Towards a Game-based Architecturefor developing Complex

Interactive Components in Computational Logic

Kostas Stathis

Int elligent Communication Syst ems

Department of Electrical & Electronic Engineering

Imperial Collegeof Science, Technology and Medicine

Exhibit ion Roa d, London SW7 2BT, UK.

Email: kostas.stathis@ic.ac.uk .

Abstract

Wepresent a game-based archit ecturefor developing complex int eractivecomponents in computational logic. This supports thecomponent orient ed development of int eractivesyst ems, in such a way, that int eractivecomponents can berepr esent ed eit her as players that makemoves according to therules of a ga meor as umpir es that enforcetherules on players, and ther eby controlling their int eractions. The archit ecturehas already been successfully applied to develop knowledge-based front-ends to soft ware packages, including multi-lingual support for such applications. Thepot ent ial of t hearchit ectur eis that centralized or ganizations controlled by umpires or decentralized organizations in ter ms of autonomous players can becombined to for mint eractivesyst ems of a ver y complex nature.

1. Intr oduction

Theemer genceof thenet work as a communication mediumhas changed our conception of what a comput er systemis by suggest ing that ^thenet work is thecomput er~. This changeof perspect ivehas also cha nged t heway soft wareis constructed, themajor characteristic of t his ongoing paradigmshift is that soft waredevelopment is now best understood as a way of syst ematica lly combining and/ or aggregating components, possibly over thenet work. Components can be eit her existing ˘ in which caset hesoft ware under development r euses funct ionalit y already available, or built fromscratch ˘ in which casethe soft wareunder development is augment ed with new functionalit y.

A lot of work, bot h at a theor etical and practical level, is attempting t o maket hecomponent -orient ed development of complex soft waresyst ematic. Most of theattempts end up asking similar but equally important questions, na mely: what is a component, how is a component specified, how is a component implement ed, how functionalit y of a component is expanded or filt er ed, how components areaggr egated and co-ordinated if they int eract wit h each other?

In this paper wepresent an archit ecturefor developing complex int eractivesyst ems fromsimple components by using an existing logic progra mming framework, present ed in [9-13], based on ga mes.

This framework was introduced to address inadequacies of exist ing logic programming approaches to develop front-ends, specifically theapplication of theQt U model [6] to support int eractions in thefr ontend GLIMPSE [14], and theapplication of thetransitions rules model [4] to support int eractions in the front-end F AST [7].

Motivated by theconstruction of front-ends, thebasic idea of ga mes - as present ed in [9] - is that therules governing theint eractions of an int eractivesyst emareseen as therules specifying a game. Under this metaphor int eractions ma deby theparticipants of an interactivesyst emareint erpret ed as themoves select ed by thepla yers of a game. Specifying thevalid moves of a ga mecorresponds to defining the precondit ions of actions in t heint eractivesyst em. Theeffects of a moveon thestateof thega me correspond to the effects of an action on thestateof the int eractivesyst em. Games with mor ethan one player correspond to int eractivesyst ems wit h mor ethan oneint eractiveparticipant. To implement an int eractivesystem weconstruct an umpire. This is a component that displa ys thecurrent stateof thega me in someappropriatefashion, provides mea ns by which users can select their moves, enforces compliance of theplayers with therules of thega meand ther eby controls theint eraction. An important characteristic of theumpir eis that it allows variations of play. For exa mple, through an umpir e, players ma y play the ga mefromphysically distant locations over a network as in net worked-ga mes. This resembles int eractive syst ems whoseparticipants int eract fromphysically distant places [3].

Themain advantageof thinking in t heset er ms is that specifying an atomic ga meand implementing it by mea ns of an umpir eis easy. Complex int eractivesystems can then bebuilt up as ^compound ga mes~ composed fromsimpler sub-ga mes. As an exa mpleof a compound ga meconsider a ^master’s ga me~ of chess, wher ea chess master plays several chess ga mes wit h differ ent student players simultaneously. Of course, as illustrated in [9], in an int eractivesyst emthecomponent sub-ga mes arenot nor mally all instances of a singlega meas in master’s chess; they would norma lly correspond to differ ent application programs [3], but thesyst emas wholema y beviewed as a compound ga menevertheless.

