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Abstract ment. These constructs are incorporated into JAQHv&-
based Authoring language for Collaborative Interactive En-

Interaction management is concerned with the protocols Vironment§{7, 8] , a scripting language designed to support
that govern structured interactive activities among multi- rapid prototyping and implementation of distributed collab-
ple users or agents in distributed and collaborative envi- orative applications. We demonstrate, through variations of
ronments. Research in this area has largely been carried the noughts and crosses game, the usefulness of these lan-
out in specific application domains, such as 3D virtual en- guage constructs.
vironments. We present an abstraction of various collabo-
rative applications in the form of variations of noughts and 2. Related Work
crosses. We examine the needs in these games for program-
ming interaction protocols, and propose a comprehensive Human-human interaction in a distributed multimedia
collection of program constructs for supporting interaction collaborative environment often requires coordination in
management. We demonstrate, through these variations oft structured manner. Research on interaction management
the game, the usefulness of these language constructs.  has been conducted largely in the context of specific man-

agement, including floor management in video conferenc-
ing [12], group coordination [4], web-based camera con-
trol [2], 3D collaborative virtual environment [6] and agent-
1. Introduction based collaboration [10, 11, 3]. Protocols that have been
deployed in such applications include: contention, round

Interaction managemeig concerned with the protocols  robin, token-based, reservation and prediction [5]. Recently,
that govern structured interactive activities among multiple a more formal approach has been applied to interaction
users in distributed and collaborative environments. The im- management, and this includes GTRBAC [9], which intro-
plementation of the protocols is often not a trivial task in the duces the notion ofole enablingandrole activation and
development of an application involving structured commu- TILCO[1], which separates thexternalview of the pro-
nication. The provision of protocol control mechanisms is cess of interaction from iisternalview. JACIE represented
the weakness of most existing programming languages andne of the first attempts to provide interaction management
development tools. Software engineers need developer supi collaborative environments through high-level language
port which can alleviate the burden in implementing cor- constructs [7, 8]. However, the major question which re-
rect and reliable codes for managing an online meeting, amains unanswered is to what extent a collection of interac-
teamwork exercise or a multi-user web camera in a struc-tion protocols is considered adequate to address the needs
tured manner. In this paper, we identify a collection of use- of most collaborative applications.
ful interaction protocols that are common in many multi-
media collaborative applications. We consider an abstrac-3. Generalizing Noughts and Crosses
tion of various multimedia collaborative applications in the
form of the noughts and crosses game and its variations. We first define a set of abstract notations for modelling
We examine the needs in these games for programming inthe variations of the noughts and crosses game and the cor-
teraction protocols and propose a comprehensive collectiorresponding interaction protocols in Section 4. A summary
of program constructs for supporting interaction manage- of the games is given in Table 1 highlighting their main



Name Turn Control Cell States Applications

Generalised game round robin 3 NOR QA Ul, menu, board games, tele-info.
Five-in-a-line round robin 3 KO as above.

Connect-4 round robin Y NON X online form filling.

Three Stones round robin Y NORX as above.

Hasty Battle contention [ ] @, shared database access, printing queuing.
Vicious Battle contention [ ][0, shared whiteboard, co-authoring.
Gentlemen’s Battle tapping Y NOR discussion forum.

Dictator’s Entertainment master A ROR X e-learning class and testing, online meeting.
First-come, first served reservation Y NORX web camera control.

Opportunity Knocks round robin [ O, ™, X, emotional |Q test.

Secret Switch round robin [ ], O], distributed database access.

Group games round robin & group protocol Y NOR group work and team games.

Table 1. Variations of the noughts and crosses game, and their main features

protocol features in turn control and domain control, and ing all the boards at timg is of type

linking them with real life multimedia collaborative appli-

cations. For example, the shared whiteboard, on-line discus- 4. T — Ko x Ny x Ny — OX x Mod

sions, as well as group work and team games were already o o ) ]

implemented in JACIE [8] using the small set of interaction Where#(t)(k.i, j) = G(t,k;i, j). An interaction protocols
protocols as built-in language constructs. With the new de-2 témporal functiony, that computes all stateg(t) as:
sign of the language constructs, we have implemented all? (t) = w(t, Altstart,t), 4 (tstart)) where</ (tstar) represents
the imaginary versions of the noughts and crosses gamest.he initial stf'ites of the game b_oard on _d|fferent processors
Therefore, JACIE may be applied to design almost all of @NdA(ta; o) is the graph ot with t restricted tdta, ty).

the multimedia applications listed in the table. It is not feasible to maintain a continuous change
of ¥(t), so Gk(t) is updated in a discrete man-
3.1. Definitions ner as Gy(t1),Gk(t2),...,Ck(ts), Gk(ts+1),..., where
tstat < th < o < ... < tg < tg1 < .... Ideally, one
A generalised game boafdr noughts and crosses is de- Would like to simplify y to a function that oper-
fined over a grid of\x x Ny cells. Each cell may exhibit one ates on a discrete time series, <ts <ts1 < ..., as

of the three basic visual statempty o, or x. Cells may ¥ (ts+1) = V(ts11,Alts, ts11), % (ts)). However, the time se-

be in two different modes indicating whether or not the vi- 1€S operating at each processor is based on its local
sual state of the cell is modifiable. There are six valid states®/€nts  (including clock, interaction and communica-
for cells{| 1, I, /o) [, B4 }. Formally, the symbols are el- tion events), hence is not synchronised with that of other

ements of the seDX x Mod whereOX = {emptyo, x } processors. This poses the major challenge to the de-

andMod = {mod unmod, e.g.,< ©,mod> represer;t@. sign and implementation of any interaction protocols for
At time t € T = [tswart, ) in a distributed, collabora- ~ Net-centric collaborations. _ _

tive environment ofK + 1 processorspo, p1, Pz, -, Pk In a distributed collaborative environment, the imple-

each processor has access to a baytt), a local ver- mentation ofy has to be realised using a set of concurrent

sion of a primary boar im(t). G is a function of type sub-functionsys,, v, . . ., which operate in different proces-

