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Chapter 1: Overview

1 Overview

Libremote is a small library that handles remote objects through the use of callback functions,
which are a component of ModSAF's method of event handling. Using this method, libremote,
the library that is interested in network packets belonging to remote entities, requests that the

libcallback library tests for those packet receipt events (these tests are coded in libpktvalve) and

then calls a registered libremote function when the event happens.

After ModSAF initialization is complete, the ModSAF software begins its normal processing
which typically includes listening for packets on the network. When the libcallback events occur,
the software generating the event (libpktvalve) passes libcallback the event handle and arguments;
libcallback then calls the registered libremote callback function. With this method libcallback
distributes event information from a low layer service provider (libpktvalve) to a higher layer
library (libremote).

The use of libcallback, therefore, maintains the relationship between two libraries: (1) libpkt-
valve which detects vehicle appearance, deactivate, designator, and stealth packets; and (2) libre-
mote which filters these packets, performs relevant actions (such as creating new remote vehicles
via libvtab when appropriate), and then passes the packet data to approriate libraries (such as
libentity, libdesignate, or ibstealth).

Currently, libremote registers the following callback functions:

received.vapp()
handles update or creation of a remote vehicle when a vehicle appearance packet is
received

received.deactivatO()
handles removal of a remote vehicle when a deactivate packet is received

received.designate()
handles update or creation of a designator when a designate packet is received

received.-.top-.deignate ()
handles removal of a designator when a stop designate packet is received

received.sapp()
handles the update or creation of a remote stealth when a stealth appearance packet
is received

When the vehicle appearance packet for a remote vehicle (includes DI), missile, or structure

(building or bridge) is received, the following processing takes place via the received.vapp()



2 LibRemote Programmer's Guide

function.

1. Translate the packet's network ID to a local computer vehicle id.

2. If the vehicle does not already exist, determine if this packet refers to an allowed type (VTAB_-REMOTE-_VEHIC.
VTABRENOTELISSILE, or VTABREMOTE.STRUCTURE). If it does then make a new remote ve-
hicle by calling
safobJ .create.renote (vehicle.. id, cim_-id, type, renote. ick.-rate) otherwise exit.

3. If this packet was for a newly created remote or for an already exisiting remote, pass the packet
on to libentity for processing.

When the deactivate packet for a remote vehicle (includes DI), missile, or structure (building or
bridge) is received, the following processing takes place via the received.deactivate() function.

1. Translate the packet's network ID to a local computer vehicle id.

2. If the vehicle does not already exist, exit.

3. If this packet was for an exisiting remote (not local) vehicle, pass the packet on to libentity
for processing.

When the designate packet for a remote designator (includes laser beam), is received, the fol-

lowing processing takes place via the receiveddsignate() function.

1. Translate the packet's network ID to a local computer vehicle id.

2. If the vehicle does not already exist, create it as a remote designator via a call to:

uafobJ-create-reaote (vehicle.id, uiu.id,
VTABREJOTE.DESIGIATOR, reote.tick.rate)

3. Pass the packet on through to libdesignate for processing via the function
dg .gpackot.received(vehicle.id, packet).

When the stop designate packet for a remote designator (includes laser beam), is received, the
following processing takes place via the received.stop.designate() function.

1. Translate the packet's network ID to a local computer vehicle id.

2. If the vehicle does not already exist, exit.

3. If the vehicle is classified as local rather than remote, exit.

4. Pass the packet on through to libdesignate for processing via the
dsg.packet.rceivod(vehicle.id, packet) function.

When the appearance packet for a remote stealth is received, the following processing takes
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place via the received.sapp() function.

1. If this packet does not refer to the type VTABlRE OTESTEALTH, exit.

2. Translate the packet's network ID to a local computer vehicle id.

3. If the stealth does not already exist, then make a new remote vehicle by calling
safobj.create.-remote(vehicle.id, ai.id, type, remote.tick-.rate).

4. If this packet was for a newly created stealth or for an already exisiting stealth, pass the packet
on to libstealth for processing via the function stealth.-appearance-received(vehicle.-id,
packet).
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2 Functions

The following sections describe each function provided by libremote, including the format and

meaning of its arguments, and the meaning of its return values (if any).

2.1 remote-jnit

void renoteinit(packet.valve, types, tick-rate, exercise.id,
sia.addr, protocol)

PV.VALVE.PTR packet-valve;
uint16 types;
uint32 tick-rate;
uint8 exercise.id;
SimulationAddross *sim.addr;
int32 protocol;

'packot-valve'

Specifies the packet valve used to receive packets for vehicles, missiles, structures,

stealths, and designators.

'types, Specifies the types of remotes which should be created.

'tick.rate'

Specifies the tick rate for remote vehicles.
'exercise-id'

Specifies the exercise ID to listen to.

'protocol'

Specifies protocol in use (0 for SIMNET, DISPROTOCOL.VERSION* for DIS)

reuote.init initializes libremote. This function installs packet handlers for remote vehicle
appearance and deactivate packets. types specifies the types of vehicles which libremote should
create (such as VTAB.RENOTE-.VEHICLE I VTAB.REOTELSTRUCTURE, which would prevent remote

missiles from being registered). The tick rate specifies the rate at which remotes should be ticked
for RVA purposes (note that RVA will not necessarily occur every tick; see libentity for more

details). The exercise ID specifies the exercise which will be monitored for arriving vehicles (you
can change this after init time via a call to pv.change.exercise on the simulationProtocolNumber,

see section 'pv.change.exercise' in Libpktvalve Programmer's Manual).

When libremote creates a remote vehicle, it automatically includes the following sub-classes:
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*entity

*pbtab

Call pvjnit before this function. See section 'pv-init' in Libpktvalve Programmer's Manual.
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3 Events

The following sections describe each event provided by libremote.

3.1 remoteJocal-deactivated -event

CALLBACKEVENT.PTR remote.local-deactivatod-event;

The remot.-local.-deactivated.event event fires when a local vehicle receives a deactivate
packet (which under DIS 2.0.3, is an entity state packet with a magic bit set).

void handler(vehicle-id)
int32 vehicle-id;
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1 Overview

LibRouteMap provides a convenient interface to the spatial planning algorithms in libMoveMap.

The library creates a movemap at program startup which contains "large" terrain features for the
whole database. Routines can preplan courses for units using this database.

The database is initialized to support a variety of unit width configuration spaces. When a call

is made to plan a route through the database, the closest width which is greater than or equal to
the desired width is used. Each additional width configurations adds to the storage and compute

requirements.



2 LibRouteM&p Programmer's Guide



Chapter 2: Functions 3

2 Functions

The following sections describe each function provided by libroutemap, including the format
and meaning of its arguments, and the meaning of its return values (if any).

2.1 routemap-create

ROUTEAP..PTR routenap.create(ctdb, quad.p, num.widths, width, width...)
CTDB *ctdb;
QUAD.DATA *quad.p;
int32 nun-widths;
int32 width, width...,

'ctdb' Specifies the CTDB terrain database

'quad.p' Specifies the quadtree terrain database
'num_ widths'

Specifies the number of unit widths to generate maps for
'width, width...'

Specifies unit widths, in increasing order

routeuap.create creates a routemap for a terrain database. This routemap can be used to
plan a route around large obstacles. The map is set up in advance to support planning for a variety
of unit widths. The width used for a particular instance of planning will be the preplanned width
which is no smaller than the passed unit width. The widths must be passed in increasing order.

2.2 routemap.-preplan

void routeuap.proplan(routmap, obstacle.mask, max- illisecondu,
goal, max-plan-deviation, unit-.width, plan)

ROUTEMAP.PTR routemap;
uint32 obstacl.mask;
uint32 max-milliseconds;
ROUTE-POII7S *goal;
float64 max.plan.deviation;
int32 unit.width;
ROUTE.POIITS *plan;
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'toutemap'
Specifies the route map

'obstacle.inask'

Specifies the obstacles to avoid
'mx.illiseconds'

Specifies the maximum time to spend planning the route
'goal' Specifies the goal path
'max.plan-deviation'

Specifies the maximum deviation allowed around each obstacle

'unit-width'
Specifies the width of the unit which will execute the plan

'plan' Returns the planned route

routemap.prplan performs obstacle avoidance around fixed obstacles which match the passed
type mask, and returns the shortest course which can be found in the specified time. The returned
plan is dynamically allocated using NS.ROUTE.ALLOCATEPOINTS (from 'stdroute.h'), and thus
plan. points should be freed using STDDEALLOC. If no plan can be found within the allotted time,
plan.mnum.pts with be 0, and plan.points will be NULL.

The obstacle.mask should be an inclusive OR of the following flags:

ROUTEAPIVERS
River networks

ROUTMEP.LAKES

Lakes

ROUTEAP.BOULDERS
Boulder-covered aeas which are specified in the libquad database

ROUTEMP-.CANOPIES

Tree canopies
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Chapter 1: Overview

1 Overview

Librwa implements an instance of the hull class of components. It provides a low fidelity model

of rotary wing vehicle dynamics.

1.1 Basic Modes

The helicopter has two basic modes of flight, depending on speed. At low speed (SLOW mode).

it uses the rotor only and can face in any direction. It maneuvers by tilting the rotor-vector. At

high speed, it behaves somewhat like a fixed wing aircraft. It turns by flying a curving route.

rather than rotating in place. It may either keep its jets horizontal (FAST-HORIZONTAL mode)

or aligned with the velocity vector (FAST-ALIGNED mode).

1.2 Basic Notation

Vectors are represented by bold letters. Desired values have hats. Thus, R represents the rotor

lift vector, -R represents the desired rotor lift vector, and R represents the scalar amount of lift.

When a vector is listed in terms of its components, it is enclosed in square brackets. Thus,

R = [R., R,,R.J

R The 3D vector indicating the direction and magnitude of the lift/thrust generated by the

rotor. It points out through the drive shaft and is always perpendicular to J.

J The 3D vector indicating the direction and magnitude of the thrust generated by the jets. It
points out the nose of the helicopter and is always perpendicular to R.

r, The time-constant for a generic quantity z, which can be R, track angle, FPA, etc.

A Either the track angle (O=East, w/2=North) or the reciprocal of a time-constant, as will be
specified in each context.

-f Flight path angle, or FPA (0 for horizontal, r/2 for straight up, r/2 for straight down).

* Roll angle. 0 is vertical, +r/2 is 90 degrees to the right, -r/2 is 90 degrees to the left.
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V The 3D velocity vector indicating the direction and speed.

V The scalar speed of the RWA

D The 3D vector indicating the direction and magnitude of the drag force. For notational
convenience, it is taken to point along the velocity vector, not opposite to it.

g The 3D vector indicating the direction and magnitude of the gravitational acceleration. For
notational convenience, it is taken to point up the Z axis, not opposite to it.

M The instantaneous mass of the RWA.

1.3 Dynamics Model

A purely vector representation was chosen to avoid singularities associated with trigonometric
representations. Essential singularities (such as the direction of a 0-vector) persist, but those
associated purely with the coordinate system (such as vertical) are eliminated. A single dynamics
model is used for the entire ffight regime, regardless of the speed or altitude. It simply sums the
net forces of drag, gravity, rotor thrust, and jet thrust to compute the overall acceleration of the
RWA's center of mass. A more detailed physics model of the orientational dynamics was explored
in the initial formulation, based on the cyclic variation rotor angle of attack throughout its rotation
and the thrust of the tail rotor. Careful examinatiov, revealed that, with an optimal controller, the
overall dynamics of the controlled system would be a simply second order vector controller, and it
was implemented as such.

1.3.1 Rotational Dynamics

The rotational dynamics are represented by the control of the jet and rotor. The physical
dynamics and low level control are merged into a simple analytic form, capable of closed form
solution. This is also the fastest control loop. Using a closed form control allows much longer time
steps to be tolerated.

This section will describe the underlying physics, which justifies the merging of dynamics and
control into a low-level model.

Gyroscopic dynamics are not modeled, as a reasonable controller would set its controls first to
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eliminate gyroscopic effects, then impose the desired motion.

1.3.2 Translational Dynamics

V' : V + dtA
P' -: P * dtV 4 (A * sqr(dt)) / 2

The drag function has linear and quadratic terms in velocity, and depends on air density, and
is directed along the velocity vector.

1.4 Control Model

There are four basic control inputs: the 3D desired flight vector, and the desired azimuth along
which the body should face. (Of course, in high-speed mode, the actual azimuth is along the flight
vector.) This is in contrast to the FWA model for ModSAF, which has three basic control inputs,
specifying the 3D desired flight vector. The additional RWA parameter comes from the decoupling
of azimuth-faced from direction of flight at low speeds.

There are two basic levels of control: (a) rotating and scaling the rotor and jet thrust vectors,
to meet net-acceleration goals, and (b) setting the net-acceleration to meet desired-velocity goals.
They are analytically completely independent, and are implemented and described as such.

For testing, a third layer was added which sets desired-velocity to meet route-following goals.

1.4.1 Rotational Control

Both the rotor and the jet are modeled as second order critically damped vector controllers.
They respond to the user's commands as if they were applied in continuous time through a zero
order hold. Second order was chosen to avoid the instanteous speed changes associated with first
order controllers; under-damping was rejected by the requirement to avoid oscillations; critical
damping was chosen so that only one time-constant is needed.

To review the notation of a second order controller, assume we are controlling a vector quantity X

The current error term is:
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epsilon a X - desired X

Because the control is exerted through a ZOH:

d epsilon/dt a dX / dt

The folowing algorithm updates the second order, critically damped controller.

C-1 a epsilon

lambda a I / tau

C-2 a d epsilon / dt + lambda epsilon

L a C.I + dt C.2

d - e(-lambda dt)

dX' / a • (C.2 - lambda C-1) d

X' "dL + desired X

A vector controller having different time-constants for different components is quite feasible,

but somewhat less compact to program. One involving cross-coupling between components would
require the replacement of the scalar exponentials above with matrix exponentials, at greatly in-

creased computational cost.

1.4.2 Translational Control

The FAST and SLOW modes differ greatly in how they do turns. In SLOW mode, there are
two options. In the first turning option, the rotor vector is simply turned so as to accelerate the

helicopter in the desired direction. Thus, if the helicopter is heading due East and is directed to

go due West, it will turn its rotor vector backward to stop its eastward motion, hold it backward
so as to accelerate to the westward, then straighten up the rotor vector so as to cruise along at

the desired speed. The whole maneuver takes place with no North or South excursions at all, and

there is no rolling. There is no change in the body orientation (i.e. in the jet vector J ), as the

vehicle can maintain any desired yaw (though roll and pitch are determined by the desired net

acceleration). That is, it can maintain a 90 degree yaw in flying sideways, or a 180 degree yaw in

flying backwards.
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The second option of SLOW mode, and the only option in the two FAST modes, is to bank to

turn as an airplane would do. Thus, the 180 degree reversal described above would be accomplished

by following a curving path off to the North or South (depending on which direction was ztightly

less than 180 degrees), as an airplane would do.

The desired net acceleration in the first option of SLOW mode is given simply by the following
expression. This net acceleration can only be achieved in SLOW mode.

desired A - (desired V - V) / tau V (A)

Thus, changes in the X, Y, and Z velocity are treated symmetrically, except in that HELO-LIMIT-
FORCE-VECTOR will clamp the force vector so as to not exceed the maximum lift currently
generatable, preserving the Z component if possible. This is done so as to make terrain avoid-
ance/following quite response in the very low-altitude regime where SLOW mode would by typically
employed.

