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File Agent.h

/ / s s s s s s s s by

Type AgentMainloopCBL evel

/'l Agent mainl oop call back |evels
typedef int Agent Mai nl oopCBLevel ;

Type AgentMainloopCBL evel Values

/1 Standard mainl oop call back levels (= priorities/order in nain |oop)
typedef enum

AGENT_CBLEVEL_FI RST=0,
AGENT_CBLEVEL_SENDI NG=3,
AGENT_CBLEVEL_NETWORK=6,
AGENT_CBLEVEL_PENDI NG=9,
AGENT_CBLEVEL_| NTERACTI ON=12,
AGENT_CBLEVEL_POST_| NTERACTI ON=15,
AGENT_CBLEVEL_RENDER=18,
AGENT_CBLEVEL_LAST=21

} Agent Mai nl oopCBLevel Val ues;

Type AgentMainloopCB

/1 Agent mainl oop cal |l back met hod type
/1 cbLevel = main loop I evel at which call back was cal | ed.
/1 franeStartTime = nachine local time sanpled at start of frame.
/1 userData = user data passed to addMai nl oopMet hod/ Ti rer.
typedef void (*Agent Mai nl oopCB) ( Agent Mai nl oopCBLevel cbLevel,

Time & raneStartTi e,

voi d *userDat a);



Class Agent

/'l Agent class, encapulates thread and activity
cl ass H VEKEXPORT Agent : public Root {

/1 Agent class primary API
public:

/] Object life-cycle

// Standard constructor: allocates new ID for Agent, and registers
/1 Agent with specified name. NetworkEvent Handl er nust al r eady

/] exist.

Agent ( Net wor kEvent Handl er *eh, crg_string_t nane = NULL);

/1 Agent Destructor - not currently guaranteed to be garbage free
/1 (it is expected that an Agent will normally live for as | ong as
/1 its hosting process).

~Agent () ;

N e
/1 Cbject getters/setters

/l returns the id of this Agent
void getld(AgentID& id);

/1 given an Environmentl D or Host-1P/Nane string, return a pointer to the
/1 environment if this Agent has a replica of it.

Envi ronnent * findEnvironment (Environnent | D& env_i d);

Envi ronnent * findEnvironnent (crg_string_t name);

/1 Agent Environnent managenent

/1 Join an Environnent specified as "host-IP/ name".

/1 1f host-IP is not specified (e.g. "/name" or "nane") then defaults
// to local host.

// The actual Environnment instance is created by Environment Factory
/'l (see setEnvironment Factory).

// Returns NULL if the attenpt fails.

Envi ronnent * j oi nEnvironment (crg_string_t env_nane);

// join an Environment with specified ID.

/'l The actual Environment instance is created by Environment Factory
/'l (see setEnvironment Factory).

// Returns NULL if the attenpt fails.

Envi ronnent * j oi nEnvi r onment (Envi ronnent | D& i d);

/1 Leave specified Environnent
crg_bool _t | eaveEnvi ronnent (Envi ronnment* e);

/] Create a new environnment with the master as this agent.
// The actual Environment instance is created by Environment Factory
/'l (see setEnvironment Factory).
Envi ronnent * creat eEnvi r onment (Envi ronment | D& i d,
crg_string_t env_name = NULL,
crg_bool _t total _order = 0,
Audi oType audi o_t ype=PEER TO PEER UN CAST) ;

/1 Change environnment factory to be used by createEnvironment,

// returns old environnment factory.

/!l This is used to change the actual Environment (sub)class created
/1 by joinEnvironment or createEnvironment. E. g. additiona

/1 environment functionality (such as audi o-support) nmay be

/1 provided by a particular subclass of Environnent.

Envi ronnent Fact ory *set Envi ronment Fact or y( Envi ronment Factory *fact);



// Add an environnent to the list managed by this agent and register it
with

/1 the local trader. Used when Environments are created in strange ways -

/1 like froma file.

voi d addEnvi ronment (Envi ronment* env);

/1 Timer and rmain loop functionality

/1 Add default main loop functions - sendi ng, network, pending
voi d addDef aul t Mai nl oopMet hods() ;

/1 add a mainl oop nethod (call ed every frane)

voi d addMai nl oopMet hod( Agent Mai nl oopCBLevel cbLevel,
Agent Mai nl oopCB cal | back
voi d *user_data);