G : T xKopx Ny x Ny — OX x Mod, where  SOrS in a distributed and co-ordinated manner. In the follow-

Ko = {prim,0,1,...K}, Ny = {1,....N¢} and ing, we assume a client-server model, with one sepger

Ny = {1,...,Ny}. G(t)(i,j) denotes G(tk,i,j) so andK clientsps, p2, ..., px, only one user (player) at each
each Gi(t) : Ny x Ny — OX x Mod. In such an envi- client, and only one sub-functio at each processor.
ronment, it is necessary to have correctly designed and

implemented interaction protocols to ensure a consis-3.2. Variations of the Noughts and Crosses

tent state transition dBprim(t) andGi(t) for eachk.

At time t, px can attempt to perform an action by try- As in Table 1, Five-in-a-line, Connect-4 and Three
ing to assign & or X in a cell. The actions are described Stones are very similar to noughts and crosses but with dif-
by the functionact: T x Kg x Ny x Ny — OXU {no.op}. ferent number of cells, rules and size of board game or even

no_opis used to indicate that no attempt is is being made to board shapes. From the perspective of interaction man-
change the state of a cell. A curried form@fencapsulat- agement, Connect-4 introduces the notion of “unmodi-



fiable” cells, |, as illustrated in Figure 1. The mecha- served basisin a circular manner. For efficiency reasons, JA-
nism for changing the state of an empty cell frd@ihto CIE facilitates an additional sub-functiapy at each client

[ ] is also interesting. The rest of the games in the ta- py, which validates each acti@et(t, k, i, j) against the cur-
ble are imaginary variations of the noughts and crossesrentGy(t).

with different rules. Therefore, the games require differ-

ent turn control and some differences in the cell states. 4 2 contention

Interactions under aontentionprotocol is perhaps con-
EEE%E%% sidered as almost unmanaged since all clients are autho-

rised, at almost any time during a game, to alter the game
X ) )
g% board, though it does not guarantee the success of every ac-

tion. The protocol management functign almost totally
[x]oJlo]lof[x]lo]_] : A .

resides at the server. Each user action is first validated b
(o] o] x][x][] < Il y

the client sub-functiony against the curren®(t). It is

. then forwarded to the server, entering at the end of an action
Figure 1. Connect-4 Board and its Representation queue. As it is possible that actions from different clients
may not be compatible with each other because of con-
current activities, all actions need to be reexamined at the
server. As long as the queue is not empty, the server sub-
function yp continues to fetch actions one by one from the
head of the queue. Each action is revalidated against the cur-
rent game board stat€y(ts), stored at the server. If the ac-
tion is invalid, it is simply discarded. Another timer option
called therest timer s introduced to ease the pressure
on protocol management by restricting each client to “rest”

’ protocol master [server] [random | user] ‘ for a small period between two consecutive actions.

4. Interaction Protocols

Due to space limitations, we give only one exam-
ple of the syntactic specification of the language construct
protocol master described in Section 4.3. Other pro-
tocols use the same syntactic structurenaster .

protocol master [server] [random | user]
[turn Sumlloverall Soveran] [silence Ssiiencd 4.3. Master

’ protocol master user [1gjient] ‘

For this protocol, thenaster , whose job is to determine
the turn control, has all the power to set the turn. The de-
In JACIE most arguments (or extensions) of a protocol fault master is the server. The random choice indicates that
are optional, facilitating “fast scripting” for simple and the server determines the order of the user turn at no spe-
commonly-used protocols, and the extensibility when in- cific order. The other choice, the protocobster user
troducing new variations and extensions. The timer option allows one of the users to become the master and then the
turn , which is governed by a variabl&m, restricts the  US€mastercan determines the turn protocol. Below is an ex-
length of time during the turn contrabverall , which is ample of a code fragment in JACIE.
activated in the session start, can be used to restrict each
client to have a fixed amount of total time for holding turns. JACE {

. . . applet name ncDictator;
silence , represents the maximum amount of time to pass  configuration {

’ turn set client Ngjient ‘

for starting an action in order not to lose a turn. All the number of users 2;

timer options are managed by each client sub-functipn pr,?wco' master random

and have the default value. All the protocols have these C'ienéegg:mﬁntaﬂo? }{
three timer options. on session { ..

on MOUSECLICK{ ...
/I process an action

4.1. Round Robin . pass turn; }
. . . y
In a basic round robin protocol, only one user, at most, is  server implementation {
authorised to alter the states of the game board at any time declaration {{ b
during a game. The protocol management functiome- on TURN{ ..
sides mainly at the servemy as yo. The order of clients i process an action 1

being activated is organised according to the order of their 3
registration with the server, and is on the first-come, first }



To change the protocol, it is only necessary to change onecontribution in this respect is the adventurous attempt to

line of code in the configuration section. provide language constructs for specifying a variety of in-
teraction protocols. These have been incorporated into JA-
4.4. Reservation CIE, a scripting language designed for prototyping collabo-

rative applications.
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