Figure 1: Interacting with the Control Panel of LAST

To reconstruct our work wit h GLIMPSE and FAST weapplied ga mes t o build LAST [11], a system exemplifying how to usethemetaphor to develop a front-end t o thestatistical packageGLIM. Figure1 shows how int eractions in LAST areorga nised as compound ga mes and present ed in thefor mof a control panel. Thefigureshows a user trying to uset hefront-end t o ent er a new statistical vect or. Differ ent it ems in thepanel areviewed as (sub) ga mes (e.g. ^vect or~), which in turn can becompound ga mes containing active(sub) ga mes (e.g. ^ent er~) fromwhich t heuser selects a move(e. g. ^new~). A movema y start a sub-ga medyna mically (e. g. the^Vect or Entry~ window). Thebenefit of this approach is that even t he addition of advice-giving components to theint eractive syst em[8,14] can bedonein a structured and natural way, as if wewer eproviding an advisor for thecorresponding ga me. Both cont ext sensitiveand strategic advicein LAST has been formulated in t er ms of best moves as det er mined by some expert strategy. In fact mor ethan oneadvisor can bepresent in a ga mein t hesameway that differ ent types of advicema y beincorporated in an int eractivesystem.

Amove that starts a sub-game dynamically

Anot her strength of the ga me metaphor is that it supports a spectrum of differ ent organisations for an

int eractive system. At one end of the spectrum we have centralised organisations controlled by an umpir e

component, and wher e players are components that are nor mally passive unless explicit ly activat ed by the

umpir e to make moves. This end has been fully explor ed in the application of ga mes for building front-

end applications of the type exemplified by LAST. At the other end of the spectrum, we have autonomous

players that play the ga me by sharing a common version of the rules and wit hout the presence of an

umpir e. This paper can be seen as a preliminary study of how t o adapt the existing framewor k of umpir ed

play to one wher e play is achieved via autonomous players, wit h the aim of combining umpir es and

players to for m mor e complex int eractive components.

The paper is organised as follows. Sections 2 and 3 present the existing logic programming repr esentation

for atomic and compound games respect ively. In this framewor k, an umpire is a component that is

identified by the ga me it is umpiring, and wher e players are ident ified by object level programs defining

how players select moves. Then in section 4 we propose a general representation for the rules of a ga me,

further treating the state of the ga me, the umpir e and the players as separate logic progra mming

components. We conclude t he discussion in section 5 wher e we sketch the structure of an autonomous

player and discuss some of the issues involved in building int eractive syst ems from autonomous

components.

2. Atomic Games

In this section we describe the most important parts of an existing knowledge r epresentation framework

[11] for specifying int eractive components as games. This includes the specification of the rules of a game

and the implementation of a game via an umpire.

2.1 Specifying the Rules of a Game

We use the following logic program to describe the rules of a game:

game(State, Result):-

                         terminating(State, Result).

game(State, Result):-

                         not terminating(State, _),

                         valid(State, Move),

                         effects(State, Move),

                         game(State, Result).

The t wo clauses above assume t hat the State  of the ga me is repr esent ed as a complex Prolog ter m

identified by a unique na me identifier. The two clauses are then int erpret ed as follows. If a terminating

state is reached, the rules of the ga me return Result  as output. Other wise, in a non-t er minating state the

effects of a valid Move  are applied to produce a new state. This is obtained by implicitly updating the

properties indexed by the state ident ifier. Interaction as a game cont inues in the new, implicitly updated

state until t er mination is reached. Then to specify a specific ga me, we need t o decide on the structure of

the state ter m and t he representation of the moves, which we represent as terms of the for m:

select(Player, Move).

To complet e the specification of a game we further need t o specify the lower level predicates:

terminating/2 , valid/2  and effects/2  in the for m of object level rules that access, check and manipulat e a

state paramet er.

2.2 The structure of valid moves

In practice, for exa mple in the development of LAST, we oft en want to structure the definit ion of va lid

moves further. It is convenient to expr ess this structure in ter ms of available  and legal  moves:

valid(State, Move):-

                         available(State, Move),

                         legal(State, Move).

Conceptually, we ma y think of available moves as the moves t hat can be physica lly select ed at the state of

a game. Some of the available moves, however, will not always be legal. To ensure that legal moves are

always select ed we specify them separately. We can think of these sa me concepts in programming t er ms

too: available/2  definit ions act as generators while legal/2  definitions act as filters.

