 
t. 

• '(1112.1) . a_,lI(y 1,n.l) , R«e/l(gl 1) [] a/2( ... l,III2.I») 

(,1111) R«e/2_a,,(x l,y 1~~ l,gl 1) [] •• 2(x l,y l,n 1,1111 1») = 
0 

• f(a.~) a_",.,(y l,n l,a.l) ; R«c/l(gl.l) [l a/l(x.l,ml.1») 

( 11) R«e/lll_d, (x.1,y l,n.l,gl 1) [) dw8(x l,~ l,n "-''''1 1») :: 
, ~ 

• d_i jI (y I,n.l) ; R«e/III [] a/lll(x 1») --) ( e) 

( 12) R«e/lll_dr(x l,y.l,n.l,gl.1) [] dw8(x l,y.l,n 1, .. 1 1») :: 

+ f(d 1) . d_r,., (y l,n.l,d 1) , R«e/l (gl 1) [] a/l (x.l,al 1») 

13) _ R«e/l (gl 1) [l a/2q(. l,y l,n l,ml.l»)) 
Î;-

• '(1112 1) .• _H' (y l,n 1) , R«e/ .l(gl 1) [) a/2 (x .1,-.2 .1») 

( 14) R«c/1(gl.l) [] a/lq-(x.l,y l,n l,a 1, .. 1 1») :: 

--) ( 8) 

" 
--) ( 17) 

o 

--) ( e) 

--) ( 8) 

--) ( 17) 

• a_""'(y.l,n.l,a.l) , R«e/l(gl 1) [l a/1(x l,aIl») --) ( e) 

( 15) R«e/e [l a/8qq(x.l,y l,n 1») z 

• d_iil(y.l,n.l) ; R«e/_ [) a/8(".1») --) ( e) 

t 11) R«e/l (g1.1) [] a/lqq-(" l,y.l,n l,d l,ml.l») :: 

+ d_""'(y.l,n.l.d 1) ; R«c/l(gl 1) Cl a/l(" l,ail») --) ( e) 

... 

--) ( 7) 

--) ( 8) 

---
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(17) R{(C/l(gl.l) [] a/2(x.l,.-2 1») 

+ '(J'.l,n.l) d_qq7(1·l,n 1) , R{(e/l(gl 1) [J dwlq(x l,y l,n 1,1112 1») 

(1') R«e/l(gl.1) [] dwlq(x l,1.1,n.l,1II2 1») 

• d_iil(y.l.,n.l) ; R«e/e [] a/8(x 1») --) ( el 

• '(.1.1) 
, 

d_i i 1 (y.l,n.l) R((e/l(gl 1) [] ~/l(x.l,.l 1») 

• "d.l) . d_f"r!(y.l,n.l,d.l) R«el1(gl.l) [] a/2(x 1,.-2.1») 

(U') R«e/e_di (x l,y.1,n.1,g1.1) [] dw1(x l,y l,n 1,.-2 1») 

• d_i,l(y.1,n.l) R«e/e () a/e(x 1») --) ( e) 

• '(.1 1) . d_, i' (y.l,n 1) R«e/l(g1.l) [] a/1(x 1,_1 1») 

(H) 1t«c:/._dr CIl.l,y.l,".l,gl.1) [] dwl(x.l".l,n.l,III2.1») • 

• • (d. 1) d_rr' (y l,!, l,d 1) , R«C:/l(g1.1) [] ./2(x 1,M2.1») 

.( 21) R«c:/1(,}1.) [] ./lqq(x 1,y.l," 1,1112 1») = 
."-1.1) . d_ii!(y l,n.l) R«e/l(gll) [) ./l(x l,m1.l») 

(22) R«C:/l(gl.1) [] ./2qq-(x.l".I,I1.1,d 1,1112 1») = 

--) ( e) 

--) ( 17) 

--) ( e) 

--) ( 17) 

--) ( e) 

+ d_rr' (y.l,n.l,d.l) , R«C/l(g1.1) [) a/2(x 1,1112 1») --) ( 17) 

St.art.inlJ pa.. 1 

St..rting p ... 2 

St.art.ing pa.. 3 .,. 
Si.art.ing p... 4 

EQUIVALENCES ----------____________ ~~ __________________________________________ _ 

.t. (R«C/1(g1.1) [] ./lq(x.l,y.l,n.1») , R«cl1_a,(x l,y l,n 1) [] ad(x l,y l,n.1»» 

--) ( 18) 

rJ 

.,., --) (4) == (2) 

• == (R«C/1(g1.1) [] ./2q(x.l,y.1,n.1,",I.I») , R«c/2_ai (x.l".l,n.l,g1.1) [] a.2(x.l".l,".1,",1 1»» 
--) (13) == (g) 

== (R«c/e [] a/8qq(x.l" l,n.l») , R«c:/"_di(x l,y l,n.l,gl 1) [] dw8(x.l,y l,n.l,ml.1)))) 
--) (16) == (11) 

R-REDUCED --------------------_________________________________________________ _ 

(8) '("(c/8 [] a/8(x.l») 
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+ '(y.l,n.l) . a_qq'(Y l,n 1) , R«e/8 [] awlq(x l,y l,n 1») 

(1) R«e/. []'a.lq(lC.l,y l,n 1») 

+ '(g1.l, .. 1.l) . a_ii'(y l,n 1) R«e/1{gl 1) [] a/l{x l,mil») 

+ '(a) . a_ .... 1 (y.l,n.l,a.l) , R«e/8 [] a/8(x.l») --) (e) 