In the second SLOW option (only one in FAST mode) the track, FPA, and Z components are
treated separately, in their response rates and the qualitative form.

First, the Z component of velocity is treated as a first order controller. In a classical first-order
controller, one sets

desired z a x + tau dx/dt,

and attempts to match that constant rate of increase which would take one to the goal in time
r. As the FPA -f is determined by the Z component of velocity (divided by speed), the appropriate
rate-constant to use is r.. So the desired acceleration in the Z direction is as follows:

desired Az a (desired Az - Az) / tau gama

Second, the (X,Y) component of velocity is treated as a kind of first order controller, with linear
increase in magnitude (as with a one-thinen.ional first order controller), and constant rotation
rate (which is novel, as far as I know). Because the (X,Y) direction determines track angle, the
appropriate rate-constant for turnint i. r, . Sinilarly, speed is adjusted using rs . Considering only
the (X,Y) components of the vec itr. i If- ,leired behavior of steady rotation and steady scaling is
modeled by the following equati,.

V(e) = (a + bt)[cos(theta * t omega), sin(theta + t omega)] (B)
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Setting (B) to give V at t = 0 and 'V at time t = r gives the desired parameters, and so determines

the (X,Y) acceleration desired.

theta a tan-1(Vy. Vx)
theta a tan--1(desired Vy, desired Vx)
omega a ANGLE-DIFF (desired theta, theta) / tau lambda
S a sqrt(Vy-2 + Vx-2)
desired S - sqrt(desired Vy-2 + desired Vx-2)
b * (desired S - S) / tau S (C)

The function ANGLE-DIFF returns acute angle difference, so as to always turn through the
smaller angle.

Differentiating (B) with respect to time gives the expression for the X and Y components of the
desired acceleration, and the following overall expression:

desired Ay a -omega Vy + (b/S) Vx
desired Ax - omega Vx + (b/S) Vy
desired Az a desired Az - Az / tau gama (D)

If there is no change in the (X,Y) speed, then b = 0 (D) gives an acceleration which is exactly
perpendicular to the (X,Y) velocity, i.e. a pure rotation. But the rate of rotation declines at the
angle left to traverse shrinks. Similarly, if there is no change in angle, then w = 0 and (D) gives
an acceleration which is exactly along the (X,Y) velocity, i.e. a pure speed-up, with the rate of
acceleration declining as the speed-gap shrinks.

It is worth noting that (C) and (D) are the key functions of a very nonlinear controller. For small
angle or speed changes, it is essentially linear, while for large changes it is highly nonlinear but
very well behaved.

It would be quite feasible to use (D) to determine the desired net acceleration in SLOW mode as
well as FAST mode, if smooth turns were desired.

This is a fundamental improvement over the controller which this author produced for the
ModSAF fixed wing aircraft dynamics. In the FWA controller, lateral motion (track and roll) were
controlled completely independently from longitudinal ones (speed and FPA). This would produce
noticable slowing in turns, loss of altitude, and so on. All these problems have now been fixed, as
the controller above looks at the desired speed and rotation in one unified operation, so it correctly
handles combined nonlinear maneuvers.
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The desired net acceleration is then used in a force-balance equatiok to determine the desired -R

and -J vectors. Thus, the rotor and helicopter forces must generate a net force which will cancel

out the constant gravitational and nonlinear drag forces, then in addition impose the desired overall

acceleration.

desired R + desired J - desired F - M desired A + Mg + D

How the three components of ^F are split up between 'R and -J is what determines the two FAST
modes.

In FAST-HORIZONTAL mode, the jet vector (and body orientation) is kept horizontal, with the
rotor vector rotating in a plane perpendicular to it as the RWA rolls one way or another. The
horizontal vector pointing along V is given by the following expression:

H - g cross (V cross g)

Then ^J is just that compone.t of -F parallel to H , while -R is the component which is perpen-
dicular. If ^J • H < 0, then the ideal motion would require reverse thrust, which is not possible,
and the desired thrust vector is reset to a zero-vector.

In FAST-ALIGNED mode, -J is just that component of -F parallel to V , while -R is the component
which is perpendicular.

In the prototype LISP code, there is a global variable specifying whether or not inverted flight is
allowed. For fast, tight terrain following, inversion is required (as how F15 flip when crossing ridge

lines), as it might also be for aerial combat between RWA's. If inversion is not allowed, then the Z
component of ^R is bounded from below by mg/10 , so that it always points at least somewhat up,
and the RWA never dives at more than -0.9 G's acceleration.

In both FAST modes, -R is then immediately limited to what the rotor can currently generate,
preserving the Z component if possible. Thus, it will make a slower turn if necessary to maintain

altitude, and will only pull as many G's in the turn as it is physically capable of generating. The
net effect in both modes is that the RWA will roll over to a specific bank angle, hold it steady
through the turn, then roll out at the end.

Notice that the only way to rapidly slow down is to tilt the rotor backwards. Hence, if one tries
to approach and stop at a point (hovering or landing) in either of the FAST modes, it will overshoot
and start orbiting the point. There should be a means of doing an automatic mode change to avoid
this problem, and to provide strong forward acceleration.
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1.5 Limits and Clamping

Limit magnitude of R-hat and J-hat

Retreating blade stalls limit the RWA's forward velocity. This dynamic effect is not modeled,
as the low-level controller would simply not request a velocity over that limit. This needs to be
put in as a user-limit on speed.

Rate-limited update of R-hat and J-hat

Helo-bound-force-vector

Rho limits on lift

User limits on speed, turn rates, FPA. The maximum sustainable FPA was computed, as it
is critical for FAST-ALIGNED mode (but not FAST-HORIZONTAL, which can do any FPA,
including vertical rise/fall).

1.6 Calibration and Stability

The Comanche is reportedly able to do "snap turns" (i.e. a few seconds for 90 degrees) at up to
180 knots, or 92.6 m/s. [The limitation is supposedly retreating blade stall, seeming to imply that
attempting to generate that much lift, with the low relative wind over the retreating blade, gets it
right to the edge of a blade stall.] If it completes 90 degrees in 5 seconds, that requires a few G's
of lateral acceleration and one to stay level, implying 3.1 G's total lift to complete the turn level,
with no loss of speed.

As an example, the delivered LISP code assumed a 19,000 Kg mass, 80,000 Newtons of jet
thrust, and 3.1 G's of rotor thrust. The drag coefficient is set at 16.49, so that the horizontal flight
in FAST mode is drag-limited to 50% more than the above corner speed. The linear and quadratic
components of drag are equal at 84.5 m/s.

Traditional linear control theory provides some guidance as to what will be stable combinations
of parameters. However, the presence of rate limits, magnitude limits, and unpredictable step
length all contribute to render a full nonlinear stability analysis quite difficult.

Some empirical testing and observation was done in addition to formal analysis.
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Through all phases of development, the position of the RWA was randomly perturbed by up to
10cm along each axis at each tick, in an attempt to excite some unstable resonance. No problem
was ever observed.

For testing purposes, a simple route-following procedure was used, in which the RWA aims at a
point ahead of itself, a certain lead-distance down the route. Thus, on very long routes, it will

rapidly pull onto the route, then follow it closely the rest of the way, rather than fly a very slowly

converging straight line path toward the final end point. A higher level controller was written which
sets the desired velocity -V to be the position error divided by rp = 2.5 seconds in SLOW mode and

by 5.0 seconds in FAST mode. This will not be discussed further, as it was purely for a wrapper
for testing.

With 'R = 0.2 , r = 1.0 , rp = 2.5 , and a maximum rotor lift of 3.1 G's, the SLOW and FAST
modes were observed to be stable over the entire range of conditions described below. In SLOW
mode, a formal analysis can be done to show that the eigenvalues are at (-3.8312, -. 5844± 0.4249j).
This corresponds to one mode with a time-constant of 0.261 seconds, and two decaying oscillatory
ones with a time constant of 1.71 seconds and a period of 14.8 seconds. Thus, they decay into
negligability before completing even a small fraction of a cycle. This was empirically confirmed by
the lack of overshoot in turning, stopping in mid-air to hover, and landing within a few centimeters
of a designated goal point.

If the max G's is limited to 2, then with the third-level control algorithm for testing, it starts

overshooting in the Z direction because it can not generate enough force to pull out of rapid dives.
Whether or not this occurs in the final ModSAF application depends on what algorithms are used

to determine V , but it is an issue to be aware of. Clearly, looking only a short distance ahead will
generally require larger forces, applied more rapidly, to acheive the desired result in the short time
available - and limited force violates that assumption.

Time steps were randomly varied between 0.5 and 1.5 times the mean time step, and the mean
time step was varied from 0.05 seconds to 0.75 seconds. This is broader than the requirements, as
the maximum update rate ModSAF supports is 1/16 second, and 0.5 seconds is overload.

The effect of very short time ticks is make the dynamics and control behave in a more nearly ideal
and continuous fashion. Short ticks do not cause sluggish response. In fact, longer ticks cause faster
response in the translational modes. For example, if the time step is exactly tau V and equation
(A) is used, then the velocity is matched exactly in one time step. As the ticks get shorter, a more
realistic exponential decay is observed. If the ticks are slightly longer than iV , then a rapidly
decaying oscillation is observed. When the ticks get out to 1.5rv , then oscillations are being halved
in magnitude at each time step. In this calibration, rv = 1.0 , so none of these conditions will occur
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until the system is well past its overload condition of 0.5 second time steps.
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2 Parameter.

Data file entry should read:

(SN..RWA~ull
(min..fpa (float) de greeon) ;;minimum dive angle
(vel-.response..time <float> seconds) ;;rate of response when not

rate limited
(fpa..response-.time (float> second@) ;;fpa response time in fast mods
(track-.response-time <float> seconds) ;;reupuse time in fast mode, when

not g limited
(thru t..response..time <float> seconds) ;;thrust response time in fast mods
(jet-.reuponse..time <float> seconds) ;;rate of change in jet thrust
(rotor-.response..time (float) seconds) ;;rate of change of rotor thrust
(rtr-.ctrl..resp..time <float) seconds) ;;time to change cntrl setting
(Jet-.ctrl-.resp..time (float> seconds) ;;time to change cntrl setting
(MasB <float) Kg) ;;vehicle mass
(max-.jet.thrust (float) Newtons) ;;max jet thrust (assuming vehicle

has a jet)
(inversion (int) True(l)/False(O)) ;;is inverison allowed?
(hasiet (int) True(l)/False(O)) ;;does this have a jet?
(max..rotate..rate <float> radians/sac) ;; maximum controlled rotating

rate,
(max-go <float) gravitys) ;; max Go the airframe can pull
(vel-cruise (float) metes/second) ;;cruise velocity
(vol-.max (float) metors/second) ;; ax foreward velocity
(vel-maxhack (float) meters/second) ;;max velocity backwards
(vel-max..up (float) meters/second) ;;max velocity up
(fuel-rate (float) gallons/second) ;; gal per sec at 100% power
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3 Examples

To get the component number of my hull:

extern int32 my.hull;

if ((y..hull = capnt.locate(vohicle.id, roader.get.smbol("hull"))) -=
CHPNTNIOT.FOUND)

printf ("Vehicle %d does not seen to have a hull\n", vehicle.id);

To then give a command to that hull:

if (my.hull != CPNT.NOTFOUND)
HULLS.SET.DIREcTO.SPEED(vhicle.id, hull, dirvec, speed. 0.0. 0.0);
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4 Functions

The following sections describe each function provided by librwa, including the format and
meaning of its arguments, and the meaning of its return values (if any).

4.1 rwa-init

void rva..init()

rwa-init initializes librwa. Call this before any other librwa function.

4.2 rwa-.clasjnit

void rwa-.clas-nit (parent..class)
CLASS..PTR parent-.class;

'parent.class'
Class of the parent (declared with claau..declaz...class)

rwa..class-.init creates a handle for attaching rwa class information to vehicles. The parent..clasu
will likely be satobj..clasu.

4.3 rwa-destroy

void rwa.daa(vehicle-.id, damaged)
int32 vehicle-id;
int32 damaged;

'vehicle-id'
Specifies the vehicle 11)

'damaged' This sets (TRUE) or iomw% i VLSE) damage for the rwa component.

rwa-damage This sets the ru~a q..mpejfv'nI*% current ability to function or not for the specified
vehicleijd.
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4.4 rwa.collision

void rwaollision(vehicle.id, position, coll.-type,
otheroid, other.uas, other.velocity)
int32 vehicleid;
float64 position[3];
uint32 Coll. type;
int32 other.id;
float64 other.ass;
float64 other.velocity [3];

'vehicle.id'
The vehicle who had the collision.

'position[3J'

The position of the colision;
'coll type'

The type of collision
'other.id'

The vehicle the collision was with (if any)
'otheruass'

The mass of that other vehicle (if another vehicle)

'other..vlocity [3]'
The velocity of the other vehicle (if another vehicle)

rva.collision Handles the RWA running into or being run into by something.

4.5 rwa-tick

void rwa.tick(vehicle.id, ctdb)
int32 vehicle-id;
CTDB *ctdb;

'vehicle.id'
Specifies the vehicle ID

'ctdb' Specifies the terrain database

rva.tick ticks the RWA dynamics.
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Chapter 1: Overview

1 Overview

LibSAFGUI provides an environment in which functionality can be added to the SAF Graphical

User Interface in a simple, modular fashion. It takes care of laying out all the major pieces (menubar,

message log, editor, map, etc.), and provides functions to add new controls.

The library also takes care of mode management. The interface uses six different modes:

SGUI.SELECT.NODE
Selection mode ("arrow" mode). Note that the software assumes only one such mode
will be created.

SGUL.OBJECT.MODE
Point, line, unit, etc. creation modes.

SGUI.TASXFRAMO0DE
Task frame creation mode.

SGUIASSIGN.MODE

Mission assignment mode

SGUI.TOOL.-MODE
Intervis, coordinate calculator, etc. modes.

SGUI._AP.IODE
Pan, zoom, etc. modes.

The system is always in one map mode, and activating a new map mode deactivates the previous

one-

Transitions between the other modes are handled using the following algorithm:
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user pressesl SELECT OBJECT TASKFRANE ASSIGN TOOL

Current€

mode ,

SELECT - PUSH PUSH PUSH PUSH

OBJECT POP DISALLOWED DISALLOWED DISALLOWED PUSH

TASIIFRAHE POP PUSH DISALLOWED DISALLOWED PUSH

ASSIGN POP PUSH PUSH DISALLOWED PUSH

TOOL POP POP/PUSH POP/PUSH POP/PUSH POP/PUSH

In this table, POP indicates that the current mode is popped, and PUSH indicates that the pressed-
on mode is pushed onto the top of the mode stack. DISALLOWED transitions are prevented by making

the corresponding mode buttons in those modes insensitive.

To help the user keep track of his mode stack, help messages are pushed along with their

corresponding modes. The user is shown the top three help messages.

A mode can also specify additional help messages which are shown when the mode is current.