Legal moves can be structured further. In LAST, for example, ther e are certain types of moves that must

be forced at a specific stage of the ga me, irrespect ively of what other moves are possible. In ot her words,

in some situations some lega l moves may need to overwr it e the r est of the legal moves. To express this,

we define legal moves in t er ms of necessary  and possible  moves:

legal(State, Move):-

                         necessary(State, Move).

legal(State, Move):-

                         not necessary(State, _),

                         possible(S tate, Move).

necessary/2  definitions alwa ys overwrit e t he lega l moves defined by possible/2  definit ions. In this way,

differ ent applications are specified by defining the condit ions under which a move is available, possible or

necessary and as result implicitly derive when a move is lega l and valid.

2.3 Specification of an atomic game

Consider as an exa mple of a game specification the ^ Vect or Entry~ sub-ga me depict ed in Figure 1

present ed at the introduction. This ga me consists of t wo players, the user and the statistical package

GLIM .  When a user ent ers the na me and the va lues of the vector at the front-end level, GLIM execut es a

comma nd to record the new vector entry, and once this is done the ga me t er minates wit h the front-end also

recording the na me of the vector. To represent the state of t he ^Vect or Entry~ ga me we use the t er m:

 vector _entry(Id) .

Additional state properties required to describe t he ga me are repr esent ed as assertions indexed via the

ga me´s unique Id . We specify t he valid moves of the game by specifying t he available, necessary and

possible moves. The available moves are defined as:

available( vector_entry(Id), select(P, ok(Name, Values))).                 % Enter name and values for a vector.

available( vector_entry(Id), select(P, edit(Prop, Value))).                  % Edit name or values of a vector.

available( vector_entry(Id), select(P, cancel)).                                   % Cancel the vector entry.

available( vector_entry(Id), select(P, enter_vector(Name, Values, Length))) % Enter vector to back-end.

The back-end must execut e the action of ent ering a new vect or once a user has specified its na me and

values. As ther e is no other move possible t o the back-end at that stage we repr esent it as a necessary

move:

necessary( vector_entry(Id), select(^GLIM~, enter_vector(Name, Values, Length))):-

                         last_move(Id, select(user, ok(Name, Values))),

                         vector_length(Id, Length).

A vect or entry is possible when the user presses ^ok~ for the vect or to be recor ded by the syst em:

possible( vector_entry(_), select(user, ok(Name, Values))):-

                         string(Name),

                         numbers(Values),

                         not vector(Name).

In other words, the vect or must have a na me, a set of numbers and the na me must be new, i. e. it should not

already exist in the database of the fr ont-end.

The effects of a move identified by the user pressing the ^ok~ button is repr esent ed as:

effects( vector_entry(Id), select(user, ok(Name, Values))):-

                         length(Values, L),

                         retract(last_move(Id, _)),

                         assert(last_move(Id, select(user, ok(Name, Values))),

                         a ssert(vector_length(Id, L)).

Finally, the ter minating conditions of t he ga me are specified as:

terminating( vector_entry(Id),  cancelled):-

                         last_move(Id,  select(user, cancel)).

terminating( vector_entry(Id),  vector( Id,Name,Values,Length)):-

                         last_move(I d, select(glim, vector_entry(Name, Values, Length))).

In other words the ga me t er minat es eit her because the user has cancelled the ga me or because a vect or has

been ent er ed successfully. Next we discuss implementation issues, but lack of space does not per mit us to

give a detailed exa mple. The reader is referred to [11] for the missing implementation details.

2.4 Implementation of an Umpire

Given a set of rules characterising a game and an init ial state, execut ion of the game/2  progra m specifies

all possible plays for that game with all possible results. A ^game playing~ program however requir es a

differ ent mode of execution, wher eby players effectively select one play from all possible ones. Thus, to

implement a game playing program based on the rules, it is necessary to define how players communicat e
their choices and, assuming a comput er displa y, how t he effects of these choices are present ed on the

display. We also need to specify how to r emove from the display of the ga me when t his has been

ter minated. To do all these, in [11] we conveniently introduced the not ion of an umpire whose behaviour

is defined by the Prolog progra m:

play(S, R, game ( S, R ) ):-

                         stop(S, R, terminating ( S, R ) ).

play(S, R, game(S, R) ):-

                         not terminating ( S , _) ,

                         choose(S, M, valid ( S, M ) ),

                         display(S, M, effects ( S, M ) ),

                         play(S, R, game ( S, R ) ).

