
Nomadi Time(Extended Abstrat)Andrew Hughes1Department of Computer Siene, University of She�eld,Regent Court, 211 Portobello Street, She�eld S1 4DP, UK.e-mail: a.hughes�ds.shef.a.uk1 IntrodutionCCS [1℄ is ommonly used for modelling synhronous ommuniation betweentwo proesses, where one sends a signal and the other reeives it at the sametime (a onept referred to as loal synhronization). However, it annot diretlyrepresent systems involving synhronization of a sender with an arbitrary num-ber of reipient proesses (known as global synhronization) in a ompositionalmanner. Cruially, the semantis of a broadast agent annot suitably be rep-resented using CCS. If the agent is de�ned as transmitting a signal to eah ofthe reipients sequentially, through multiple loal synhronizations, then its se-mantis will beome non-ompositional, beause suh behaviour depends uponthe number of reipients. Eah time a new reipient is introdued, or one of theexisting ones is removed, the semantis will have to be hanged.A solution to this de�ieny lies in providing a way of determining whenall possible synhronizations have taken plae. With this faility available, thebroadast agent an reurse, transmitting signals, until this ondition holds. Thefamily of abstrat timed proess aluli (inluding TPL[2℄ and CaSE[3℄) allowthis by extending CCS with abstrat loks. These don't represent real time, withunits suh as minutes and seonds, but are instead used to form synhronousyles of internal ations followed by lok tiks. A onept known as maximalprogress enfores the preedene of internal ations over lok tiks, allowing thepossible synhronizations to be monitored. When a synhronization takes plae,it appears to the system as an internal ation. Thus, with maximal progress,synhronizations prevent the lok from tiking, and a result, the ourrene ofa lok tik also indiates that there are no possible synhronizations.However, the timed aluli mentioned above lak any notion of distributionor mobility. Thus, while they an adequately represent large stati systems, in-volving both loal and global synhronization, they fail to model more mobilesystems, where the loation of a proess an hange during exeution. In on-trast, the ambient alulus [4℄ inludes both distribution (via strutures knownas ambients) and mobility (by allowing these strutures to be moved, alongwith their onstituent proesses, during exeution). But, it su�ers from similarde�ienies to CCS when modelling global synhronization.This extended abstrat presents the alulus of Typed Nomadi Time (TNT),whih ombines the abstrat timed alulus, CaSE, with notions of distribu-tion and mobility from the ambient alulus and its variants ([5,6℄). This allows



the reation of a ompositional semantis for mobile omponent-based systems,whih utilise the notion of ommuniation between arbitrary numbers of pro-esses within a mobile framework. To extend the example of a broadast agentgiven above, this extension allow broadasts to be loalised to a partiular groupof proesses, whih an hange during exeution. Setion 2 provides a simpleexample, illustrating the use of the alulus, while setion 3 onludes with adisussion of future work.2 A Simple ExampleConsider the familiar hildren's game of musial hairs. The ondut of the gamean be divided into the following stages:1. The players begin the game standing. The number of players is initially equalto the number of hairs.2. The musi starts.3. A hair is removed from the game.4. The musi stops.5. Eah player attempts to obtain a hair.6. Players that fail to obtain a hair are out of the game.7. The musi restarts. Any players who are still in the game leave their hairsand the next round begins (from stage three).The winner is the last player left in the game. A model of this game an bereated using the TNT proess alulus.The game environment is represented using named loations (ommonlyknown as loalities in the literature). These loalities an be nested within eahother and form a forest struture (due to the possibility of multiple loalitiesourring at the top level). In the musial hairs senario, eah hair is repre-sented by a loality, as is the `sin bin', to whih players are moved when theyare no longer in the game. These loalities are all nested inside a further loal-ity whih represents the room itself. This is not a neessity, but makes for aleaner solution; it allows multiple instanes of the system to be nested insidesome larger system, eah performing its own internal interations and enteringinto the synhronization yle of the larger system.The loality struture is represented in the alulus by the expression shownbelow. The room loality ontains multiple chair loalities, eah of whih on-tains 0, a proess with no expliit behaviour1. The | operator onneting thehair loalities denotes parallel omposition; eah loality and its onstituentproesses runs onurrently. CB and the σ and ω symbols will be explainedshortly.
room[chair[0]CB

∅ | chair[0]CB

∅ ]ω{σ}. (1)1 It does exhibit ontextual behaviour, due to transitions reated by lok tiks.