The X resources are provided in the file safgui.xrdb which is installed in 'coon/data'. Any of

these resources can be overridden by making changes to the user's private . zrsourceu file on the

X server machine.
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2 Usage

The software library 'liboafgui . a' should be built and installed in the directory
'/coinraibI'. You will also need the header file 'iibsaigui.h' which should be installed in the
directory '/coumion/include/libinc/X If these files are not installed, you need to do a 'make' in
the libsalgui source directory. If these files are already built, you can skip the section on building
libsafgui.

2.1 Building Libsafgui

The libsafgui source files are found in t le directory '/coin/l ibarc/libsaf gui'. 'RCS'format
versions of the files can be found in '/nf a/common.src/iibsrc/iibsaf gui'.

If the directory 'comn/libarc/libeafgui' does not exist on your machine, you should use
the 'genbuild' command to update the common directory hierarchy.

To build and install the library, do the following:

# cd co =o nliibure/libsafgui
S co RCS/*,v
# make install

This should compile the library 'libsafgui.a' and install it and the header file 'libsaf gui.h'
in the standard directories. If any errors occur during compilation, you may need to adjust the
source code or 'Kakef le' for the platform on which you are compiling. libsafgui should compile
without errors on the following platforms:

" Mips

" SGI Indigo

" Sun Sparc

2.2 Linking with Libsafgui

Libsafgui can be linked into mi atppliation program with the following link time flags: 'id
[source o0 fles] -L/couamon/lib -lsafgui -iprivilege -lrn -l~t -X11'. If your compiler does
not support '-L' syntax, you can mi-.* h. ;a rt Ii a'i' xphlicitly: 'id [source .o files] /comion/lib/l ibsafgui-.a
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Libsafgui depends on libprivilege and Motif.

2.3 Examples

The test program 'test. c' in the libsafgui source directory creates an entire user interface.
These are a few selected examples:

To create a quit button:

Widget .;
extern SGUT.PTR my-gui;
extern void quit.o;

w U sgui. dL ..- "-ubar(my.gui, PRIV.SYSOP,
"File", "Quit", xmPushButtonWidgetClass);

XtAddCallback(w, XmNactivateCallback, quit);

To create the select mode:

SGUI._ODE.PTR mode;
extern SGUPTR my.gui;
extern void mode.callbackO;

/* Create the mode */
mode = sgui.addomodo(my..gui, SGUISELECT.ODE,

select-bits, select-wi~dth, select-heigsht,

mode.callback, "Select", "Select an item to edit",
"selecting an item to edit");

/* Make this the default mode */
sgui.set.mode (mode);

To push a message onto the message log:

extern SGUI.PTR mygui;

sgui.add.nessage(my.gui, "system", "This is a system message");
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3 Functions

The following sections describe each function provided by libsafgui, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 sgui.init

SGUIPTR sgui.init (parent. title.-tring)
Widget parent;
char *title.string;

'parent' Specifies parent widget (needn't be realized)

'title-string'
Specifies shell title (shown in window manager decorations)

egui-init initializes a SAFSTATION GUI top level frame. This includes a menu bar, map
area, mode buttons, etc. The returned handle is then passed to other libsafgau functions. The
parent widget needn't be realized (the top level frame creates its own shell).

3.2 sgui-set.-editor -toggle

void uguiset.editor.toggle(gui, toggle)
SGUI.PTR gui;
Widget toggle;

'gui' Specifies the graphical user interface

'toggle' Specifies the toggle button widget

gui-set.editor.toggle gives the GUI a toggle button widget (not a gadget) which is to be
kept in sync with the state of the editor (shown/hidden).

3.3 sgui-shell-widget

Widget sguL-shell-uidget (gui)
SGUI.PTR gui;
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'gui' Specifies the graphical user interface

8guLsholl.widget returns the application shell used by the GUI.

3.4 sgui..realize

void agui.realize(gui, big-cursor)
SGUI.PTR gui;
int32 big.cursor;

'gui' Specifies the graphical user interface

'big-cursor'
Specifies that an oversize cursor is desired

mgurealize realizes the top level frame. Call this after creating the menu bar, the modes,
etc. If the big..cursor flag is true, the library will register a very large (and easy-to-find) cursor
with X for use on the GUI.

3.5 sgui..m ap -widget

Widget uag ap.idget (gui)
SGUI.PTR gui;

'gui' Specifies the graphical user interface

aguimap.idget returns the map widget associated with the passed GUL This can be passed
to libsensitive, libtactmap, etc.

3.6 sgui-editor.widget

Widget sgui-oditor,.widget (gui)
SGUIPTR gui;

'gui' Specifies the graphical user interface
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ugui..editor...idget returns the editor widget associated with the passed GUI. This can be
passed to libeditor.

3.7 sgui..map..scrollbars

void agui..uap..ecrollbaru(gui. horizontal, vertical)
SGUI..PTR gui;
Widget *horizontal;
Widget *vertical;

'gui' Specifies the graphical user interface

'horizontal'
Returns the horizontal map scroll bar

'vertical'
Returns the vertical map scroll bar

aguaiap..eczollbars returns the scroll bars attached to the map. These default to being
unmanaged, and so must be managed by the application if they are to be used. It is up to another
library (such as libPVD) to define callbacks for these scroll bars.

3.8 sgui-add-.menubar

Widget agui-add-..enubar(gui, privilege, menu-name,
button.name , widget-.class)

SGUI.PTR gui;
PR! V.LEVEL privilege;
char *uenu-.name;
char *button..nue;
WidgetClass widget-class;

'gui'9 Specifies the graphical user interface
'privilege'

Specifies the privilege level of the button
'uenu-name'

Specifies the menu name (the button name in the menu bar)
'button.nane'

Specifies the name of the button in the pulldown menu
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'widget-.class'

Specifies the class of the created widget (xmPushButton WidgetClass, etc.)

sgui-.add...uenubar adds a button to the menu bar structure. The menu-.name identifies the label
on the menu bar, and the button-.name specifies the label within tile puildown. A widget of the
passed class is created and returned so that activation callbacks, or other arguments can be set by
the caller.

3.9 sgui-manage..menu bar

void agui..manage..menubar(gui. menu-.name, shown)
SGUI..PTR gui;
char *Menu..name;
int32 shown;

'gui' Specifies the graphical user interface
Gmenu-.naiel

Specifies the menu name (the button name in the menu bar)

'shown' Specifies whether the cascade for the menu should be managed

sgui..uanage..snubar changes the management of a cascade button on the menu bar. If
shown-TRUE, the cdscade will be managed; if shownw-FALSE, the cascade will be unmanaged.

3.10 egui-add-mode

SGUI.KODL-PTR sgui..add..mod(gui. class,

callback. callback-.arg,
help-sutring, description)

SGUI.PTR gui;
SGUI-IODE.CLASS class;
char *bitmap-data;
int32 bitnap..width;
int32 bitmap. Might;
SGUI-IODE-.CALLBACX callback;
ADDRESS callback.arg;
char ehielp..string;
char ediescription;
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'gui' Specifies the graphical user interface

'class' Specifies the class of the mode

'bitnap.data'
'biap.vidth'
'bituap.height'

Specify the bitmap which is placed on the mode button
'callback'

'callback-arg'

Specify the function to call when the mode is entered, exited, suspended or resumed

'help.string'

Specifies the default help string

'description'
Specifies a description of the what the user is doing in that mode

agui.add-nodo adds a mode button to the left side of the screen. The semantics of the mode
are dependent upon its class. The callback is invoked when the mode is entered, exited, suspended,
or resumed. The description should be something like "editing a point" or "doing area visibility
calculations".

The mode classes are as follows:

SGUI.SELECT.ODE
Selection mode ("arrow" mode). Note that the software assumes only one such mode
will be created.

SGUI.OBJE IT.RODE
Point, line, unit, etc. creation modes.

SGUI.TASKFRANE-NODE

Task frame creation mode.

SGUI.ASSIGN-MODE

Mission assignment mode.

SGUI.TOOL.NODE

Intervis, coordinate calculator, etc. modes.

SGUIMAP.ODE

Pan, zoom, etc. modes.

The callback should be declared as follows:

void callback(gui, mode, callbackarg, state)
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SGUI.PTR gui;
SGM-.NODL PTR mode;
ADDRESS callback-arg;
SGC.NODLSTATE state;

The gui and callback.arg are those passed to sgui-add.mode, and the mode is the one returned
by that function. The state is one of the following:

SGUI.ACTIVE
The mode is "current".

SGUI.SUSPUNDED
Another mode has been pushed on top of this mode.

SGUI.RESUMED
The mode has been reactivated after being SGUI.SUSPEIDED.

SGUIINACTIVE
The mode has been exited.

3.11 sguiset-mode

void sgui .s .tmode (mode)
SGUI.IODLPTR mode;

'mode' Specifies the mode (implies a GUI)

sguisetumode sets the passed mode (created with sgui.add-node) to active. This should be
used at initialization to set the default modes of the system. Once the system is running, this can
be called to simulate user behavior; however, since some modes are not. always available, this may
not always succeed at run time.

3.12 sgui-leave..mode

void sgui.-lave.mode(gui)
SGUL-PTR gui;

'gui' Specifies the graphical user interface
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guileavomode exits the current mode. This should be called by editor Done and Abort
buttons. It is equivialent to calling ugui..et-mode with a mode of the SELECT clus.

3.13 sgui-mode -control

void agui-mode.control (mode. disable)
SGUI.IODEPTR mode;
uint32 disable;

'node' Specifies the mode
'disable' -9pecifihs whether that mode should be disabled (regardless of the current mode or its

semantics)

sgui.mode.control sets control flags for the passed mode. Currently this is just a disable
flag, which causes the mode to be insensitive when set.

3.14 sgui-push.help

void sgui..push.holp(mode , help-string)
SGUI.NODLPTR node;
char *help.string;

'mode' Specifies the current mode

'help.-tring'
Specifies the string to push

sgui-push.help pushes an additional help message for the passed mode.

3.15 sgui.pop-help

void sgui.pop.help(modo, pop-all)
SGUI.NODE.PTR mode;
int32 pop.ll;

'mode' Specifies the current mode
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'pop.all' Specifies whether to pop all, or just topmost

aguipop.help pops the additional mode help message (if any) for the passed mode. If pop-all

is TRUE, all pushed messages will be popped; otherwise, only the topmost will be.

3.16 egui-set.urgent-help

void gaui.so.turen.help(mode, help.tring)
SGUI.NODLPTR mode;
char *helpustring;

'mode' Specifies the current mode

'help.-string'

Specifies the string to show or NULL

sguise.tturgent.holp pushes an additional help message for the passed mode. The message
is displayed above other help messages in a distracting manner. Pass NULL to remove the urgent

message.

3.17 sgui-messagelog

void sgui.meuagolog(gui shown)
SU.PTR gui;
int32 shown;

'gu ' Specifies the graphical user interface

'shown' Specifies whether to show the message log

gui.mossage.log changes the status of the message log (shown=TRUE, hidden=FALSE).

3.18 sgui.editor

void sgui..ditor(gui, shown)
SGL.-PTR gui;
int32 shown;
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'gui' Specifies the graphical user interface
'shown' Specifies whether to show the editor

sgui.editor changes the status of the editor (shown=TRUF, hidden=FALSE).

3.19 sgui-addamessage

void agui.add.sssage(gui. kind. message)
SGUIo.PTR gui;
char *kind;
char *mssage;

'gu ' Specifies the graphical user interface

'kind' Specifies the kind of message
'message' Specifies the message to log

agui-add.msage adds a message to the message log. The kind is used to name the output
widget, so that resources (fonts, colors, etc.) can be used to customize output styles; it must be
statically declared (such as a quoted string constant, or a libreader symbol).

3.20 sgui-clear-m essage Jog

void agui.cloar anessage.log(gui)
SGUI.PTR gui;

'gui' Specifies the graphical user interface

sguiLcloar.sage.log empties the message log.

3.21 sgui-error

void agui-error(gui, format. args...)
SGUI.PTR gui;
char format[ ;
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'i"' Specifies the graphical user interface

'format' Specifies the format of the error (like fprintf)

'arts' Speicifies arguments to format

sguilerror reports an error on the GUI, in a manner similar to fprintf. The error is reported in
three places simultaneously: stderr, the message log (kind == "system"), and in a popup. This
should be only be called for errors which might be meaningful to a user.

3.22 sgui.safelfocus

void agui. afe.focus(gui)
SGUIPTR gui;

'gui' Specifies the graphical user interface

sgui.safe.focus moves Motif's input focus to a "safe" place (the button for select mode). This
can be used when an editor is exited to guarantee that focus does not remain with the inactive
editor.



ADST-TR-W003268

Libsafobj



Table of Contents

I Overview ...................................................... 1

2 Algorithms.................................................... 5
2.1 Local Safobj Creation ......................................... 5
2.2 Local Safobj Updating ......................................... 6
2.3 Remote Safobj Creation ....................................... 6
2.4 Remote Safobj Updating.......................................7

3 Global Variables ............................................. 9

3.1 safobjloca.Ladded -event ....................................... 9
3.2 safobjlocal-deletec-event.......................................9

4 Functions...................................................... 11

4.1 safobjjnit.................................................... 11
4.2 safobj..create..remote..........................................11
4.3 safobj..createlocal............................................12
4.4 safobj..createlocal.withid....................................12
4.5 safobj..destroy-local .......................................... 13
4.6 safobj..destroy..remote........................................13
4.7 safobj..create..preview ......................................... 14
4.8 safobj..mobility.ic ............................................ 14
4.9 safobj-flreic................................................. 15
4.10 safobj..catastrophic .......................................... 15



Chapter 1: Overview

1 Overview

Libsafobj provides the class superstructure in which all vehicle subclasses reside. There are two
kinds of SAF objects, locals and remote. The subclasses which make up locals, and the default
configurations of these subclasses for each type of vehicle are stored in a configuration file. Remotes
are always made up of a fixed set of subclasses (entity, pbtab, and others).

Examples of ModSAF local vehicles include: airplanes, tanks, and missiles. Since the simulation
requirements are less demanding for a missile, its class superstructure does aot need to be as
extensive as that needed for an airplane or tank.

Assume that the configuration file that defines the model parameters for a missile had the
following contents:

US.SPARRO.I-ODELPAAMETERS {
(STaskManager)
(SH-Entity (length-threshold 10.0)

(width.threshold 10.0)
(height-threshold 10.0)
(rotation.-threshold 3.0)
(turret-threshold 3.0)
(gun-threshold 3.0)
(vehicle*class vohicleClauSimple)
(guises munitionUS.Sparrow munition-US.Spa-row))

(SHCollision (check buildings platform)
(announce buildings)
(duration 5000)
(feature.-ass 10000.0)
(fidelity high))

(SHDetonation (check platform)
(announce buildings)
(detonation.radius 20.0)
(fidelity low))

•(SHComponents (hull SK.Hissileull))
(SMMissileHull (sensor.name apg-71)

(sensoronboard false)
(pursuit.mode lead-pursuit)
(range 22880.0)
(launch.speed 500.0)
(safe-.ime 1.0)
(loal.time 2.0)
(inaxburn.time 60.0)
(burn.max.turn 5.0)
(coast.max.turn 5.0)
(directionality 12.566370614359))
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}

The class superstructure to correspond to the object defined above is shown below.