/1 Add a tiner nethod (called after delay (repeatFl ag=0),
/1 or every delay (repeatFlag!=0).
voi d addMai nl oopMet hod( Agent Mai nl oopCBLevel cbLevel,
Agent Mai nl oopCB cal | back
voi d *user_dat a,
Time &del ay, int repeatFl ag);

/1 Renpbve a mainloop/timer method - argunents nust nmatch the
/'l corresponding call to addMi nl oopMet hod exactly.
voi d renmoveMai nl oopMet hod( Agent Mai nl oopCBLevel cbLevel,
Agent Mai nl oopCB cal | back
voi d *user_data);

/1 Renove all mainloop nmethods which match the specified call back
/1 and/or user dat a.
voi d renmoveMai nl oopMet hods( Agent Mai nl oopCB cal | back=NULL,

voi d *user_data=NULL);

// Do main loop - may never return. Qptionally specify mninmum
/1 interfrane time (in seconds and microseconds). This may be
/1 over-riden to make it shorter (for internal systemliveness
/1 on sonme platforns). maxDel aySec < 0 requests indefinite

/1 blocking when there are no network or tinmer events.

voi d mai nl oop(l ong naxDel aySec=-1, |ong naxDel ayUsec=0);

/1 quit nmainloop - at end of current frame. Typically called
/1 automatically by standard signal handler.
voi d quit Mai nl oop();

/1 Suppl ementary APl met hods



File Environment.h

// s s s s sy
// s s s s sy




Class Environmentl temChildl terator

/*

class to iterate children of Environnentltem
*/
cl ass H VEKEXPCRT Environment | tenChil dlterator

/1 Environmentltemiterator prinary API
public:

/] Default constructor

inline EnvironnmentltentChildlterator()
next El em( 0)

{}

/1 Initialise using Environmentltem:iterateChildren
/] Get next child. Note - unsafe to call across changes in

/1 children.
Envi ronnent I tem *next () ;

/ / s s s s s s s s s s s s

/!l end of Environnentltemiterator primary API
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Class Environmentl tem

/*

Class containing informati on about a single itemin the environnent.

The actual itemdata is stored in another object referenced by this one.
*/

cl ass H VEKEXPORT Environnentltem: public Serializable {

[/ Environmentltem prinary API
public:

/1 getters/setters

/!l lterate children of this item
Envi ronnmentl tenChildlterator *
iterateChildren(EnvironmentltenChildlterator* i);

/1 Cet itemdata
ItenData *getltem();

/1 Get current owner
Agent | D get Omer () ;

/1 Cet responsible agent (inportant for process bound itens)
Agent | D get Responsi bl e();

/1 Get |ock type
LockType get Locked();

/1 Get sequencer val ues
Sequencer get Mseq();
Sequencer get Cseq();

[/l Get Environment hosting this item
Envi ronnent * get Envi ronnent () ;

// s s s s s s s s s s s s
// end of Environnentltemprimary API
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Class Environmentl teml terator

/*
Class used to iterate through the contents of an environnent
*/
cl ass H VEKEXPORT Environnmentltem terator : public HashTablelterator {

/!l Environmentltemiterator prinary API
public:

/| Default constructor.

/'l Then initialise using Environnent::iterateTopLevel or
// Environnment::iterate

inline Environnentltem terator()

: HashTabl el terator ( NULL) {

}

/] Get next itemin iteration.
/1 Note - not safe to call across changes to the Environment.
inline Environmentltent next() {

HashTabl eEl enent * he = HashTabl elterator:: next();

return (Environnmentltent) ((he !'= NULL) ? he->data : NULL);

// s s s s s s s s s s s s
/!l Environmentltem terator supplenentary API
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Class EnvironmentAPI

/*

*

The abstract interface to the environnent with which an object can
interact - used by Environment and al so by Request For Omership to
stack up events subject to a transfer of ownership

/

cl ass H VEKEXPORT Envi ronment API
// s s s s s s s s s s s s
/1 Environment APl primary API
public:
e e e

/1 Standard Event generators

/Il Generate item ADD Event

/'l Note: takes I|tenData.

/] Note: used by addNewX utility methods (in Environnent)

Status itemAdd(ltenData* item LockType | ocked=LOCK_ HARD);

Status itemAdd(ltenData* item LockType |ocked, Tine &m nTine);

/1 note: steals contraints |list contents

Status itemAdd(ltenData* item LockType |ocked, Tine &m nTine,
Li st& constraints);

/1 Cenerate item UPDATE Event

/1 Note: takes I|tenData.