The definition of play/3  treats terms of a game specification as data and relies upon t he use of

unification to select paramet ers of specification t erms. This technique is used for accessing parts of the

specification (the rules) from the implementation (the umpir e). For example, part of the t er m that holds the

communication channel of a player can be accessed by the umpir e of the ga me t o subsequent ly r eceive

that player´s move as a message. In this wa y, the definition of play/3  is easily portable. To port the

implementation of a game t o a differ ent platfor m one needs to re-implement the predicat es stop/3 ,

choose/3  and display/3  in the differ ent platfor m.

2.5 Checking integrity of moves

The umpir e of a game must enforce the rules when differ ent players select moves. A move is enabled in

the ga me by developing further the choose/3  predicate. This can be defined eit her by checking the

move in forward mode wher e the umpir e constructs all the valid moves from t he rules and the player

selects one or, in backward mode wher e a player selects a move and the umpir e checks that it is valid

using the rules. The program that follows repr esents checking a select ed move in for ward mode:

choose(State, select(Player, Move), Valid ):-

                         findall(Move, Valid , Moves),

                         select(Player, State, Moves, Move).

Similarly, the program that follows repr esents checking a select ed move in backward mode:

choose(State, select(Player, Move), Valid ):-

                         select(Player, State, Move ),

                         Valid .

In bot h definit ions above, the variable Valid  unifies at execut ion time with a term of the for m:

valid(State, select(Player, Move))

which is the head of the rules defining when a move of a specific pla yer is valid at a specific state. Also in

both definitions above, the selection strategy for moves of a player is defined for for ward mode by rules of

the for m:

select(Player, State, Moves, Move):- Conditions.

and for backward mode by rules of the for m:

select(Player, State, Move):- Conditions.

The differ ence in arity between select ions in the t wo modes above reflects their characteristic differ ences.

In forward mode the set of moves from which a player selects from is constructed by the umpir e befor e a

selection is made, while in backward mode, a player must select a move first and the umpire checks it

after this move is made. Mor eover, the definit ion of select ion rules allows us to define control strategies

for players separately, as if they wer e defined in differ ent components.

3. Composition of Games

It is oft en the case that we want to augment or restrict the functionalit y of an int eractive syst em. Using

ga mes we achieve these changes by either expanding or filt ering the moves of the ga me. Changes can be

incorporated by eit her cha nging the definition of the rules or by treating the changes as a separate

component. In this sect ion we show how by structuring definition of valid moves we can obtain

expansions and filt ers. We also discuss how to specify compound ga mes, eit her as a result of changes

ma de to a system or as a result of the syst em being designed in ter ms of components to for m a complex

whole.

3.1 Expansions

We have used the above structure of valid moves to define expansions for moves of a game. Expansions

are important because it is oft en computationally desirable to allow extra-legal moves to happen in the

ga me. For instance, many chess playing programs allow a player to move pawns backward (as when chess

is played wit hout a comput er) and complain only when t he move is illegal. This solution resembles rea l

life play and it is easier to implement. If only lega l moves wer e to be allowed, one would have t o disable

moves at the device level (e. g. the keyboard). Expansions avoid this situation by introducing new ga mes

whose va lid moves are augment ing t he definit ion of valid moves suggest ed above with the rule:

valid(Expansion, Move):-

                         expands(Expansion, Original),

                         valid(Original, Move).

In this wa y valid moves from the original ga me persist also in the specification of the new expanded

ga me. To complet e t he definit ion of the expansion we also need t o define the t er minating condit ions of the

new ga me as well as the effects of moves which they should now include t he rule:

effects(Expansion, Move):-

                         expands(Expansion, Original),

                         ef fects( Original , Move).

In other words, we also need t o reuse the effects of the or iginal ga me whose state is included in the state

of the expanded ga me.

3.2 Filters

To get the opposit e effect of expansions we use filt ers. In terms of int eractive components, the

development of a filt er ed ga me is analogous to situations wher e we have to constrain the funct ionalit y of a

component, as if the component was customised to supported only a subset of the int eractions that it can

support. The structure of a valid move for a filt er ed game is defined as before but we now need t he rule:

available(Filtered, Move):-

                         filters(Filtered, Original),

                         valid(Original, Move).

In other words, we generate the available moves by reusing the valid moves of the original ga me but we

filt er them by appropriately defining the legal moves at the level of the filt er. Moreover, as a filt er ed ga me

is always a subset of the original ga me, we only need to writ e:

terminating(Filter, Result):-

                         filters(Filter, Original),

                         terminating( Original , Result).

effects(Filter, Move):-

                         filters(Filter, Original),

                         effects( Original , Move).

to reuse directly the t er minating conditions and the effects of the original state.