Claus Superstructure When SAF Object (SAFobJ) is Local Missile Vehicle

---------------------
I SAFobJ I
IClass I
------------ 4

I I I I I I
--------- 4. I -------------. I I 4---------------4

Itaskuenager I I collision I I I I components I
Isubclass I I I subclass I I I I subclass I
-------- 4. 4 ------------- 4. I I --------------- 4

I I I
----------- 4. 4.--------------- 4------------4.

I entity I I detonation I I hulls I
Isubclass I I subclass I I subclass I
S---------4. 4---------------4 4------------4.

The sample configuration file indicates the modeling parameters and and subclasses (libraries)
necessary for handling the simulation requirements for a Sparrow missile. The libentity, libcollision,
libdetonation, and libtaskmgr libraries take care of making a simulated Sparrow missile a simulated
network entity that can strike (collide with) a target, detonate, and perform tasks. In addition, a
simulated Sparrow missile will have one simulated component (a hull).

The class superstructure for an airplane or tank includes many of the subclasses (such as task
manager, collision, components) required for a missile. However, many more subclasses are required
to meet the simulation requirements of an airplane or tank. Some of these additional simulation
requirements include the following actions:

" calculate how it is damaged when hit by direct fire;

" keep track of the current level of its fuel and ammunition;

" have it "appear in" the position-based table (pbtab);

• have it "appear in" the vehicle table (vtab);

" and spot other vehicles.

Adding a subclass requires making the following changes to this library:
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1. Modify safobj. init to initialize the subclass.

2. Modify safobj -create-local.with.-id to create the subclass at the appropriate point (after
those subclasses in lower layers, and before those in higher layers).

3. Modify safobj.destroy-local to also destroy the new subclass.

4. Modify uafobj-install-handlers (a private function) to install handlers for all new events
which the subclass needs (such as the receipt of a particular kind of packet).

5. Extend existing handlers or write new handlers for all events which the subclass needs, putting
the invocation of the event at an appropriate point relative to other subclass handlers.
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2 Algorithms

Libsafobj can create or update a SAF object (safobj). A safobj is considered local when it
originates from this computer and remote when it originates elsewhere on the LAN.

2.1 Local Safobj Creation

The function safobj .create-local is used when making a local safobj such as a plane or tank
vehicle. Input passed to this function serves as a configuration file key to find default values for all
subclasses. An input unit entry identifies the unit that caused the creation of this object, it may
be NULL. The steps performed by this function to create a local safobj are as follows:

1. Calls vtab.vehicle.numbr in libvtab to generate a vehicle table (vtab) id from the entity's
network id.

2. Makes the local safobj by creating a block of user data to hold the pointers to the subclass
information and then stores that pointer as the user-data of the libvtab vehicle.

3. Composes the safobj subclasses by calling a create function for all the subclasses that make up
a local vehicle (all subclasses that are listed in the object's configuration file). For example,
a call to pbt-.creat in libpbtab is made when the configuration file has a SM.PBTab entry.
This call will result in the creation of the position-based table (pbt) class information and the
attachment of that information to the vehicle's block of libclass user data. More information
about a safobj subclass can be found in the ModSAF library documentation and in the ModSAF
Programmmer's Guide (see section 'ModSAF Software Architecture' in ModSAF Programmer's
Guide).

4. Calls prev.crato in libpreview to create the preview class information and attach it to the
vehicle's block of libclass user data. Libpreview handles the ModSAF Previewer, an optional
part of the user interface which can provide a rudimentary 3D out-the-window view of terrain
and 3D dynamic models for network entities.

5. Calls pvd.create in libpvd to create the plan view display (pvd) class information and attach
it to the vehicle's block of libclass user data. Libpvd handles the ModSAF PVD, the tactical
map shown on the user interface. The PVD reflects the updated positions of network entities.

6. Posts the periodic invocation of local.tick with libsched to schedule subclass ticking accord-
ing to the tick-rate value.

7. Fires the event named safobj .localadded.event to say that there is one more locally created
vehicle now. Applications that have attached a handler to this event, will have their registered
callback functions invoked.

8. If this is a unit entry, then call pm..monitor.unit to monitor changes made to the unit.
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9. Returns the vehicle ID of the new vehicle (or 0, meaning creation failed).

2.2 Local Safobj Updating

When a safobj is ticked, the function localtick does the following:

1. Checks to make sure the input vehicle id is present in the vehicle table. Exits if that id is not

found in the vehicle table.

2. Performs vehicle tick processing in the following order: input PDU's, dynamics, output PDU's,

sensors, tasks, and user interface. PDU input processing is performed first since an input event
such as a collision or impact could disable a vehicle component. Dynamics processing, which
includes hull and turret movement and weapon firing, is performed by ticking the collection

of hull, turret, and gun components that a particular vehicle has available. Collision and

detonation detections are also part of dynamics processing. Once dynamics processing has

finished, enough processing has occurred to warrant PDU output processing which includes the
sending of vehicle appearance and designator packets. Sensor processing, which only occurs if

the vehicle is still alive, handles the visual and radar sensory input processing. Task processing

follows since tasks often require a list of detected vehicles generated from the sensor processing.
The last step of a vehicle tick is the updating of the ModSAF user interface.

2.3 Remote Safobj Creation

A remote safobj can be created or updated when a vehicle appearance, designate, or stealth
packet is received. When a remote entity is first received, an entry is made in the vehicle table with

the appropriate type since the the per-vehicle subclass information and the processing requirements
for a safobj differ according to its type.

The function safobj.create.,rowuo,, used when making a remotely created safobj, does the
following:

1. Makes the remote safobj by creating a block of user data to hold the pointers to the subclass

information and then stores that pointer as the userdata of the libvtab vehicle.

2. Composes the safobj subclasses by calling a create function for all the subclasses that make

up the remote. The subclasses needed by a remote differ according to its type. When
the type is a VTAB.REMOTE.VEHICLE, VTAB_.RE T.MISSILE, VTAB.RENOTE.STRUCTURE, or
VTAB.REKOTEDESIGIATOR, pbt.create in lUbpbtab is called. When the type is a
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VTAB.UTREM .DESIGIATOR, dg-.create in libdesignate is called. When the type is
VTAB_.REOTLSTEALTH, stealth-create in libstealth is called. When the type is a
VTAB.ltEKOTLVEIHICLE, VTAB.RENOTEHISSILE, or VTAB.RENOTESTRUCTURE, ent.create in
libentity is called. These functions build the subclass information and attach it to the vehicle's
block of libclass user data.

3. Calls prev.create in libpreview to create the preview class information and attach it to the

vehicle's block of libclass user data. Libpreview handles the ModSAF preview, an optional

part of the user interface which provides a rudimentary 3D out-the-window view of terrain and

3D dynamic models for network entities.

4. Calls pvd.create in libpvd to create the plan view display (pvd) information and attach it to

the vehicle's block of libclass user data. Libpvd handles the ModSAF PVD, the tactical map
shown on the user interface. The PVD reflects the updated positions of network entities.

5. Posts the periodic invocation of remot.-tick with libsched to schedule subclass ticking ac-
cording to the remoatetick.rate value.

2.4 Remote Safobj Updating

When a remote safobj is ticked, the function reote..tick does the following:

1. Exits if the input vehicle id is not present in the vehicle table (vtab).

2. Invokes entity tick processing via a call to enttick in libentity. Exits if enttick times out
the remote causing the vehicle to no longer be present in the vehicle table.

3. Invokes the designator tick processing via a call to dsg.tick in libdesignator. Exits if dg.-tick
times out the remote causing the vehicle to no longer be present in the vehicle table.

4. Invokes the stealth tick processing via a call to stealth-tick. Exits if sealthtick times
out the remote causing the vehicle to no longer be present in the vehicle table.

5. Updates the user interface by a call to pvdtick in libpvd.
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3 Global Variables

The sections below describe the global variables by including a synopsis and a description.

3.1 safobjlocal-added -event

extern CALLBACKEVN.PTR safobJ.local-addedoevent;

safobj.locaLaddedevent is a libcallback event which can be accessed after libsafobj is ini-
tialized. Applications may attach a safobj.localadded.event.handler to this event via (see
section 'callback.register.handler' in LibCallback Programmer's Manual).

void safobj.local-added.event-hander(vehicle.id, user.data)
int32 vehicle_ id;
ADDRESS user-data;

safobj..local.add*d.event.handler is cad led when a new local entity is simulated.
vehicle.id will contain the id of the new vehicle being simulated.

3.2 safobjiocal..deleted -event

extern CALLBAC.LEVNWT.PTR safobj.locai._deleted.eent;

safobj.local.deletd.event is a libcallback event which can be accessed after libsafobj is
initialized. Applications may attach a safobj.local-deletedevent.handler to this event via
(see section 'callback.register.handler' in LibCallback Programmer's Manual).

void safobJ.local-deleted-event.handler(vehicl,-id, user-data)
int32 vehicle.id;
ADDRESS user.data;

safobj-local.deletedevent.handler is called when a local entity is about to be destroyed.
vehicle-id will contain the id of the vehicle which is about to be destroyed.
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4 Functions

The following sections describe each function provided by libsafobj, including the format and
meaning of its arguments, and the meaning of its return values (if any).

4.1 safobjjinit

void afobj.init(ctdb, db, quad-data, ect.valve)
CTDB *ctdb;
PO.DATABASE *db;
QUAD.DATA equadodata;
PVoVALVL.PTR ent.valve;

'ctdb' Specifies the terrain used in this exercise

'db' Specifies the persistent object database used in this exercise

'*nt..valve'
Specifies the packet valve used in this exercise for creating local vehicles

safobj-init initializes libeafobj. Call this before any other libsafobj function. Note that this
function will call the .clasusnit routines for all vehicle subclasses. Hence, you should call their
primary init routines before uafobjinit.

4.2 safobj-create-remote

void safobj.create.reuote(vehicle.id, sinnetid, vtab.-typ, tick.rate)
int32 vehicle..id;
VehiclelD *sisnl.tid;
uint16 vtab.-typ;
int32 tick.rate;

'vehicle.id'

Specifies the libvtab ID assigned to the vehicle.
'siunet._id'

Specifies the vehicle's network VehiclelD.

'vtab.typ.'
Specifies the vtab type of the vehicle.
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'tick.rate'
Specifies the rate at which the vehicle should tick.

sagobJ.create.reuote creates a remote vehicle with the passed parameter values. Automati-

cally creates pbtab and entity subclasses, and posts ent.tick function on scheduler.

See section 'remote.init' in LibRemote Programmer's Guide.

4.3 safobj..create Jocal

int32 safobj.creae.local(name-syubol, vtab-type, tick.rate, unit.entry)
char *nam.-symbol;
uint16 vtab.-typ;
int32 tick.rate;
PO_DB.SETRY *unit-entry;

'name-symbol'

Specifies the symbolic name of the type of vehicle to create.

'vtab.type'
Specifies the vtab type of the vehicle.

'tick.rate'
Specifies the rate at which the vehicle should tick.

'lntra ..entry'

Itendilles the unit which caused the creation of this object. It may be null.

safobj.create.local creates a local vehicle. The nae.symbol is used as the configuration
file key to find default values for all subclasses. The vehicle ID of the new vehicle is returned (or
0, meaning creation failed).

4.4 safobj ..create-local-with-id

int,32 safobJ.create-local.with.id(naa.eymbol, vtab-type, tick.rate,
siunet-.id, unit-entry)

char *name-.symbol;
uint16 vtab.type;
int32 tick.rato;
VehiclelD *simnet-.id;
PO.DBENTRY *unit-.entry;
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'na3..ouyubol'

Specifies the symbolic name of the type of vehicle to create.
'vt~ab..typ.'

Specifies the vtab type of the vehicle.

'tick.rate'
Specifies the rate at which the vehicle should tick.

'aimne.tid'

Specifies the network id to be used for this vehicle. This is useful when creating a
vehicle that used to be simulated by a remote simulator (this process is referred to as
migration), or to create a vehicle on behalf of another simulator.

'umit.entry'
Itendifies the unit which caused the creation of this object. It may be null.

safobj.creat.local.vith.id creates a local vehicle. The nam.syubol is used as the con-
figuration file key to find default values for all subclasses. The vehicle ID of the new vehicle is
returned (or 0, meaning creation failed).

4.5 safobjjdextroyJocal

void safobj-destroy-local (vehicle.id, is-migration)
int32 vehicleuid;
int32 in.migration;

'vehicle.id'

Specifies the vehicle to destroy.

'is_•igration'
Specifies whether the vehicle is really being destroyed (FALSE), or just migrating to
another host (TRUE).

uafobj-dutroy.local destroys a local vehicle and frees all the memory associated with that
vehicle (including all subclasses).

4.6 safobj..destroy-reim ote

void safobj-destroy-.remote( vehicle.id)
int32 vehicle.id;
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'vehicle.id'

Specifies the vehicle to destroy.

safobj.destroy.remote destroys a remote vehicle and frees all the memory associated with

that vehicle (including all subclasses). Remotes are usually automatically destroyed when timed

out by libpktvalve. Some applications may use this function during vehicle migration to destroy

the remote version of an entity before simulating it as a local vehicle.

4.7 safob j .. create -preview

.. -iii2 esaobj.create.previow(proviever, preview.number. tick-rate)
PREV.PTr previewer;
int32 preview.nuber;
uint32 tickrate;

'previewer'

Specifies the previewer to insert into the vehicle table

'preview-number'

Specifies the number of the previewer (in case there are more than one previews).

'tick-rate'
Specifies the rate at which the previewer should tick.

uafobj.create..preview creates an entry in the vehicle table for a LOCALSTEALTH view. This
allows the GUI to show the position of each preview on the map.

4.8 safobjamobility.kill

void safobj .obility.kill (vehicle.id)
int32 vehicle.id;

'vehicle.id'

Specifies the local vehicle to mobility kill.

safobj .obility.kill performs the processing neccesary to mobility kill a local vehicle.
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4.9 safobj-flre-kill

void safobj.firetkill (vehicle.id)
int32 vehicle-id;

'vehicle.id'

Specifies the local vehicle to firepower kill.

safobj. ire.kill performs the processing neccesary to firepower kill a local vehicle.

4.10 safobj.catastroph ic.kill

,void ,afobj.catasntrophic.kill (vehicleid)
int32 vehicle.id;

'vehicle.id'

Specifies the local vehicle to catastrophic kill.

safobj.cat atrophic.kill performs the processing neccesary to catastrophic kill a local ve-
hicle.
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1 Overview

TEMPLATE: Describe what this library does here.

1.1 Examples

TEMPLATE: Give examples here.
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2 Functions

The following sections describe each function provided by libsafsam, including the format and

meaning of its arguments, and the meaning of its return values (if any).

TEMPLATE: Adjust alignment of descriptions

TEMPLATE: Correct argument lists and descriptions of these functions.

2.1 safsamjnit

void safsaa.init(po.db, tcc)
PO.DATABASE *po-db;
COORD.TCC.PTR tcc;

'po..db' Specifies the PO database

'tcc' Specifies the TCC

safsaz-init initializes libsafsam. Call this before any other libsafsam function.

2.2 safsaminit

void safsaz.global.tick()

saisaamglobaltick ticks all the samuel methodology vehicles.