(2) R«c/l_.I(a.l,y.l,n.l) [J •• 1(a.l,y l,n 1») = 
+ '(g1.1 , .. 1.1) . a_ri! (y l,n.l) , R«e/l(1I1 1) [) a/1(x 1,..,1.1») 

(3) R«e/l_a .. (x l,y l,n 1) [] a.l(x.l,y.1,n 1») 

+ lCa.l) . a_.-r l (y.1,n 1, •. 1) ; R«e/e [] a/e(x 1») --) (e) 

(4) R«e/e [J a/8q-(x l,y 1,n 1, •. 1») = 

+ a_ .. ,.1 (y.l,n.l,a 1) ; R«e/e [] a/8(. 1») --) (e) 

(6) R«c/l (111.1) [] a/l{x.1, .. 1 1») 

--) (1) 

--) (6) 

--) (6) 

+ • (y. 1, n .1) ._qq'(y l,n.l) , R«c/l(gl 1) [] .. 2q(x l,y 1,n.1,'.1 1») 

+ '(y. l ,n . 1) d_qq"(y l,n 1) , R«e/l(1I1 1) [) dwllq(x l,y l,n 1,..,1 1») 

(0) R«e/l(gl 1) [1 •• 2q(x 1,y.1,n 1,_1 1») = 
+ '(.-2 1) __ ,,1 (" l,n 1) , R«e/l(lIl 1) [] a/2(. 1,0.2.1») --) (14) 

+ '(a.l) . a_""'(y.l,n l,a 1) , R«c/l(lIl 1) [] a/1(. 1, .. 1.1») --) (6) 

(7) R«e/1 (gl 1) [] ctweq (... l, yI, nl, .. l 1») = 
+ d_,jI(".l,n.l) , R«c/_ [] a/e(x.l») -- > (e) 

+ '(d.l) . d_,.,.1 (y l,n.l,d 1) , R«c/l(gl 1) [] a/l(. 1, .. 1 lP) 
,; 

--) (6) 

(1) R«c/2_ai(x l,,,.l,n l,Ill 1) [] a.2(x l,y l,n 1,_1 1») 

• '(.-2 1) a_,iI(,. l,n 1) , R«e/l(lJl 1) [] _/2(. 1,0.2 1») --) (14) 

(8) R«e/2_a,.(x l,J l,n l,gl 1) [] a.2(a l,,, l,n 1,_1 1») = 
+ '(a l) a_,.r l (,. l,n l,a 1) , R«e/l(lIl 1) [) a/1(. l,MIl») --) (6) 

o.) R«c/._di (x l,,, l,n l,gl 1) [J dw8{. l,,, l,n 1,_1 1») 

• d_"ICJ l," 1) • R«c/. [) a/8(x 1») --) (e) 
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--) (8) 

--) (7) 
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(11), R«c/'_dr(x.1".1,n l,g1.1) [] be(x 1" l,n l,aIl») = 

• • '(d.1) . d_rr'b,l,n.1,d 1) R«c/1(g1.l) [] a/l(x 1,_1.1») --) (6) 

[;> (12) R«c/l (g1. 1) [] '_/lq-(x.l".1,n 1,_ l,a1.1») 

• __ rr'(,.l,n.l, •. I) ; R«c/1(gl l)'[] -/1(x l,aIl») --) (6) 

(13) R«c/l(gl.l) n _/1qq-(x.l,I.1,n.l,d '1,_1 1») 

• d_rr!(y.1,n.l,d.1) ; R«C:/1(gl 1) '[] -/1(x l,ail») --) (6) 
~ 

1 

(14) R«e/l (gl 1) [] _/2(x .},M2 1») -• '(1.1,n.1) . d_qq?(1· 1 ,n.1) ; R«c/l(g!.l) [] dw1q(x.l".1,n.1,M2 1») 1 --) (16) 

(15) R«e/1(g1.1) [] dwlq(x.l". 1 ,n.l,M2 1») = 

• d_ii'CI l,n.1) , R«c/' [] _1'(. 1»} --) (') 

+ '(_1.1) . d_iil(,l{n.l) , R«c/1(gll) [) _/1(x.l, .. 1.1») --) (6) 

• I(d.l) . d_r"'(1'.l,n l,d 1) ; R«e/l(g1.1) [] a/2(".I,M2.1») --) (14) 

(UI) R«e/'_dl (x.l".1,n.l,gl.1) [] d.l(x 1" l,n.l,M2.1») :z 

• d_i i' (1.1,n.l) , R«C~ a/'(. 1») __ ) (') 

+ 1(-1.1) d_iil(y.1,n.l) R«c/l(gl 1) [] a/1(. 1,,,,1 1») --) (6) 

(17) R«c:/._dr(x.l,y.l,n.l,gl.l) [l dwl( •. I,1 l,n l,M2 1») = "-

+ '(d.l) . d_rr'(1.1,n l,d 1) , R«c/l(gl 1) [] a/2(. 1,1112.1») --) (14) 

(18) R«ç/l (g1.1) [] ./lqq(x.l,y.1,n 1,m2 1») = 
+ 1(111.1) •. d_i l' (y 1,n.l) , R«c/l(liIl 1) [] a/l(x.l,ml.l») --) (6) , 

(18) R«e/l(gl.l) [] _/2qq-(x.l,y.l,n.l,d.l,M2.l») = 

+ d_rr!(y.l,n.l,d 1) R«c/l (iii!. 1) [] a/2(x.l,M2.1») --) (14) 

• 