/1 Note: used by updateX utility nethods (in Environment)

Status itenpdate(ltenData* item;

/1 NMake UPDATE optional rather than mandatory (which is default)

Status itenpdateOptional (ItenData* iten);

Status itenUpdate(ltenData* item Time &m nTinme);

/1 note: steals contraints list contents

Status itenUpdate(ltenData* item Time &m nTime, List& constraints,
I ong optional =0);

/]l Generate item DELETE Event

Status itenDelete(ltem D& id);

Status itenDelete(ltem D& id, Time &m nTinme);

/] note: steals contraints list contents

Status itenDelete(ltem D& id, Tinme &m nTime, List& constraints);

// Do depth-first iteration of itemtree, generati ng DELETE Events
/] for all itens.

Status itenDel eteTree(ltem D& id); // Delete itemand children.
Status itenDel eteTree(ltem D& id, Tine &m nTine);

/1 Cenerate item SET_OANER Event

Status itenBet Omer(ltem D& id, Agentl D& new owner,
LockType | ocked=LOCK_NONE) ;

Status itentet Omer(ltem D& id, Agentl D& new owner,
LockType | ocked, Time &m nTine);

/] note: steals contraints |list contents

Status itenbet Omer(ltem D& id, Agentl D& new owner,
LockType | ocked, Tinme &m nTi ne,
Li st & constraints);

/] Generate item SET_LOCKED Event
Status itenbet Locked(ltem D& id, LockType | ocked=LOCK_HARD) ;



/'l Generate NOTIFI CATI ON Event

Status notification(EventNotificationData *nmessage);

Status notification(EventNotificationData *message, Tinme &m nTine);

I/l note: steals contraints |list contents

Status notification(EventNotificationData *message, Time &m nTine,
Li st & constraints);

/1 generate LOG MESSAGE events

St at us | ogMessage( Event LogMessageDat a *nessage) ;

St at us | ogMessage( Event LogMessageDat a *nessage, Time &m nTinme);

/1 note: steals contraints list contents

St at us | ogMessage( Event LogMessageDat a *nessage, Ti nme &m nTi e,
Li st & constraints);

/'l Mark start and end of atom c actions.
/1 Note: not currently supported.

void startAtomc();

voi d endAt om c();

// s s s s s s s s s s s s
/1 end of EnvironnentAPl prinmary API

11
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Class Environment

cl ass H VEKEXPORT Environnent : public Serializable, public Environnent APl

/1
publ

11

Envi ronnent APl primary API
ic:

oject life-cycle

Environnment objects are normally created by an Envi ronnent Factory
at the request of an Agent: See

Agent : : j oi nEnvi r onment

Agent : : cr eat eEnvi ronment

Agent : : | eaveEnvi r onment

getters and setters

Get Environnent’'s ID

inline Environment| D getID() {return id;}

11

Get I D of Agent responsible for this local Environnent replica

Agent | D get Omer | D() ;

11

Get I D of master Agent responsible for this Environment.

Agent | D get Master! I();

11
11

Get reference to Agent responsible for this |ocal Environment
replica. Nornmally this will be the only local Agent.

Agent *get Owner () ;

11

Get Environnent nane

inline crg_string_t getNane() {return name;}

11
11
11
St
11
11
St
11
11
11

11

It

It

It

It

It

Item | D managenent

Return a newitemID. For a non-naster Environnent this my
i nvol ve an RPC request.
atus get New D(Item D& new_id);

Return a block of newitemIDs. item.id++ for each one. For a
non-master Environment this may involve an RPC request.
atus get New Ds(crg_int32_t numids, Item D& first_id);

I tem mani pul ati on conveni ence functions.
This wap up calls to Environment APl et hods.

utility function for specialised itemAdd operations
em D addNewentity(ltem D *parent =NULL, Matri x3D *transfor m=NULL,
Ext ent 3D *ext ent =NULL,
Traj ectory3D *traj ect ory=NULL,
LockType | ock=LOCK_HARD,
crg_int32_t flags=I TEM PROCESS BOUND) ;
em D addNewAttri bute(ltem D *parent, char *nane, char *val ue,
LockType | ock=LOCK_HARD,
crg_int32_t flags=I TEM PROCESS BOUND) ;
em D addNewFilter(ltem D *parent, char *nane, char *val ue,
LockType | ock=LOCK_HARD,
crg_int32_t flags=I TEM PROCESS BOUND);
em D addNewCeonetry(ltem D *parent, char *url,
LockType | ock=LOCK_HARD,
crg_int32_t flags=I TEM PROCESS BOUND) ;
em D addNewSwi tch(Item D *parent, int val ue=0,
LockType | ock=LOCK_HARD,