2.3 safsam..class-init

void safsam-class-init(parent-class)
CLASSPTR parent.class;

'parent.class'

Class of the parent (declared with class.declare.-class)
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satsa.la.init creates a handle for attaching salsam class information to vehicles. The
parent.clas will likely be safobj.class.

2.4 safsam -create

void safsan.reate(vehicle-id, patmns, unit-entry)
int vehicle.id;
SAFSAMPARAHETRIC.DATA *parae;
PO.DB.EITY *unit.entry;

'vehicle-id'

Specifies the vehicle ID
'para.' Specifies initial parameter values

'unit.entry'
Specifies the unit being created

saf sancreate creates the safsam class information for a vehicle and attaches it vehicle's block
of libclass user data.

2.5 safsam-destroy

void safnam.desroy(vehicle.id)
int vehicle-id;

'vehicle-id'

Specifies the vehicle ID

safsaudoutroy frees the safsam class information for a vehicle. This should be called before
freeing the class user data with classfree.user-data.
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TEMPLATE: Describe what this library does here.



2 Libeafsoar Programmer's Guide



Chapter 2: Examples 3

2 Examples

TEMPLATE: Give examples here.
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3 Functions

The following sections describe each function provided by libsafsoar, including the format and
meaning of its arguments,. and the meaning of its return values (if any).

TEMPLATE: Adjust alignment of descriptions

TEMPLATE: Correct argument lists and descriptions of these functions.

3.1 safsoar.init

void uatuoar-.init (db)
PO..DATABASE *db;

'db' Specifies P0 database

safsoar..init initializes libsafsoar. Call this before any other libsafsoar function.

3.2 safso ar..-class-in it

void uafboar..clauu..init(parent-.class)
CLASS&PTR parent-.class;

Lparent-clasu'

Class of the parent (declared with clauu..declare-.clasu)

oaf uoar-classunit creates a handle for attaching safsoar class information to vehicles. The
parent.claBs will likely be uafobj..clasu.

3.3 safsoar-create

void uafuoar-.create(vehicle-.id, par acto, unit-e.ntry)
int vehicle-.id;
SAFSOAR.PARAMETRIC-.DATA *param;
PO-.DB..ENTRY *unit..entry;
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'vehicle.id'

Specifies the vehicle ID
'par...' Specifies initial parameter values
'unit-.entry'

Specifies unit entry

oafesoar.create creates the safsoar class information for a vehicle and attaches it vehicle's block
of libclass user data.

3.4 safsoar-destroy

void uafsoar.detroy(vehicle. id)
int vehicleid;

'vehicleoid'

Specifies the vehicle ID

safeoar.destroy frees the safsoar class information for a vehicle. This should be called before
freeing the class user data with clanu..fre..user.data.



ADST-TR-W003268

LibSched



Table of Contents

1 O v e rv ie w ................................................................... 1

2 E xam p les .............................................................. .3

3 F u n ctions ...... j ....................................................... 5

3.1 sched.init .............................................................. 5
3.2 sched-invokeJunctions-untl ........................................... 5
3.3 sched-invoke-functionsonce ........................................... 5
3.4 sched-invoke-reaItime-functions.once .................................. 6
3.5 sched.invoke.simtime-functions-once .................................. 6
3.6 sched..deferred fn ..................................................... 6
3.7 sched.im tim e fncl ...................................................... 7
3.8 sched-periodic ncl ..................................................... 8
3.9 sched-cancelfncl ....................................................... 9
3.10 sched.cancelfncl.group ............................................... 9
3.11 schecidchange.Incl.period .......................................... 9
3.12 sched.perf-monitor-on ............................................... 10
3.13 sched.perf.monitoroff ................................................ 10
3.14 sched-set.-critical-performance ...................................... 10



Chapter 1: Overview 1

1 Overview

Libsched is a non-preemptive, ring based scheduler which calls functions either periodically, or
once after a specified delay. The application program defines the number of rings, and the period
of each. Libsched will then invoke all scheduled functions in sequence, invoking a given function at
a rate no faster than that specified for its ring.

Rings are not prioritized. Hence, as the system load increases, functions in faster rings may be
called with the same frequency as functions in slower rings.

The scheduler is self monitoring, so that if system performance drops below an acceptable
minimum, the application will be notified.

Although the ModSAF system uses the scheduler to run the entire system, it can be used in a
slave mode as well. For example, a tank simulator could perform all synchronous tick processing,
then start the scheduler with a deadline of just prior to the next frame. The scheduler will invoke
periodic and deferred functions until that time is passed, at which point control returns to the
simulator main loop.

There are also calls to have the scheduler invoke all functions that are pending and then return.

The scheduler bases its timing on libtime's time-realtiue.clock. Periodic and deferred func-
tion calls are relative to this real time clock. Libsched also provides a facility to specify that a
function be called at a specific time on the simulation clock (see Section 3.7 [sched'simtime'fncl],
page 7).
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2 Examples

The extensive test program 'test. c' in the libsched source directory shows example usage of all
libsched functions. Here are some highlights:

To call a function thingy-tick (5. 3.4, "f oo ' ) once every 67 milliseconds:

tick a sched-periodic.fncl(thingy-tick, SCHED..ASAP , 67, 0,
A.INT, 5,
A.DOUBLE, 3.4,
A.PTR, "foo",
A.END);

To call a function stop.doing.that() after a 5132 millisecond delay:

stop = sched.deferred.fncl(sop.doing.that, 5132, 0, AEND);

To cancel the call to stop.doing.that() before it occurs:

uched-cancelfncl(stop);

To call a function do.that.now() in 2000 simulated milliseconds:

sched.s.itiae.fncl(do.thatnow, time-last-simulation.clock,2000, 0,
L-END);
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3 Functions

The following sections describe each function provided by libsched, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 sched.init

void achedinit(nrings, period[O], ... , period[nrinp-1J)
in%32 nrings;
uint32 period[OJ. ... , period [nrinp-1);

'nrings' Specifies number of event rinp periods.
'period[OJ. ... , periodlCnrings-1]'

Specify durations of each period in increasing order (in milliseconds).

uched.init initializes the scheduler. It specifies how many periodic event rings will be used
and their periods. The private constant MAX.RINGS in 'libached-local.h' sets the upper limit (it
can be increased to be arbitrary large if need be). The current value of this constant is 8.

3.2 sched-invoke..functions -until

void sched-invoke.functions.until (deadline)
uint32 deadline;

'deadline'
Specifies when to stop invoking functions.

ached.invoke.functionsuuntil run the scheduler until the specified deadline. The time used
is that from tie..realtime.clock (see section 'time.realtime.clock' in LibTime Programmer's
Manual). A deadline of OzFFFFFFF will run indefinitely.

3.3 sched.invoke-functions-once

void ached.invoke-functions-once ()
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schod.invoke-funct ions.onco forces the scheduler to invoke all pending functions then return.
That is, all functions that have been scheduled to be invoked at or before the time sched.invoke.functions.or
is called will be invoked. The time used is that from time-realtine.clock or tiam.eiaulation.tim.
No calls are made to time.-advance.simu.lation .clock so simulated time is not advanced. (see
section 'time-realtime.clock' in LibTime Programmer's Manual).

3.4 sch ed ;n voke-..realtim e -functions .. once

void sched_ invoke.realtime..functions.once C)

uchod-invoke-realtiue.functions-once forces the scheduler to invoke all pending realtime
functions then return. That is, all functions that have been scheduled to be invoked at or before the
realtime uchedinvoke.realtime-functions-once is called will be invoked. The time used is that
from tin..realtime.clock. No calls are made to tiue..advance.siaulation.clock so simulated
time is not advanced. (see section 'time-realtime.clock' in LibTime Programmer's Manual).

3.5 sch ed -invoke .,sim tim e..fu nctions.once

void sched..invoke.-sitime.functions-once ()

sched.invoke-eiatis.functions-once forces the scheduler to invoke all pending simulation
time functions then return. That is, all functions that have been scheduled to be invoked at or before
the simulation time sched-invoke.siatim..functions-once is called will be invoked. The time
used is that from tim-simula.-on-time. No calls are made to time-advancesimulation.clock
so simulated time is not advanced. (see section 'time-realtime-clock' in LibTime Programmer's
Manual).

3.6 sched .deferred _/ncl

SCRED.FICLPTR ached-deferred.fncl(func, delay.wecu, group,
argtype, arK,
argtyp. o arg,

A-.END)
void (*func)();
uint32 delay.asecs;



Chapter 3: Functions 7

int32 group;
int32 argtyp.;
argtyp. erg;

'iunc' Specifies the function to call.

'delay-.mocs'
Specifies the real time (in milliseconds) delay before calling this function.

'group' Specifies a group.
'argtype' Specifies the type of each argument. Chosen from the set: AINT, A-DOUBLE,

A..TR, A$HORT, A-CHAR, AFLOAT (defined in
common/include/global/stdext.h).

'arg' Argument to the function.

sched-deferred.fncl calls the specified function after the specified delay (as measured against
libtime's realtime clock). The group (typically a vehicle ID) can be used later to remove the
function (see Section 3.10 [sched'cance'fncl'group], page 9).

A zero-duration delay is defined:

*define SCHEDASAP 0

which can be used to invoke a function as soon as the current thread completes its execution.

Up to four arguments are permitted.

See Section 3.7 [sched'simtime'fncl], page 7.

3.7 schedsimtimefncl

SCHED.FICL.PTR ech.-iim.fncl (func. simulationclock, group,
argtyp . arg.
argtype, arg,

A.END)
void (*func) ();
uint32 simulation.clock;
int32 group;
int32 argtyp;
argtype arg;
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'unc' Specifies the function to call.
'simulationclock'

Specifies the simulation time when this function sh-,uld be called (note this is not in

real-time).

'group' Specifies a group.
'argtyp.' Specifies the type of each argument. Chosen from the set- A.INT, A.DOUBLE,

A.PTR, A-SHORT, A-CHAR, A-FLOAT (defined in
common/include/global/stdext.h).

'arg' Argument to the function.

ach.dsintim.fncl calls the specified function at the specified simulation clock time (not a
realtime clock value). The group (typically a vehicle ID) can be used later to remove the function

(see Section 3.10 [sched'cancel'fncl'group], page 9).

See Section 3.6 [sched'deferred'fncl], page 6.

3.8 sched..periodicifncl

SCHED.FNCLPTR ached.periodic.fncl(func, initial.delay, period, group,
arg'type., arg.
argtype. arg,

A-END)
void (*fune));
uint32 initial-delay;
uint32 period;
int32 group;
int32 argtype;
ar type arg;

'runc' Specifies the function to call periodically.

'initial-delay'
Specifies the real time delay before calling this function the first time (in milliseconds).

'group' Specifies a group.

'argtype' Specifies the type of each argument. Chosen from the set: A./NT, A.DOUBLE,

AYPTR, A-SHORT, A-CHAR, A-FLOAT (defined in
common/include/global/stdext.h).

'arg' Argument to the function.
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schod.ipriodic-fncl calls the specified function after the specified initialdelay, and every
period milliseconds thereafter (as measured against libtime's realtime clock). The group (typically
a vehicle ID) can be used later to remove the function (see Section 3.10 [sched'cancel'fncl'group],
page 9).

Up to four arguments are permitted.

3.9 sched-cancelfncl

void sched.cancel.fncl (fnl)
SCHEDFNCLPTR fncl;

'facl' Specifies deferred or periodic function to cancel.

sched.cancel.fncl cancels the specified function (created with either sched.periodicfncl
or sched.deferred.fncl).

3.10 schedcanceltn cl-group

void uched-cancel-fncl-group (group)
int32 group;

'group' Specifies the group.

sched.cancel.fncl.group cancel all functions which were created with the specified group
value. This is typically used to cancel all the functions associated with a particular vehicle.

3.11 sched-changelfnc|_.period

void sched.change-.fncl, period(fncl, new-period.msecs)
SCHEDFNCL.PTR fncl;
int32 new.period.asecs;

'fncl' Specifies the periodic f,,,tin t) change.
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'now.period'

Specifies the new period.

schod..change.ncl-.period change the period of the passed function (created with
sched-periodic.fncl) to the new period specified.

3.12 schedperf.monitor.on

void ched.perf.-onitor.on(period)

uint32 period;

'period' Specifies interval between reports (in milliseconds).

achedperf-monitor.on enables performance monitoring, and report results every period mil-
liseconds.

3.13 sched_p erf-monitor -off

void ached.perf.onitor.off()

uchedoperf-maonitor.off disable performance monitoring.

3.14 sched-setcritical-performance

void sched-sot.critical-performance(period, ratio,
under-threshold, forhow.long,
stress.function, relief-function)

uint32 period;
float64 ratio;
uint.32 under-threshold;
uint32 for-hog.long;
void (streuu..function) ();
void (*relief-function)();

'period, ratio, under.threshold, for-hov.long'

Specify acceptable performance characteristics.
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'stress-function'

Specifies function to call when performance becomes unacceptable.
'relief.fuction'

Specifies function to call when performance becomes acceptable.

ached.-s.tcritical.-porozamnco sets the required performa-ce characteristics. If ratio
loops through the period ring fail to sustain a period of under-threshold for a duration of
for.howvlong, the stress. function will be called. If the system recovers, the relief .function
will be called.
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1 Overview

LibSelect provides a generic facility for making objects on the map selectable for editing. It also

provides a menu for system level editors which don't belong as mode buttons on the interface.

Objects on the map are classified using tibSensitive SNSTVECLASS structures. When the

selection tool is started (or restarted), it simply runs through all the classes which have been

registered, and makes them sensitive to mouse input. At this time, it also installs a gesture handler

for each, which will be called if the user clicks on the object.

Selection is a SAF GUI mode, and as such, it is suspended if the GUI enters another mode
(see section 'sgui-add-mode' in LibSAFGCI Programmer's Manual). When this happens, libSelect
removes the gesture callbacks and sensitivity of all the classes which it is managing. The callbacks
and sensitivity are restored when the selection tool is resumed.

LibSelect also monitors the system privilege level (see section 'Overview' in LibPrivilege Pro-
grammer's Manual), and allows selectable classes to act like privileged buttons.

Finally, libSelect provides support for seemingly modeless editors which run in the context of
the selection mode. This is useful for editors which thr user may desire to leave up whenever no

other editor is active.
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2 Usage

The software library 'libuelect. a' should be built and installed in the directory
'/couon/lib/'. You will also need the header file 'libselect .h' which should be installed in the
directory '/coon/inlude/libinc/'. If these files are not installed, you need to do a 'make' in
the libselect source directory. If these files are already built, you can skip the section on building
libselect.

2.1 Building Libuelect

The libselect source files are found in the directory '/comon/libsrc/libselect'. 'RCS' format
versions of the files can be found in '/lnu/couon.src/libarc/libselect'.

If the directory 'comon/libarc/libselect' does not exist on your machine, you should use
the 'genbuild' command to update the common directory hierarchy.

To build and install the library, do the following:

# cd common/libsrc/libuslect
* Co RCS/*,v
* make install

This should compile the library 'libselect.a' and install it and the header file 'libselect.h'
in the standard directories. If any errors occur during compilation, you may need to adjust the
source code or 'Kakef le' for the platform on which you arecompiling. libselect should compile
without errors on the following platforms:

" Mips

" SGI Indigo

* Sun Sparc

2.2 Linking with Libselect

Libselect can be linked into an application program with the following link time flags: 'id
[source .o files] -L/common/lib -iselect [other libraries]'. If your compiler does not sup-
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port '-L' syntax, you can use the archive explicitly: 'ld [source .o files]
/comon/lib/libselect .a'.