3.3 Compound G ames

Compound ga mes are complex ga mes composed from simpler, possibly atomic sub-ga mes. As an exa mple

of a compound ga me we have mentioned in t he introduct ion the master’s game  of chess, wher e a chess

mast er plays several chess ga mes wit h differ ent student players simultaneously. Also in the introduction

we have illustrated how t he idea of compound ga mes have been applied to design the control panel of

LAST. We show next how we ha ve for mulated compound ga mes.

3.3.1 Specification issues

The main issue in specifying a compound ga me is how to specify the co-or dination of int eractions

bet ween component sub-ga mes. We deal with t his issue by defining at the compound ga me level under

which condit ions a sub-game is active . We then augment the definition of valid moves present ed in

section 2.2 to include the rule:

valid(State, inside( SubState, Move)):-

                         active(State, SubState),

                         valid( SubState, Move).

That is, the valid moves of a compound ga me are defined to include t he valid moves exclusive to the

compound ga me, including the valid moves in the active component sub-ga mes. The ter m:

inside( SubState, Move)

specifies a sub-move. Then, differ ent for ms of coordination are possible and can be given by suitable

definitions of what an active sub-ga me is. We distinguish two classes of co-or dination in t er ms of

int erleaving sub-ga mes: ^free int erlea ving~ and ^constrained int er leaving~. To represent the state of a

compound ga me in fr ee int erlea ving we use the t er m:

State interleave  free

while t o represent the state of a compound ga me in constrained int erlea ving we use the t er m:

State interleave  constr.

In bot h cases interleave  is a Prolog operator. We can now repr esent co-ordination of a compound ga me in

free int erlea ving as:

active(State interleave  free, SubState):-

                         running(State, SubState).

The developer has to specify under which condit ions moves from the sub-ga mes can be select ed freely by

players of the running sub-ga mes. Similarly, in constrained int erleaving, an active sub-ga me is defined as:

active(State interleave  constr, SubState):-

                         overtaking(State, SubState).

active(State interleave  constr, SubState):-

                         not overtaking(State, _),

                         running(State, SubState).

This last definition of active/2  relies on domain specific constraints defining overtaking  sub-ga mes. These

are sub-games that, at specific stages of the int eraction, have higher priority tha n the rest of the active

ga mes that are running. In this way, by defining active rules and their underlying structure in t er ms of

overtaking and running sub-ga mes we can specify the co-or dination of the int eractions.

Bot h kinds of co-or dination use the sa me, general definit ion for the effects of sub-moves specified as:

effects(State interleave  _, inside( SubState, Move)):-

                         effects( SubState, Move),

                         effects(State, inside( SubState, Move)).

In other words, the effects of the sub-move are applied in t he state of the sub-ga me of the sub-ga me first.

If the sub-ga me has ter minat ed, we also need to remove the sub-ga me from t he list of active sub-ga mes.

For this reason, the effects of t he sub-move are applied in the state of t he compound ga me (a sub-move is

also a move in the compound ga me). To complet e t he definit ion of the compound ga me we need to

specify how the compound ga me is ter minated, this definit ion is ga me specific.

3.3.2 Implementation issues

Ther e are two ma in considerations in developing an umpir e for a compound ga me. One is how active sub-

ga mes are trigger ed when moves are made in them, and the ot her is how to refr esh the state of a sub-game

after a move is perfor med in it. The first issue is concerned wit h the way we specify choices in t he

compound ga me, which for any int erleaving mode is defined as:

choose(State, inside( SubState, Move), Valid ):-

                         trigger(State, SubState, active(State, SubState) ),

                         choose( SubState, Move, valid( SubState, Move) ).

The new implementation predicate trigger/3  serves as an implementation count erpart of the

specification predicate active/2 . The triggering of sub-ga me is defined for free int erlea ving as:

trigger(State interleave  free, SubS, active(State interleave  free, SubS) ):-

                         pick(State, SubS,  running(State, SubS) ).

A new pr edicate pick/3  is defined specifically to deal wit h the way a running ga me is used at the

implementation level of the umpire.

Similarly, the trigger ing of sub-ga mes for constraint inter lea ving is defined generally as:

trigger(State interleave  constr, SubS, active(State interleave  constr, SubS) ):-

                         accept(State, SubS, overtaking(State, SubS) ).

trigger(State interleave  constr, SubS, active(State interleave  constr, SubS) ):-

                         not overtaking(State, _) ,

                         pick(State, SubS, running(State, SubS) ).