{

11



crg_int32_t flags=I TEM PROCESS BOUND) ;
Item D addNewLi nk(1tem D *parent, Iten D *target,
LockType | ock=LOCK_HARD,
crg_int32_t flags=I TEM PROCESS BOUND);
Item D addNewBoundary(ltem D *parent, char *target Narne,
char *abstracti onName=NULL,
Pol ygon3D *pol ygon=NULL,
Mat ri x3D *transf or meNULL,
fl oat awarenessTransfor mel. O,
Item D *reci procal =NULL,
LockType | ock=LOCK_HARD,
crg_int32_t flags=I TEM PROCESS BOUND) ;

[/l utility functions for specialised itenpdate operations
Status updateEntity(ltem D & d, Matrix3D *newlransfor m=NULL,
Ext ent 3D * newkxt ent =NULL,
Traj ectory3D *newTraj ect or y=NULL,
crg_int32_t setFlags=0L,
crg_int32_t clearFlags=0L,
int optional Fl ag=0);
Status updateEntityOptional (Item D & d, Matrix3D *newlransfor m=NULL,
Ext ent 3D * newkExt ent =NULL,
Traj ectory3D *newTraj ect or y=NULL,
crg_int32_t setFl ags=0L,
crg_int32_t clearFlags=0L);
Status updateAttribute(ltem D & d, char *newName=NULL,
char *newval ue=NULL,
crg_int32_t setFl ags=0L,
crg_int32_t clearFl ags=0L,
i nt optional Fl ag=0);
Status updateFilter(ltem D & d, char *newNarme=NULL,
char *newal ue=NULL,
crg_int32_t setFlags=0L,
crg_int32_t clearFlags=0L,
int optional Fl ag=0);
St at us updat eGeonetry(ltem D & d, char *newlrl,
crg_int32_t setFlags=0L,
crg_int32_t clearFlags=0L,
int optional Fl ag=0);
Status updateSwitch(ltem D & d, int newal ue=0,
crg_int32_t setFlags=0L,
crg_int32_t clearFlags=0L,
int optional Fl ag=0);
Stat us updateLink(ltem D & d, Item D *newTarget,
crg_int32_t setFlags=0L,
crg_int32_t clearFlags=0L,
int optional Fl ag=0);
St at us updat eBoundary(ltenm D & d, char *newTar get Name=NULL,
char *newabstracti onName=NULL,
Pol ygon3D *newPol ygon=NULL,
Matri x3D *newlr ansf or meNULL,
fl oat newAwar enessTr ansf or m=(- 1. 0),
Item D *newReci procal =NULL,
crg_int32_t setFlags=0L,
crg_int32_t clearFlags=0L,
int optional Fl ag=0);

N I R T T
/1l Iltemrelated getters

/] Get current value of item
// Returns NULL if itemnot found.
ItenData* itenmCGet(ltem D& id);

/]l Get current Environmentltemfor item
// Returns NULL if itemnot found.
Envi ronnentltent envlitenmGet (Item D& id);

12



I/l Get current owner and/or lock type of item

/1l Returns STATUS K if successful.

Status itenmCet Omer(ltem D& id, Agentl D& owner, LockType& | ocked);
Status itenGet Omer(Item D& id, Agentl D& owner);

Status itenCet Locked(ltem D& id, LockType& | ocked);

/1 Get transformof specified itemwthin Environment coordinate
/1 system Returns O if OK (i.e. itemand all ancestors found).
int getTransformItem D & d, Matrix3D & ransforn;

/1 ITtemownership facilities

/'l Request ownership of item Request is reified in a

/1 Request For Onner ship obj ect. Specified callbacks are invoked when

/1 ownership is transfered or request is rejected.

/1 |l ocked = desired | ock type on successful ownership transfer.

Request For Omer shi p* itenRequest Omership(ltem D id, LockType | ocked,
Request For Omner shi pCB

success_cbh,

Request For Omner shi pCB

failure_cb,

voi d *userData);

/'l Construct a ControlledltemAPl for a (normally CONTROL | ocked) item
/1 This object will inplenent itenmJpdate events using an inplicitly
/1 created Updat eRequest item This is del eted when the

/] Controlledl temAPl is deleted.

Control | edltemAPl * get Controll edltemAPl (Item D id);

/1 Environment time nmanagenent

/1 Get current globally synchronised time for this Environnent.
/1 Normally different fromhost local tinme for non-master

/1 Environnents.