Libselect depends directly on the following libraries: libsafgui, libtactmap, libsensitive, libeditor,
and libprivilege.

2.3 Examples

The following is from the libunits initialization routine. It demonstrates how to define a se-
lectable class:

/* Make the sensitive cle ,/
SISTVELIITTCLASS (edtr->nstve-claus);

/* Set the dragging threshold for selection ,/
edtr->snstve.class.drag-thresh - SO;

/* Add the selectable class. Require BATTLEIASTER privilege to
" select, allow dragging at select time, and install the function
" units.selected as the gesture handler.
*/

select-.addoselectable (select, &edtr->snstveoclass, PRIVBATTLEMASTER,
TRUE. units.-elected, edtr);
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3 Functions

The following sections describe each function provided by libselect, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 selectinit

void select-init ()

selctinit initializes libselect. Call this before any other libselect function.

3.2 select.create

SELECT.TOOL.PT select.creato(gui, tactap, map-orao-gc, sensitive)
SGUI.PTR gui;
TACTNAP.PTR tactuap;
GC map.erase.gc;
SISTVVIIDO..PTR sensitive;

'gui' Specifies the SAF GUI

'tactuap' Specifies the tactical map

'map..raso.gc'

Specifies the GC which erases things from the map
'sensitive'

Specifies the sensitive window

uelect.create creates a selection tool. This should be called before creating other editors and
tools for a GUI, so that the selection icon appears at the top of the list.

3.3 select-add .. editor

void select.add.editor(select, editor, load.oditor.fcn, load.oditor.arg)
SELECT.TOOL.PTR select;
EDT.EDITOR-PTR editor;
SEECT.LDAD.EDITOR load.editor-fcn;
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ADDRESS load.ditorarg;

'select' Specifies the selection tool

'editor' Specifies the editor

'load.-ditor-fcn, load.editor.arg'
Specifies a function to call to load tie editor with current values load.editor.fcn and
load..editor.arg can both be NULL.

select.add.editor adds an editor to the list of editors maintained by libselect. The library
will call the passed load.ditor-fcn (if non-NULL) after the editor is brought up to get initial
values. This function can initialize the editor using edt.load (see section 'edtioad' in LibEditor
Programmer's Manual).

The loading function should be prototyped as follows:

void load.editor(.ditor, user.arg)
EDT.EDITOR..PTR editor;
ADDRESS user.arg;

3.4 select editor-done

void select.editor.done(select, editor)
SELErTTOOLPTR select;
EDT.EDITOR-PTR editor;

'select' Specifies the select tool

'editor' Specifies the editor which has finished

select.editor.done informs libselect that one of its editors (passed to select-add-editor)
has finished. Call this from the editor's exit,.fcn (see section 'edtcreate' in LibEditor Program-
mer's Manual).

3.5 select-start -editor

void select.start.editor(select. editor)
SELECT.TOOLPTR select;
EDT.EDITOR.PTR editor;
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'select' Specifies the select tool
'editor' Specifies the editor to start

selisct..start..editor causes libselect to start the passed editor, as though the user had clicked
the editor's button. WARNING: the load function is not invoked, so if the caller needs to load thec
editor with any values, that should be done immediately after this function returns.

3.6 select-.add -selectable

void solect..add-.selectable(select, cass, privilege,
dragable * handler-ftunction, user-.data)

SELECT-.TOOL-.PTR select;
SISMVCLASS *class;
PRIV..LEVEM privilege;
iaz32 dragable;
CALLDACK..RANDLER handler-.funct ion;
ADDRESS user-.data;

'select' Specifies the select tool

'class' Specifies the libsensitive class
'privilege'

Specifies the system privilege needed to select object of this class
'dragable'

Specifies whether the objects should be dragable when selected
'hazadler-.function, user-.data'

Specifies the function to install as the sensitive gesture callback (see section 'Class
Definition' in LibSensitive Programmer's Manual)

stlect..add-.selectable registers a sensitive class with libselect, .along with arguments to
callback..register-zandler which will be installed when the select tool is enabled.

3.7 select..-allow -selection

void select-.allowselection(select, do-.allow)
SELECT-.TOOL-.PTR select;
in%32 do-.allow;

'select' Specifies the select tool
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'do.allow'
Specifies whether to allow selection or not

select.-allow.selection enables handlers and sensitivity for all objects. This can be called

from another mode to allow selection from within that mode. Note that there may be surprising

consequences if objects on the map are sensitive for other reasons. Also, multiple calls to allow will

register handlers multiple times, so be sure to disable selection once for each enabling.
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1 0 verview

Libsema provides a simple abstraction for controlling access to shared resources between mul-
tiple processes on a single hardware platform. Libsema uses semaphores to implement a locking
mechanism which allows multiple simultaneous readers or a single writer to access the resource
being locked.

A common use for the libsema read/write locks is to control access to a block of shared memory
being used for interprocess communications between processes on the same hardware platform.

Libsema can use System V semaphores (Sun SPARC and SGI) or IRIX REACT semaphores
(SGI only) to implement the read/write locks. The choice of semaphore abstractions is provided
as a flag passing to the sema.inito.
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2 Functions

The following sections describe each function provided by libsema, including the format anti

meaning of its arguments, and the meaning of its return values (if any).

2.1 sera-init

int32 saaminit(path, nreaders, semasysS)
char *path;
int32 nreaders;
int32 semasysS;

'arena-path'

For the IX REACT semaphores, "path" specifies a UNIX file system path to an
existing file which is used to initialize the semaphore abstraction.

'ureaders'

Specifies the maximum number simultaneous read locks which will be allowed on the

read/write locks. That is, semaphores are initialize with a value of "nreaders" when

they are created.

Specifies whether to use System V semaphores (semasysS = 1 ) or IRIX REACT

semaphores (semasys5 = 0). The default is to use MiIX REACT semaphores.

seaj.nit initialized the libsema library. When using IRIX REACT semaphores, the "path"

argument must specify a UNIX file system path to an existing file. This file is used to initialize the

"arena" from which MIX REACT semaphores are allocated. When using System 5 semaphores,

this argument is ignored. The "nreaders" parameter specifies the maximum number of simultaneous

read locks which will be allowed on libsema read/write locks before a block will occur.

2.2 serea-create-rwlock

SEN._RWLOCK seua-create.rvlockC)

sema..create.rvlock creates new read/write lock with a value equal to the nreaders specified

in the sea-.init function. This lock is passed back to the caller as a return value.
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2.3 sema..destroy.rwlock

int32 so-a.destroy-rwlock(rwlock)

SEMA.RVLOCK rwlock;

'rvlock' Specifies the read/write lock.

Destroys the specified read/write lock.

2.4 sema.rwlock.op

int32 siua..rlock-op(rwlock. lock.op)
SEKA..RVLOCK rwlock;
SEMA.OPTYPE lock-op;

'rulock' Specifies the read/write lock.

'lock.op' Specifies the operation to be performed on the lock. The set of operations includes:

SENA.READ.LOCK.OPTYPE Lock for reading

SEKA.RITE.LOCK.OPTYPE Lock for writing

SEKA,.READ.UNLOCKOPTYPE Unlock for reading

SENA.VRITE.UNLOCKLOPTYPE Unlock for writing

sem.rwlock-op performs the specified lock operation on the specified read/write lock. The

SEMA..READILOCK.OPTYPE decrements the value of the lock by 1. If the value goes neg-

ative, the calling process is blocked until the value of the lock goes positive again. Similarly,

the SEMA.WRITELOCK-OPTYPE decrements the value of the lock by a number equal to the

maximum number of readers allowed (see sma.-init). If the value of the read/write lock goes

negative the calling process is blocked. The SEMA..READ.UNLOCK.OPTYPE increments the

value of the lock by 1. This has the potential of unblocking a process waiting on the lock. The

SEMA.WRITE.UNLOCK.OPTYPE increments the value of the lock by a number equal to the

maximum number of readers allowed. This has the potential of unblocking one or more processes
waiting on the lock.

2.5 sema-dump

void sua.dump.rlock(rwlock. string)
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SENA.RVLOCK rilock;
char *string;

'rulock' Specifies the read/write lock.

'string' Specifies the procedure name

Prints the current value of the specified lock to "stdout".

2.6 sema-dump

char *smaerror()

Returns an error string for the last error in the libsema.
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1 Overview

LibSensitive provides a facility for managing mouse-sensitive objects in an X windows environ-
ment. It was designed to fulfill the following requirements:

" Allow sensitive objects to be rectangular, circular, or linear.

" Allow rapid modification of sensitive objects.

* Allow objects to be hot (to automatically highlight when the mouse pointer passes over them).
without using a significant amount of CPU.

" Allow objects to respond to any combination of mouse buttons.

" Allow thousands of simultaneous sensitive objects without significantly impacting performance.

e Allow application-defined classification of objects to facilitate changes to sensitivity and button
responses of many objects at once.

* Allow sensitive object to be dragable (mouse movement beyond a certain threshold drags the
highlight).

" Report the amount of dragging relative to the initial mouse-press location, in addition to
reporting the absolute screen location (this allows an object to be picked and dragged by any
point, instead of only by its origin).

An application creates sensitive objects using two structures: SISTV.CLASS and
SNSTVE.0BJIT. The class defines the sensitivity attributes for a set of objects; the object defines
the shape of a single object in a class.

1.1 Class Definition

A sensitive class is defined by an application simply by allocating a structure and using it.
Every object must belong to a class, but an application could put each object in its own class. The
SISTVLCLASS structure is defined as follows:

typedef struct snstve-clasu
{

unsigned sensitive : 1;
unsigned hot : 1;
unsigned dragable : 1;
unsigned drag . resh : 6;
unsigned buttons : 5;

CALLBACKEVEIT.PTR excited;
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CALLBACK.EVEIT.PTR gesture;

} SISTVE.CLASS;

sensitive
Specifies whether objects in the class should be considered active. It is faster to change
the sensitivity attribute of a class than to frequently remove and add it from the table.

hot Specifies whether objects in the class should highlight when the mouse passes over
them.

dragable Specifies whether the user can drag class objects around (represented by dragging the
highlight box). Note that dragging an object does not change the object; it is the
application's responsibility to act on the dragging.

drag-.thresh
When dragable is TRUE, this specifies the amount of mouse movement necessary before
dragging occurs (this is to help avoid accidental dragging).

buttons Indicates which mouse buttons should trigger the gestures callback; to get X button
n, set bit [1 << nJ; as in X, button 0 (the low.order bit) will get any button.

excited If hot is TRUE, this specifies a function to call when the cursor passes into or out of an
object in this class.

gesture Specifies a function to call when the mouse is pressed, dragged, or released over an
object in this class. The drag and release phases will not be invoked unless the pressed
phase was invoked for an object.

The excited and gesture callbacks should both be defined as follows:

void callback(indow, action, call.data, callback-arg)
SISTVE.DOV.PTR window;
SNSTvLACTION action;
SISTVE.CALL.DATA *call.data;
ADDRESS callback.arg;

The action is one of the following:

SISTVE.EXCITED
The mouse entered a hot object.

SISTVE.UNEXCITED
The mouse left a hot object.

SISTVE.PRESS
The user clicked on a sensitive object.
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SISTVE.NOTIN
The user dragged a clicked-in object (regardless of whether the object's dragable field
is set).

S1STVE.RELEASE

The user released a clicked-in object.

The cal-data is defined as follows:

typedef struct snstve.call.data

SISTVE-CLASS *class;
int32 instance;
ADDRESS user.data;
int32 button;
uint16 screen-z;
uint16 creeny;
intI6 xof;
int16 yoff;

} SNSTVLCALLDATA;

class
instance

user.data
Application-defined identification of the affected object. The class will be NULL, and
the instance will be -1 if the no object was indicated (such as a click on the screen
which did not touch an object).

button Specifies which button was used (1-5), or 0 when action is SISTVELEXCITED or SISTVE.UNEXCITED.

scren..x
scr..n.y Specifies the location of the action in screen coordinates.

xoU
yoff Specifies the location of the action relative to where the mouse press occured (this is

always 0,0 when action is SISTV.PRESS).

LibSensitive provides a macro to facilitate use of the class structure: SMSTVEIIIT.-CLASS. This
macro zero's out all the fields of the structure, and creates the two libCallback events (see section
'caliback.define.event' in LibCaliback Programmer's Manual).

1.2 Object Definition

Object definition occurs through the use of a template structure. The application creates a
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SNSTVE.OBJECT structure which represents the object, then passes it to libSensitive for processing.
When libSensitive returns, the application may keep the structure or free it immediately: libSensi-

tive keeps no pointers to the structure (except for the class pointer referred to within the structure).

Each object is defined as follows:

typodef struct snstve.object{
SISTVE.KIND kind;

SISTVE.CLASS *class;
int32 instance;
ADDRESS user-data;

union

stZuct

int16 x;
int16 y;
intl6 width;
int16 height;

}rect;
struct{

int16 x;
intl6 y;
intl6 radius;

} circle;
struct

inti6 zO;
int16 YO;
int16 zI;
int16 yl;
intI6 width;

} line;
} attr;

/* other fields which the application should consider private...
*/

} SiISTVEL0BJECT;

class Specifies the application-defined classification of the object (see (undefined) [Class Def-
inition], page (undefined)).

instance Specifies the application-defined instance of the application-defined class (this is passed
back to the application in callbacks). The combination of class and instance must
uniquely identify an object.
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user.data

Specifies an arbitrary piece of data which the application associates with the object.

This is provided in addition to the instance field to facilitate libraries like libTactMap
which need to place special meaning in the instance attribute, yet would like applica-

tions to be able to define objects.

kind Specifies the type of object. It should be one of the following:

SNSTVE. RECTANGLE
A rectangle starting at attr.rect.x, attr.rect.y, with width of

attr. rect. width pixels and height of attr. rect. height pixels. All units

are in screen coordinates, and negative numbers are acceptable.

SISTVE.CIRCLE
A circle centered at attr. circle. x, attr. circle. y, with radius of attr. circle. rad

pixels. All units are in screen coordinates, and negative numbers are ac-
ceptable.

SISTVE-CIRCLE
A line from attr.line.xO, attr.line.yO to attr.line.x0,
attr.line.yo, with width attr.line.width. AU units are in screen co-

ordinates, and negative numbers are acceptable.
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2 Usage

The software library 'libsonsitivo. a' should be built and installed in the directory
'/comn/lib/'. You will also need the header file 'libsensitivo.h' which should be installed in
the directory '/comson/include/libinc/'. If these files are not installed, you need to do a 'make'
in the libsensitive source directory. If these files are already built, you can skip the section on
building libsensitive.

2.1 Building Libsensitive

The libsensitive source files are found in the directory '/comon/libsrc/libsonsitive'. 'IRCS'
format versions of the files can be found in '/n-fs/comon.src/libsrc/libsensitiv,'.

If the directory 'couaon/libsr/libsensitivo' does not exist on your machine, you should use
the 'genbuild' command to update the common directory hierarchy.