Now the new implementation predicat e accept/3  is defined as an implementation count er-part for the

specification predicate overtaking/2 .

The other issue of implement ing a compound ga me is how t o display a compound move:

display(S interleave  _, inside( SubS, M), effects(S interleave  _, inside( SubS, M)) ):-

                         display( SubS, M, effects( SubS, M) ),

                         display(S, inside( SubS,M),   effects(S, inside( SubS, M)) ).

In other words, to displa y a sub-move we first displa y the effects of the sub-move in the state of the

releva nt sub-ga me and then display the effects of the sub-move at the compound ga me as a whole.

4.

        Games revisited

The for mulation present ed in the pr evious sections is the cor e of our approach to develop front-ends of the

kind described in [7,14]. One assumption that we ma de in this work was that differ ent umpir es do not

need t o use the rules of the same ga me, mainly because this situation was never an issue for the specific

class of applications that we wer e trying to support.  An implication of this was that we never needed to

na me the umpir e as a component explicitly, mainly because the umpire was ident ified by t he ga me it was
umpiring. However, in our mor e recent wor k wit h supporting multi-lingual front-end syst ems [13],

differ ent umpir es are indeed r equir ed to localise t he syst em int eractions for differ ent langua ges. Motivated

by this more recent work, we r evisit the development of t he game framework to generalise it both in ter ms

of applicabilit y and generalit y of knowledge repr esentation.

4.1 The rules of a game revisited

When we specified the rules of a game in the pr evious sect ions, the state of the ga me was conceptually a

component managed by object level rules. In this section we treat the state of the ga me as a logic program,

a component defined by a set of rule/3  definit ions. Rules are clauses that are int erpret ed by the va nilla

meta-int erpret er solve/2 [1]. Under these new assumptions, to define t he ter minating conditions of a

ga me we writ e:

terminating(State, Result):-

                         terminatingRule(State, Result, Conditions ),

                         solve(State, Conditions ).

A terminatingRule/3  holds the condit ions under which the state of the ga me t er minates and with

the result specified in the hea d. In this spirit, we define the r est of the programs specifying a ga me. Also,

assuming the definition of valid moves given in 3.1, to define t he va lid and legal moves we define what is

an available, necessary and possible move as:

available(State, Move):-

                         availabilityRule(State, Move, Conditions ),

                         solve(State, Conditions ).

necessary(State, Move):-

                         necessityRule(State, Move, Conditions ),

                         solve(State, Conditions ).

possible(State, Move):-

                         possibilityRule(State, Move, Conditions ),

                         solve(State, Conditions ).

To complet e the r evisit ed specification of a game we define t he effects of a move as:

effects(State, Move):-

                         effectsRule(State, Move, Conditions , Actions ),

                         solve(State, Conditions ),

                         transact(State, Actions ).

The introduct ion of effectsRule/4  aims to separate conceptually t he difference bet ween the

conditions that need to be checked befor e the appropriate actions are carried out for the effects of a move

to take place. To int erpret the actions part of an effects rule we now need to define a transactions

int erpret er:

transact(State, []).

transact(State, [ Action | Actions ]):-

                         transactOne(State, Action ),

                         transact(State, Actions ).

In the simplest for m a transaction is the addit ion of a non-existing or delet ion of an exist ing ground fact:

transactOne(S, add( Fact )):-

                         ground( Fact ),

                         not solve(S, Fact ),

                         assert( rule(S, Fact , []) ).

transactOne(S, delete( Fact )):-

                         ground( Fact ),

                         solve(S, Fact ),

                         retract( rule(S, Fact ,[]) ).

Transactions can also be complex, also specified by means of further transaction rules:

transactOne(S, Complex):-

                         transactionRule(S, Complex, Conditions , Actions ),

                         solve(S, Conditions ),

                         transact(S, Actions ).

The specification of transactions in this way has the adva ntages we norma lly attribute to the vanilla meta-

int erpret er in that transaction rules are specified separately from the way we implement the transaction

int erpret er.

4.2 The umpire revisited

To distinguish bet ween t he use of an umpire checking the play of a game and a player playing that ga me

we redefine the play/3  progra m represent ing the umpir e of section 2.4 by adding an extra paramet er and

cha nging the na me to umpire/4  as follows:

umpire(U, S, R, game ( S, R ) ):-

                         stop(U, S, R, terminating ( S, R ) ).

umpire(U, S, R, game(S, R) ):-

                         not terminating ( S , _) ,

                         check(U, M, S, valid ( S, M ) ),

                         display(U, S, M, effects ( S, M ) ),

                         umpire(U, S, R, game ( S, R ) ).