The players themselves are represented by proesses. This allows them bothto interat and to move between loalities. A gamesmaster proess is also in-trodued. This doesn't play an ative role in the game itself, but is insteadresponsible for performing the administrative duties of removing hairs from thegame and ontrolling player movement. The proess de�nitions are summarisedin Table 1, along with the derived syntax used in this example.Table 1. Summary of Proesses and Derived Syntax for Musial Chairs
ω

def
= µX.(in.X + out.X + open.X) (2)

σ.P
def
=⌈0⌉σ(P ) (3)

CB
def
= µX.(in.out.X + open) (4)

SB
def
= µX.in.X (5)

GM2
def
= σ.GM3 (6)

GM3
def
= open chair.GM5 (7)

GM5
def
= µX.(⌈in chair sit.X⌉σ(GM6)) (8)

GM6
def
= µX.(⌈in sinbin leave.X⌉σ(GM2)) (9)

Player
def
=⌈sit.P InChair⌉σ(Loser) (10)

PInChair
def
= σ.(out chair stand.0|stand.P layer) (11)

Loser
def
= leave.0 (12)

The presene of musi is signi�ed by the tiks of a lok σ. A tik from σis also used to represent the impliit aknowledgement that everyone who anobtain a hair has done so, and that the remaining player left in the room haslost. σ appears as part of a set of loks on the bottom right of the loalityde�nition to signify that its tiks are visible within the loality (inluding anynested loalities), but not outside. Instead, tiks appear as silent ations outsidethe loation boundaries.The top right of a loality is used to speify a further property of the loality,the bouner. This is essentially a proess with a very limited hoie of availableations. It has no real behaviour of its own, but instead performs the job ofmanaging the loality. It ditates whether proesses or other loalities may enteror exit the loality, and whether the loality may be destroyed by a proess inthe parent loality. Within the musial hairs model, suh protetion is irrelevantfor the room itself (a bouner, ω (2), is used whih ensures that all possiblemovements are allowed), but is essential for the hairs (4) and the sin bin (5).



It is the hair bouner that enfores the impliit prediate that only one playermay inhabit a hair at any one time, while the sin bin bouner prevents playersleaving the sin bin one in there.To model stage one of the game, n player proesses and n hair loationsare plaed in the room. The advantage of using TNT for this model is that theatual number of players or hairs is irrelevant. They only have to be equal atthe start to aurately model the game. The alulus allows the reation of aompositional semantis, as disussed in setion 1, whih work with any n.For the purposes of demonstration, n is assumed to be two to give the fol-lowing starting state:
room[chair[0]CB

∅ | chair[0]CB

∅ | σ.σ.P layer | σ.σ.P layer | GM2]ωσ . (13)The room and hairs appear as shown earlier. The proesses of the form σ.σ.P layersimply wait until two lok yles have passed, the end of eah being signalled bya tik from σ. The intermittent period between the tiks (the seond lok yle)represents the playing of the musi. This syntati form, denoted more generallyby σ.P (P being some arbitrary proess), is derived from the ore syntax of TNTas shown in (3). Like most of the model, it relies on the stable timeout operator,
⌈E⌉σ(F ), where F ats if E times out on the lok, σ. In this ase, E, being 0,will always time out as it has no ations to perform.The gamesmaster (GM2 (6)) also waits for the �rst lok tik (the musistarting), but then evolves to GM3 (7) and uses the seond yle, prior to themusi stopping, to remove a hair from the game. Maximal progress, as explainedin setion 1, ensures that this ours before the next lok tik, as the removalemits a silent ation.The most interesting part of the model lies in the interation with the hairs,whih forms part of stages �ve to seven. The aim of stage �ve is to get asmany player proesses as possible inside hair loalities. This is handled by againrelying on maximal progress to essentially perform a form of broadast thatentres on mobile ations. Rather than sending a signal to a number of reipients,a request to move into a hair (see (8) and (10)) is delivered instead.If a hair is available, then a player proess will enter it (the atual hair andplayer hosen is non-deterministi). This will ause an internal ation to our,as illustrated by (14), and this will take preedene over the lok tik. Thus,when the lok eventually does tik, it is lear that no more players an enterhairs. Using loks in this manner makes the system ompositional ; in ontrastto other models, players and hairs an be added without requiring hanges tothe proess de�nitions.

GM5 | Player | chair[0]CB

∅

τ
−→ GM5 | chair[0 | PInChair]out.CB

∅

(14)Stages six and seven proeed in a similar way. Stage six sees essentially thesame broadasting behaviour applied to the losing players (see (9) and (12)).
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