To build and install the library, do the following:

0 cd coimon/libsrc/libsnsitive
# co RCS/*,v
# make install

This should compile the library 'libsensitive. a' and install it and the header file
'libsonsitive,. h' in the standard directories. If any errors occur during compilation, you may need
to adjust the source code or 'Nakf ile' for the platform on which you are compiling. libsensitive
should compile without errors on the following platforms:

* Mips

• SGI Indigo

* Sun Sparc

2.2 Linking with Libsensitive

Libsensitive can be linked into an application program with the following link time flags: 'ld
[source .o f iles] -L/Cosmon/lib -1sensitive -lXt -lX1 I -l'. If your compiler does not sup-
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port '-L' syntax, you can use the archive explicitly: 'id [source .o f iles]

/comon/lib/libsensitive. a'.

Libsensitive depends on X windows.

2.3 Examples

The test program 'test. c' in the libsensitive directory shows usage of most libsensitive functions.

The program operates as follows:

* The program fills the window with lines, rectangles and circles. All of these objects are hot.
Some of these objects (orange lines, green circles, and red rectangles) also have dragable

highlights.

* The program clears the screen and generates a new screen full of objects every 30 seconds.

* The program makes non-dragable circles and rectangles insensitive 15 seconds after regenera-
tion.

* When a mouse press or release event occurs on a sensitive object, or when any mouse event
occurs on the screen, the parameters of that event are printed out.

* Rectangles respond to the left button, circles respond to the middle and right buttons, and

lines respond to any button.

* Orange lines, green circles, and red rectangles can be dragged to a new location.

* Two circles move around the screen. The green one can be dragged to a new location.
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3 Functions

The following sections describe each function provided by libsensitive, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 snstve-init

void snstve.-init)

anstv..init initializes libsensitive. Call this before any other libsensitive functions.

3.2 SNSTVEINIT.CLASS

void SNSTVEINIT.CLSS(class)
SUSTV.CLASS claus;

'class' Specifies the class structure (not a pointer) to initialize.

SNSTVE.INIT.CLASS is a macro which initializes a class structure. Once objects h -e been
created in a class, the fields should onuy be modified using the function snstve.setclass and
snstve-se-.class.buttons.

See (undefined) [Class Definition), page (undefined).
See (undefined) [snstve'set'class], page (undefined).
See (undefined) [snstve'set'class buttons], page (undefined).

3.3 snstve-rniss.callback

CALLBACK.EVEU._PTR onstve.miss.callback(windov)
SNSTVEVINDOW..PTR window;

'window' Specifies the senstitive window.
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unstve-nuso.callback returns the libcallback event handle which is fired when the mouse is
pressed, dragged or released on the window, outside the bounds of any sensitive object.

3.4 snstve..create

SNSTVWIDOV.PTR uansve.create(vidget, draw.gc, erase.gc)
Widget widget;
CC draw.gc;
GC eraeagc;

'widget' Specifies the widget where input is received and highlights are drawn

'draw.gc' Specifies the GC for drawing highlights
.erasOgc'

Specifies the GC for erasing highlights

unstve.create creates a sensitive window. This is passed to all other libsensitive routines. The
GCs are used to draw and erase highlight (hot) boxes. Note that the erane should either clear
the color plane used by the draw, or it should be tiled with the underlying picture. Note that it
is safe to create more than one sensitive window acting on a single X window, however it could be
confusing to the user (since overlapping objects could be hot in both).

3.5 snstve-refresh

void snatve.refresh(window)

SISTVE.WIDOW.PTR window;

'window' Specifies the sensitive window

onstve.refresh redraws the current highlight, if any (call this after any operation which clears
the screen).

3.6 sn stve-add ..object

void 8nstv.add.object (vindow. object)
SISTVEWINDOW.PTR window;
SISTVELOBJECT *object;
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'window' Specifies the sensitive window
'object' Specifies the object to add

snstve.add-object adds an object to the sensitive window. Note that the object structure is

copied into the window; the pointer is not saved by libsensitive.

3.7 snstve-removeobject

int32 anstve.meiove.object(window, x, y. class, instance)
SISTV,.VIIDOW.PTR window;
int16 x, y;
SISTVE.CLASS *class;
int32 instance;

'window' Specifies the sensitive window
'x, y' Specifies the location of the object

'class' Specifies the application-defined class of the object

'instance'
Specifies the application-defined instance of the object

snstve.resmove.object finds and removes an object from the sensitive window. The passed

location should be any point within the bounding box of the object. Note that snscve.clear and

snstve.clear.class are much faster than removing a number of objects one at a time. The return
value is 1 for success, 0 if the object could not be found.

See (undefined) [snstve'clear], page (undefined).

See (undefined) [snstve'clear'class], page (undefined).

3.8 snstve.changeobject

int32 onstve.chnge.object(window, x, y, object)
SISTVE.-VIEDOV.PTR window;
int16 x, y;
SISTV.-OBJECT *obj ect;

'window' Specifies the sensitive window

'x, y' Specifies the old location of the object
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'object' Specifies the object variables

anstva.echange.object finds and relocates an object in the sensitive window. The passed
location should be any point within the current bounding box of the object (where it is now, not
where it is going). Note that when a hot object is changed with this routine, the highlight may
be retained if the object is still under the pointer after the change. This would not be true if the
object were removed with unstve.reove.object and re-added with snstve.add.object. Also,
an object which is currently hot will only stay hot if it is The return value is 1 for success, 0 if the
object could not be found.

See (undefined) [snstve'remove'objectJ, page (undefined).
See (undefined) [snstve'add'object], page (undefined).

3.9 snstveclear..class

void stve.clearclasue(indow, class)
SNSTVE-jIDOW.PTR window;
SNSTVECLASS *class;

'window' Specifies the sensitive window

'class' Specifies the class to clear

unstveclear.claus clears the sensitive window of all objects of a given application-defined
class (this is much faster than removing objects one at a time).

See (undefined) [snstve'remove'object], page (undefined).
See (undefined) [snstve'clear], page (undefined).

3.10 snstve-clear

void snstvo.clear(vindow)
SNSTVEUINDOW.PTR window;

'window' Specifies the sensitive window
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snstve..clear clears the entire sensitive window (this is much faster than removing objects one
at a time, or a class at a time).

See (undefined) (snstveremoveobject], page (undefined).
See (undefined) (snstve'clear'class], page (undefined).

3.11 on stve -set -class

void unstv...setclas(indow, class, sensitive, hot, dzragable)
SISTVE..VIIDOV.PTR window;
SNSTVE-CLASS *clase;
uint32 sensitive;
uint32 hot;
uint32 dragable;

'window' Specifies the sensitive window
'class' Specifies the application-defined class
&sensitive'

Specifies whether the class should be sensitive

'bat' Specifies whether the class should be hot
'hot'7 Specifies whether the class should be dragable

anstwe-.set..class sets the sensitivity attributes for all objects of a given application-defined
class.

3.12 snstve.et.-class..-buttons

void snst'-.et.class.buttons(window, class, remove, add)
SISTVE-WIIDOLPTR window;
SNSTVE-CLASS *class;
uint16 remove;
uintl6 add;

'window' Specifies the sensitive window

'class' Specifies the application-defined class
'remove' Specifies the buttons to remove
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'add' Specifies the buttons to add

snutve.se-c.lans.buttons sets the buttons values for all objects of a given application-defined
class, using the operation:

new-buttons a (old.buttons & "reove) I add
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1 Overview

Sensors is a SAF components class. The purpose of a components class is to define a common

set of functions which are invoked on instances of that class, and the semantics of those functions.

Other than defining these functional semantics, components classes don't actually do anything.

Access to sensors functions is achieved through macros defined by libsensors. These macros

invoke cmapt.nvoke with a code number which identifies the function to run. Libcomponents

then runs this function for the particular sensor model via a jump table.

The table below shows how the sensors component relationships have been currently imple-
mented via the ModSAF library structure.

specific libraries generic library architectural library
--------------------------------------------------------

libradar libsensors libcouponents
libvisual libbensors libcomponents

As mentioned above, libsensors requires the services of libcomponents, an architectural library
which provides a level of abstraction away from the specific component interfaces. When the

MOdSAF application gets set up to run, the libsensors initialization process directs libcomponents
to define a sensors component class. This information enables libcomponents to define a structure

to accommodate all the sensor instantiations a simulated object is allowed to have. The libsensors
initialization process also tells libcomponents the number of its defined sensor interface functions.

This enables a simulated object's user data to be allocated enough space to hold the address of

each of the interface functions defined in libsensors.

The parametric data of libcomponents identifies each component that needs to be modeled when
a vehicle is simulated. For example, a component entry for a T72 tank might look like this: (see

the file named USSL.T72M.params.rdr)

(SHComponents (hull SM.Trackediull)
(turret SILGenericTurret)
(achine-gun ESN.BallisticGun I 01)
(main-gun [Sl-BallisticGun I 11)
(visual SH.Visual))

A T72M simulated vehicle (which belongs to the safobj class) will have component sub-class data
that tells the ModSAF software to maintain a structure that includes one libvisual instantiation.



2 LibSensors Programmer's Guide

Since an application will interface to libvisual or libradar through libsensors, a tank's sensor

commands (which are performed by libvisual) and an airplane's sensor commands (which are per-

formed by libradar) are both issued via the interface defined by libsensors. A command to change

viewing controls is therefore the same whether the sensing component is a tank commander's sight

or an airplane's radar. What is different are the actual values used to set the controls and those val-

ues are passed as input to the function. Similarly, an application can obtain information about the

state of any of its sensors though the libsensors interface. The table below shows the relationship

between the specific and generic library for the sensors component.

Instantiations of Belong to generic Have a command
of the library: component claus: interface defined in:

libradar sensors libsensors
libvisual sensors libsensors

The interface to libsensors is defined in its public header file (libeensors.h). This interface lets

an application set sensor controls or get sensor information without knowing which specific sensor

model is being used. Applications interface to the radar model or visual model primarily through

the macros defined in libsensors. These macros map to functions which are invoked on instances

of the sensors sub-class (such as the libradar component instantiated for an airplane or a libvisual
component instantiated for a tank).

One interface for controlling a sensor is the SEISORS.SET.ADSOLUTE macro which maps to a
function that sets the direction of attention, magnification, and scan parameters for the sensor. A

possible definition for this macro is shown below.

#define SEISORS.SET.ASOLUTE(.v, .c, -a, .e, . , w, _h, _vn, .vi, .rx)
{

SUSOPS.ITERFACE .sif;
.sif.u.set.absolute.aziuth a -a;
.sif. u. set.absolute. elevation = _e;
.sif. u.n etabeolute.magnification a -a;
.sif.u.set-absolute.half.-ridth _ v;
-.sif.u.set.absolute.half.height _h;
-,if.u.set.abolute.vmin a .vn;
.sif.u.et.absolute.vnnaz a .vz;
.if.u.set.aboolut.range.max a .rx;
capnt-nvoke(SSORSoSEToABSOLUTLFCN, _v, .c, &-sit);

The SNSORS.IINT ACE structure defined in libsensors.h is the structure which is passed to

any sensors interface function. This structure is a union of structures that each define an argument
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list for a sensors interface function. An abbreviated example that assumes there are only a few
interface functions is shown below. Typically there will be many interface functions and therefore
more structure definitions in the union. The macros hide this structure from the users of these
functions.

typedef struct senaors-interface
{

union
{

struct seonoru.e.st-control
{

flont64 aziauth;
float64 elevation;
float64 magnification;
float64 half-width;
float64 half.height;
float64 vain, uax;
float64 range-max;

} me.bsolute, set-.relative;
struct sensorsset.state

SEISORS-STATE state;
nosettate, get-.state;

}U;
} SENSORS-INTERFACE;

Issuing a command to an objects's sensor component is done by invoking one of the macros
defined in libsensors. These macros identify the specific component function which needs to be
called. For example, invoking the SEISORS.SET.ABSOLUTE macro will result in the calling of the
set-absolute specific component function. In the public header file of each generic library, macros
are associated with a function code number so that a call to the libcomponents library (via the
cmpntinvoke function) will dispatch a call to the appropriate function. The specific component
functions are defined and installed by the specific libraries (libradar and libvisual). In this case,
both libraries install a function with the same name, set-absolute (there is no name conflict
because each function is declared static). It is the specific function (either libradar's set.absolute
or lbvisual's set-absolute) which is called when the macro is invoked.

Invoking the macro results in two actions: (1) setting up of the interface structure and (2) passing
of necessary information to libcomponent. The macro passes the vehicle id, component number, and
function pointer index to libcomponent so that the appropriate library (such as libradar or libvisual)
data can be accessed. The requested function can require input (such as an azimuth and an eleva-
tion) and/or output (such as a setting). Therefore, libcomponents must also be passed the address
of the interface structure that holds this data. In the cmpnt.-invok(SESORS.SET.ABSOLUTEFCN,
.v, -c, &-sif); code segment shown above, SENSORS.SET.ABSOLUTE.FCN serves as the function
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pointer index, -Y provides the vehicle id, .,cprovides the component number, and &-sil provides
the address for the function's argument lists.
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2 Examples

To get the component number of my commander's sight:

extern int32 cadr-sight;

if ((cadrsight a
capnt.locate(vehiclto. id.

readerg.e.tsymbol ("commander-sight °)))
CMPUT...OT.FOUND)

printf("Vehicle %d does not seen to have a commander ight\n",
vehicleid);

To center that sight (the macro is defined by libsensors; it assembles a SENSORS.INTERFACE
structure, and calls capnt-.invoke):

if (cadr.sight != CNPNT.NOToFOUND)
SEISORS.SET.RELATVE(vehicle.id, cmdr.sight, O.S 0.5, 1.0, 1.0,

0.0, 1.0. 1.0, 0.0);

To get a list of vehicles detected by that sensor:

VTAB.LIST 11s;

if (cmdr.sight != CMPNT.OT.FOUND)
SEISORSGET.SESD(vehicle.id, cmdr.sight, Ulist);
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3 Functions

The following sections describe each function provided by libsensors, including the format and

meaning of its arguments, and the meaning of its return values (if any).

3.1 sensors.Jnit

void sonsors.init(directory, reader.flags)
char *directory;
uint32 reader.flags;

'directory'

Specifies the directory where the constants file is expected
'reader.flagm'

Specifies reader options (see section 'reader.read' in LibReader Programmer's Manual)

sensors.ir1 ' "tializes libsensors. Call this function after cmpntinit, and before any specific

sensor init fun ' ,. To simplify definition of other data files, libsensors reads a file of macro

-finitions from tie passed directory using the passed reader.flags. These macros define (in a

hbreader format) some of the constants defined by libsensors.

3.2 SENSORS_-SETABSOLUTE

void SENSORS-SETBSOLUTE(vehicle.id, component.number,
azimuth.radiana, elevation-radiana,
half.uidth-radians, half-heightradians,

magnification, vain, vmax, range.max)
int32 vehicle.id;
int32 component-number;
float64 aziuuthradians;
float64 elevation.radians;
float64 half.vidth.radians;
float64 half.height.radians;
float64 magnification;
float64 vain, vmax;
float64 range-max;

'vehicle-id'

Specifies the vehicle ID
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'couponen.-nuaber'

Specifies the sensor component number

'azimuth.radians'
Specifies the desired azimuth in radians (attachment coordinates)

'elevationradians'

Specifies the desired elevation in radians (attachment coordinates)

'half .vidth.-radians'
For sensors which have controllable scan volumes (such as radar) specifies half the
scan volume width in radians (the scan volume will go from -half-width.-radianm to
+half .- idth.radians).