Ti me get Qurrent Ti me();

// s s s s s s s s s s s s
/1 end of EnvironnentAPl prinmary API

11
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Class RequestForOwnership

/*
Pendi ng request for ownership cl ass
*/
cl ass H VEKEXPORT Request For Oanership : public Root, public Environnment API

/1 Cbject lifecycle

/] Request ForOanership is only created by
/1 Environment::itenRequest Omner ship

// Standard destructor. Event if del eted before any call back,

/1 ownership transfer may still occur - events are likely to be in
/] transit.

~Request For Onner shi p() ;

/1 ITtemownership facilities

/1 Request ForOanership will fail on a LOCK_CONTRCOL item
/1 -> you might want to do this instead.

/1 Passes on pending event(s) to ControlledltemAPl.
Control | edltemAPl * convert ToControl | edlt emAPI ();

// s s s s s s s s s s s s
/'l end of RequestForOmership primary API

11
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Class Controlledl temAPI

/*

Controll edltemAPl - updates only - on a LOCK CONTRCOL item
*/

cl ass H VEKEXPORT Control |l edltemAPl : public Environnent API
{
public
// s s s s s s s s s s s s
/1 Controlledl temAPl primary API
e i e
[/l Object lifecycle
/1 ControlledltemAPl is only created by
/] Environnent::getControlledltemAPl or
/1 Request For Onner shi p:: convert ToControl | edl t emAPI
/1 Standard destructor. WII delete inplicitly created Updat eRequest
[/l itemif present.
~Control | edl temAPI () ;
// s s s s s s s s s s s s
// end of ControlledltemAPl primary API
I
b
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File EnvCallback.h

/ / s s s s s s s s s s s s s

/ / s s s s s s s s s s s s s

Type EnvCallbackFn

/1 Call back handl er type signature.
/1 env = Environment with which call back was registered.
/1 cal  back = reference to EnvCal | back object itself.
/1 type = type of event causing call back.
/1 envitem = reference to event-related item (if any).
/1 event = reference to event causing the call back.
/1 userData = userData registered when EnvCal | back created.
typedef void (*EnvCal | backFn) ( Environment *env,
EnvCal | back *cal | back,
Event Type type,
Envi ronnent | tem *envl t em
Event *event,
void *userData );

/'l generic environment callback - create object to establish,
/1 del ete object to renove.

/'l level mask, relative to filter ID
/1 all levels in sub-tree

#def i ne ENV_CALLBACK_ALL_LEVELS (~0)
/1 filter object only

#def i ne ENV_CALLBACK_OBJECT 0x0001
/1 children of object only

#def i ne ENV_CALLBACK CH LDREN 0x0002
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Class EnvCallback

cl

ass EnvCal | back : public Root ({

/'l EnvCal | back class primary API

public:

/] Object life-cycle

/1 Standard constructor.

/'l Note, not all conbinations of mask values may yield valid call backs.
/| Takes resposibility for freeing notificationFilter (if specified).
I filterID, if specified, is highest itemin hierarchy of

I event-related itens considered. NULL = top |evel.

/1 | evel Mask determ nes event-related itens considered, relative
/1 to filterlD.

/1 bef oreDel i veryFl ag =1 causes call back to occur before event is
/1 del i vered (except for DELETE).

/1

/1 Note: event type EVENT_ADD PRESENT wi || generate i medi ate cal | backs
/Il for existing itenms which match the filter specification.
EnvCal | back( Envi ronment *env, EnvCal | backFn cal | backFn, void *user Dat a,
int event TypeMask=EVENT_ANY, Item D *filterl D=NULL,
unsi gned | ong | evel Mask=ENV_CALLBACK_ALL_LEVELS,
int iteniTypeMask=l TEM ANY,
int beforebDeliveryFl ag=0,
Event NotificationData *notificationFilter=NULL);

/1 Standard destructor - unregisters callback.

11
/1 Note: event type EVENT_DELETE PRESENT wi Il generate i medi ate cal | backs
/Il for still-existing itens which match the filter specification.

virtual ~EnvCall back();

/1 1Indicate the call back should be del eted automaticcaly when
/] associated Environnment or filter itemis deleted.

void freeOnEnvDel eted();

/1 Cbject getters/setters

/1 get Environment with which EnvCal |l back is registered
Envi ronnent *get Envi ronment () ;

/1 get userData as passed to constructor
voi d *get UserDat a();

/ / s s s s s s s s s s s s

11
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