This new definition of the umpire implementation is conceptually clear er from that given in sect ion 2.4,

because it emphasises the ma in responsibilities of the umpir e for checking and displaying moves made by

players. Also, an umpire is now a separate component wit h an int ernal state specified by rule/3

definitions int erpret ed by the vanilla meta-int erpret er solve/2 . New types of rules are requir ed to stop

the ga me, check t he moves and display t he effects. For exa mple, stopping a ga me is specified as:

stop(U, S, R, Terminating ):-

                         Terminating ,

                         stopRule(U, S, Conditions, Actions ),

                         solve(U, Conditions )

                         transact(U, Actions ).

A stopRule/4  holds the conditions that would bring about the successful t ermination of the ga me.

However, in the new for mulation we need also to specify t he actions that the umpire needs to recor d the

outcome of t he ga me in the local state.  We can continue the for mulation of the umpir e by defining how

moves are checked.  In forward mode, a move ma de is checked as:

check(U, select(P, Move), S, Valid ):-

                         findall( Move , Valid , Moves ),

                         solve(P,  select(S, Moves, Move) ).

and in backward mode as:

check(U, select(P, Move), S, Valid ):-

                         solve(P,  select(S, Move) ),

                         Valid .

Displa ying a move is also defined generally as:

display(U, S, M, Effects ):-

                         Effects ,

                         displayRule(U, M, Conditions ),

                         solve(U, Conditions ).

A displayRule/3  holds the condit ions that would bring about the effects that the move has on the

display of the application.

4.3 The Umpire of a Compound game

In the r evisit ed definit ion of the umpir e moves from a compound ga me are checked as befor e:

check(U, S, M, valid ( S, inside( SubS, M) ) ):-

                         trigger(U, S, SubS, active ( S, SubS ) ),

                         check(U, SubS, M, valid ( SubS, M ) ).

The main differ ence now is the way we implement t he umpire to trigger a sub-game, in ot her words, the

way we define how an umpir e accepts an overtaking sub-ga me or how t he umpire picks a running one.

The programs corresponding to t hese definit ions are given below:

accept(U, S, SubS, Overtaking ):-

                         Overtaking ,

                         acceptRule(U, in(S, SubS), Conditions ),

                         solve(U, Conditions ).

pick(U, S, SubS, Running ):-

                         Running ,

                         pickRule(U, in(S, SubS), Conditions ),

                         solve(U, Conditions ).

As before, the above programs rely on the introduct ion of the new rule types: acceptRule/3  and

pickRule/3 . To complet e the definition of a compound umpir e we need also to specify how to display
the effects of a compound move, the definit ion is her e similar to the one present ed in 3.3.2, so we omit it

for simplicity.

5. Concluding Remar ks

We have pr esent ed a game-based archit ecture for developing complex int eractive components in

computational logic. This supports the development of int eractive components, in such a way, that a

component is organized eit her as a player that makes moves according to well specified rules or as an

umpir e that enforces the rules on players, and ther eby controlling their int eractions. T he paper has

explored in detail one extreme of the ga mes metaphor wher e a game is always played in the presence of an

umpir e. Such a component treats players as passive infor mat ion sources activated whenever they have to

select a move. An alt ernative view of using a game specification is to pla y the ga me fr om the point of

view of an autonomous player and possibly wit hout the presence of an umpir e. This view is motivat ed by

our recent work in connect ed communit y syst ems [5]. These are syst ems t hat support communit ies of

users to communicat e by using soft ware agents as surrogate int elligent entit ies. Motivated by this class of

applications we ma y view a user agent as a player that plays a compound ga me whose state represents the

state of a complex communit y environment. If we assume a logic-programming platform with a multi-

threaded  capabilit y [2], a suitable repr esentation of an autonomous player is as a thread  running the

program:

play(P, S, R, game ( S, R ) ):-

                         exit(P, S, R, terminating ( S, R ) ).

play(P, S, R, game ( S, R ) ):-

                         quit(P, S, R, not terminating ( S, R ) ).

play(P, S, R, game ( S, R ) ):-

                         not terminating ( S , _) ,

                         choose(P, S, M, valid ( S, M ) ),

                         execute(P, S, M, effects ( S, M ) ),

                         play(P, S, R, game ( S, R ) ).

A player concludes a game by eit her exiting a terminating ga me or by quitting a non-t er minating one;

quitting a game is a way of justifying autonomy in the construction of the player. Otherwise, the player

plays the ga me by choosing a move, executing it and cont inuing the play unt il t he ga me ends. To define a

player we now need t o define t he predicat es exit/4 , quit/4 , choose/4  and execute/4 for

atomic and compound ga mes.

What is the adva ntage of having autonomous pla yers? The most important one is that we can support

decentralized organizations of int eractive syst ems and develop them in a component-or ient ed fashion as

we have done wit h centralized ones. Moreover, decentralized organizations may be combined wit h

centralized ones t o for m mor e complex syst ems. For example, we can build a component that most of the

time acts as an autonomous player, and only in some cases ˘ for instance when it has to int eract with a

user ˘ acts as an umpir e. We are current ly planning to experiment with these ideas in our work wit h a

mult i-agent syst em t hat we develop in [5]. Most of the issues that arise in the autonomous case are about

the implementation of synchronizing differ ent players to access or change the state of the ga me now

ma naged by an environment process . The detailed consideration of these issues, however, is the subject of

further work.

References

[1] A. Brogi, Program Construction in Computational Logic, Department of Computing, University of

Pisa, Italy, 1993.

[2] D. Chu. IC-Prolog II: A Multi-threaded Prolog System . In G. Succi and G. Colla ( Eds), Proceedings of

the ICLP-93 Post-confer ence Workshop on Concurrent, Distributed and Parallel Implementations of Logic

Programming, 1993.

[3] E. A. Edmonds and B. S. Murray and J. Ghazikha nia n  and S. P. Heggie .  The Re-use and Integration

of Existing Software: A Central Role for the Intelligent User Interface . HCI ’92, People and Comput ers

VII, 1992, pages 415-427, British Comput er Societ y Conference S eries, A. Monk and D. Diaper and M.D.

Harisson ( Eds), Cambridge Universit y Press.

[4] M. Green. A Survey of three Dialogue Models.  ACM Transactions on Graphics, 5 (3) : 244 ˘ 275,

1986.

[5] J. Pitt, A. Mamdani and K. Stathis, A Cooperative Information System for the Connected Communities ,

Proceedings of COOP´98,  vol 2: 72-76, Cannes, France, May 1998.

[6] M. J. Sergot, A Query-t he-User facility of Logic Programming. In P. Degano and E. Sandwell (Eds),

Int egrated Int eractive Comput er Systems, pp 27-41. North Holland, 1983.

[7] K. Stathis, A FAST Front-End  Application , Proceedings of the 2 nd  Int ernational Confer ence of

Practical Applications of Prolog, London , April  1994.

[8] K. Stathis, How to give FAST Advice , Proceedings of t he 7 th  Symposium and Exhibition on Industrial

Applications of Prolog, Tokyo , Japan , October  1994.

[9] K. Stathis and M.J. Sergot, Games as a Metaphor for Interactive Systems ,  7 th  Inter national Confer ence

of Huma n Comput er Int eraction, HCI´96, Springer-Verlag, August  1996.

[10] K. Stathis and M.J. Sergot, A Fast Glimpse of Knowledge-Based Front-Ends as Games , Proceedings

of the 1 st  Int ernational Confer ence on Successes and Pitfalls of R eal-World Applications in Knowledge-

Based Syst ems, pages 81-90, AIT Press, Thailand , September  1996.

[11] K. Stathis, Game-Based Development of Interactive Systems , Ph.D.  Thesis , Department of

Computing, Imperial College of Science, Technology and Medicine, London, SW7 2BZ, UK ,  November

1996.

[12] K. Stathis and M.J. Sergot, Knowledge-Based Front-Ends as Games , in  Journal of Lessons Learned

in Infor mation Syst ems Management, 2(1) ,  pages 135-147, Jay Liebowitz Edit or, 1997.

[13] K. Stathis and M.J. Sergot, An Abstract Framework for Globalising Interactive Systems , Journal of

Int eracting with Comput ers, 9(4),  pages 401-416 ,   D. Day Guest Edit or, 1998.

[14] D.E.  Wolst enholme , C.M. O´Brien and J.A.Nelder . GLIMPSE: a Knowledge-Based Front-End for

statistical analysis . Knowledge-Based Syst ems, 1:173-178, 1988.