'height-radians'
For sensors which have controllable scan volumes (such as radar) specifies half the
scan volume height in radians (the scan volume will go from -half .heightradians

to +half -height.radians).

'magnification'
For kensors which have controllable magnification, specifies the desired magnification

'vIn' For sensors which can detect vehicles by relative motion, specifies the minimum relative
velocity of vehicles, in meters per second, to be detected

I'ICx' For sensors which can detect vehicles by relative motion, specifies the maximum relative
velocity of vehicles, in meters per second, to be detected

6range-max'

Specifies the maximum range-of-interest (as opposed to detection range) for the sensor

SEISORS.SET.ABSOLUTE sets the direction of attention, magnification, and scan parameters for
the sensor. Not all parameters may be relevant for a particular sensor. Depending upon the physical
or psychological detection model, the direction of the sensor may impact whether a particular target
is sensed. The direction is in sensor coordinates (positive elevation is up, positive azimuth is left),
and may be clipped if it exceeds the limits of the sensor's orientability.

3.3 SENSORS -SET_-RELATIVE

void SUISORS..SET.ltENATIVE(vehicleid, component.nmber,
azimuth, elevation, width, height,

magnification, vain, vuax, range-max)
int32 vehicle, d;
int32 coWponent.number;
float64 azimuth;
float64 elevation;
float64 width, height;
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float64 magnification;
float6 vain, vmax;
float64 rangemax;

'vehicleid'
Specifies the vehicle ID

component.uumbor'
Specifies the sensor component number

'azimuth' Specifies the desired azimuth
'elevation'

Specifies the desired elevation

'width' For sensors which have controllable scan volumes, specifies the scan volume width

'height' For sensors which have controllable scan volumes, specifies the scan volume height
'magnification'

For sensors which have controllable magnification, specifies the desired magnification
'vmin' For sensors which can detect vehicles by relative motion, specifies the minimum relative

velocity of vehicles to be detected
'vuax' For sensors which can detect vehicles by relative motion, specifies the maximum relative

velocity of vehicles to be detected
angeax

Specifies the maximum range-of-interest (as opposed to detection range)

SENSORS.SET.RELATIVE sets the direction of attention, magnification and scan volume for the
sensor. Not all parameters may be relevant for a particular sensor. Depending upon the physical or
psychological detection model, the direction of the sensor may impact whether a particular target is
sensed. All values are in the range 0 to 1 (azimuth:counterclockwise-to-clockwise, elevation:down-to-
up, magnification:minimum-to-maximum, width:minimum-to-maximum, height:minimum-to-maximum,
vmin:miimum-to-maximum, vmax:minimum-to-maximum, range.max:minimum-to-maximum).

3.4 SENSORSGET.SENSED

void SENSORS.GET.SENSED(vehicle.id, component-number, list)
int32 vohicleid;
int32 component.number;
VTAB.LIST *list;

'vehicle-id'

Specifies the vehicle ID
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'componentnumber'

Specifies the sensor component number

'lit' Returns the list of sensed vehicles

SENSORS.GET.SEISED returns a list of sensed vehicles. For visual sensors, the user data attached
to each vehicle in the list is the address of a SENSEDVARS structure. It is mode fully described

in libvisual.

3.5 SENSORSGETTARGETVISIBILITY

void SENSORS.GET.TARGET.VISIBILITY(vehicle.id, component.number.
target, id, ctdb, result,
intersecting.location,
intersecting-vehicle)

int:32 veh4 cle_ d;

int32 component-number;
int32 target id;
CTDB *ctdb;
float64 *result;
float64 intersectinglocation[3;
int32 *interuectingvehicle;

'vehicle-id'

Specifies the vehicle ID
'component.number'

Specifies the sensor component number

'target-.id'
Specifies the target to check for visibility against

'ctdb' Specifies the terrain that might obstruct the target
'result' Returns the result of the visibility check, as a fraction between 0.0 and 1.0, inclusive

'intersecting.location'

Returns the location of the obstruction if the target is fully obstructed by a vehicle or

an object on the terrain

'intersectin.vehicle'
Returns the id of a vehicle obstructing the target if the target is fully obstructed by a
vehicle

SEISORS.GETTARGET.VISIBILITY r.ttrn% what fraction of a target is visible from a sensor. If
a target is fully obscured (as indic.ateJ t, A result of 0.0, intersection.location will contain the
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location of the obstruction. I~f another vehicle is the cause of the obstruction, intersecting- vehicle
will contain the id of the obstructing vehicle.

3.6 SEN SORS-GET-LOC ATION -VISIBILITY

void SEISORS-.GET.LOCATIO-VSIILITY(vehicle-id, coaponent..number,
location, location-.height,
location..vidth, ctdb, result,
intersecting-.location,
intersocting-.vehicl.)

int32 vehicle-id;
int32 couponent...umber;
floate4 location (3J,
float64 location..height,
float64 location-.width,
CTDD *ctdb;
float64 *result;
floatH4 intersecting.location3;
int32 *interniecting..vehicl.;

'vehicle..id'
Specifies the vehicle ID

'cozmponnt..nuber
Specifies the sensor component number

'location'
Specifies the location to check for visibility against

'location-height'
Specifies a height (in meters) above the location to be used in any intervisibility
calculations

'location..vidth!
Specifies a width (in meters) to be used in any intervisibility calcula., ins

'c-tdb' Specifies the terrain that might obstruct the target
'result' Returns the result of the visibility check, as a fraction between 0.0 and 1.0, inclusive

'intersectin..locat ion'
Returns the location of the obstruction if the target is fully obstructed by a vehicle or
an object on the terrain

'intersecting..vehicle'
Returns the id of a vehicle obstructing the target if the target is fully obstructed by a
vehicle



12 LibSensors Programmer's Guide

SENSORS..GET.LOCATION.VISIBILITY returns what fraction of a location is visible from a sen-
sor. If a location is fully obscured (as indicated by a result of 0.0, intersecting.location
will contain the location of the obstruction. If another vehicle is the cause of the obstruction,
intersecting.vehicle will contain the id of the obstructing vehicle. Tn order to properly model a
location occupying space (as opposed to a point location), location-height and location.idth
are used.

3.7 SENSORS.SET.MODE

void SEISORSSETMODE(vehicleid, component.number, mode, target-id)
int32 vehicle.id;
int32 component.number;
SENSORS.MODE mode;
int32 target-id;

'vehicle.id'

Specifies the vehicle ID

'couponent-number'
Specifies the sensor component number

'mode' Specifies the operating mode (defined by given sensor)

'target-.id'

Designates a target, as required for certain sensor modes.

SENSORS.SET.MODE sets the operating mode of the sensor. This primarily affects the type and
number of targets detected by the sensor. If given a mode it does not support, SENSORSSET.MODE
will choose a suitable replacement. Defined modes are as follows:

SENSORS.PULSE.SEARCH

Pulse search

SENSORS_ PD.S..EACH
Pulse doppler search

SENSORS.TVS.KANUAL

Track-While-Scan, manual center

SENSORSTWS.AUTO

Track-While-Scan, automatic center

SENSORSPULSE.STT
Single-Target-Track, pulse
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SEISORS.PD.STT
Single-Target-Track, pulse doppler

3.8 SENSORSGET.MODE

void SEISOPS.GIETODE(vehicle.id, component.number, mode, targetid)
int32 vehicle-id;
int32 component.number;
SENSO-S.MODE *node;
int32 *target.id;

'vehicle-id'

Specifies the vehicle ID
'coponent.number'

Specifies the sensor component number

'node' Specifies the operating mode (defined by given sensor)

'target.id'

Designates what target, if any, has been designated for this mode.

SENSORS.GET.NODE returns the current operating mode of the sensor, which will either be the
default mode or whatever was last set in the last SISORS.SET.NODL Note that the target.id
indicates what target was designated, and not whether that target is currently being detected by
the sensor.

3.9 SENSORSGETCAPABILITIES

void SENSOS.GT.CAPABILITIES(vehicleid, component.number,
Z8.liut, el.list, az-ict. elilct,

az-lo, az.hi, ell.o, elhi)
int32 vehicle..id;
int32 component .number;
f1oatG4 esaz.list, **6eellut;
int32 aZ.lct, *el.lct;
float64 *az-lo, *az-l L, *el-lo, eel-hi;

'vehicle-id'

Specifies the vehicle ID
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'componnut.number'

Specifies the sensor component number
'az..lit' Returns a pointer to an array of legal azimuth half-width settings for this sensor. These

half-widths are in radians and specify a valid scan volume which is plus-or-minus this
amount around a center beam.

'el-lint' Returns a pointer to an array of legal elevation half-height settings for this sensor. These
half-heights are in radians and specify a valid scan volume which is plus-or-minus this
amount around a center beam.

'az.lct, elilct'

Returns the number of valid elements in az-list and el.list, respectively.
'az..o, az..hi'

Returns the counter-clockwise and clockwise limits that the azimuth of the center beam
of the scan volume can be steered to, in radians.

Returns the lower and upper limits that the elevation of the center beam of a scan
volume can be steered to, in radians.

SENSORS.GET.CAPABILITIES returns (by reference) information about legal values for the sen-
sor's scan volume in terms of half-widths and half-heights. Also returned is information about the
orientability of the scan volume.

3.10 SENSORS.SET.STATE

void SENSORS.SET.STTE(vehiclo.id, couponent.nuber,
state)

int32 vehicle.id;
int32 component.number;
SISORS.STATE state;

'vehicle-id'

Specifies the vehicle ID

'component.number'

Specifies the sensor component number

'state' Specifies the new state of the sensor

SEESORS.SET.STATE sets the state of the sensor. This state is independent of the state of the
vehicle on which the sensor is mounted. Defined states are:
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SUXSOAMACTIVI
The sensor is enabled

SENSORS..IACTIVE
The sensor is disabled

3.11 SENSORS..G ET -STATE

void SUSORGET.STATE(vihicle-.id, component-.number,
state)

int32 vehicl...id;
1nt32 component-..number;
SK3SORS_.STATE *state;

'vehiclo-.id'
Specifies the vehicle ID

'component..number'
Specifies the sensor component number

'state' Returns the current state of the sensor

SEISORS..GET-.STATE returns (by reference) the state of the sensor. This state is independent of
the state of the vehicle on which the sensor is mounted. Defined states are:

SENSORS-.ACTIVE
The sensor is enabled

SENSORS-.INACTIVE
The sensor is disabled

3.12 SENSORS-.GET-.TARGETJINFO

void SUSORS.GET.TARGET-.INFO(vebic1...id * component-.number,
tazget-.id, angular-size. angle..to..edges)

int32 vehicle..id;
int32 component .number;
int32 target. 1;
float64 *angular.s ize;
float64 *angle.to...dge;
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'vehicle.id'

Specifies the vehicle ID
'couponeunt.numb r'

Specifies the sensor component number

'target. id'
Specifies the target to check

'angular-s.ize'
Returns the angular size of the target (in square radians)

'angle.to.odp '
Returns the angle (in radians) between the target and the nearest edge of the viewport
(or gimbal limit).

SEISORS.GET.TARGET.INFO returns (by reference) information about a specified target from the
viewpoint of the sensor.
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1 O verview

Libshmqueue implements a simple mechanism for doing interprocess communication between
multiple processes on the same hardware platform. Libshmqueue implements a ring-buffer of data
entries (i.e. data packets) which can be written to and read from with a minimum blocking time.
Multiple processes can read from and write to the table.

Libshmqueue uses (2 + <Nreaders>) semaphores, where Nreader is the number of readers.

To prevent a reader from catching up writers in a ring buffer, the address of the next write entry
is kept in the ring buffer header and a writer semaphore is used to protect the address. A writer
takes the writer semaphore to read the next write entry address, then increases it and releases the
semaphore after writing. A reader takes the writer semaphore for reading to calculate the the last
unread entry.

To prevent writers from writing new entries while readers are reading at the same locations
in a ring buffer, an active reader table (an array of <Nreaders> elements) is used together with a
semaphore for the table. In addition, <Nreaders> semaphores, the reader semaphore array, is used.
A reader follows the following sequence during reading: takes the table semaphore for writing,
searches the active reader table for an empty element, saves the index of the element, writes the
address of the first read entry to the table, releases the table semaphore, takes the reader semaphore
of the index for reading, reads the entries, release the reader semaphore, takes the table semaphore
to erase the content of the element, releases the table semaphore. A writer follows the following
sequence during writing: takes the table semaphore for reading, if the next write entry is not
listed in the table writes the entry and releases the table semaphore, otherwise, releases the table
semaphore, takes the reader semaphore of the conflict reader for writing, writes the entry, releases
the reader semaphore.
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2 Functions

The following sections describe each function provided by libsema, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 shmqjinit

void shmq.init()

shmq..init initializes the libshmq library. Currently this procedure is a no-op.

2.2 shmq.compute.size

int32 sbmq.owput..siz(nentries, entry.size)
int32 nentries;
int32 entrysize;

'nent~ries'

The number of entries in the shared memory table.

'ontry.size'
The maximum number of bytes for each entry.

uhmq..copute.size computes the size of the shared memory segment for the ring buffer.

2.3 create-ring.-buffer

SHMQ 8hmq.creat.e.ring.buffer(buffer. nentries, entry-size, nreaders)
ADDRESS buffer;

•int32 nentries;
int32 entry-size;
int32 nroador;

'buffer' The address of the h.tro-d ii,.t-iry regrnent

'nentries'
The number of entri'-- ,n ? he -Iiarpd memory table.
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'entry-size'

The maximum number of bytes for each entry.
4uzeaders'

The number of readers.

shaq.create.ring.buffor creates a shared ring.buffer. It is assumed that the a System5
shared memory segment has been created by the caller. The shared memory segment has enough

space for a ring.buffer of nentries where each entry is entry.size bytes large. The shared ring buffer
includes a libsema semaphore to control access among multiple processes.

2.4 shmq.destroy..ring..buffer

1nt32 shaq.destroy.ring.buffer(hvq)
SHMQ sunq;

'shaq' The address of a shared ring buffer.

sumq.destroy-.ring.buffer deletes the liblock semaphores. The caller has to free the shared
memory segment.

2.5 sh mq-read-entries

int32 hnq.read.entries(smq, entry.offset , num.entry, data..sinkfn. user.data)
SRMQ ubnq;
1nt32 *entry.oftfset;
int32 nuigentry;
SHMQ.ATA.SIIL.FN data.sinkjfn;
ADDRESS use.-data;

'shaq' The table to be read.

'entry-_offset'

The offset of the first entry to be read (pass SHMQ.FIRST.ENTRY to start with).
Returns the offset of the next entry to read

'num-entry,

The number of entries to be read from the ring.buffer. 1,2,...N: N > "number of total
unread entries": all unread entries will be read. N <= 0: all unread entries will be

read.
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'data.ink.fn'

The function to copy the data from the shared ring.buffer to user data buffer. Should
be a simple function, such as bcopy().

'user-dat:a'The 
address of the user data buffer.

ushmqrad.entries supports reading through a shared memory ring.buffer <n> entries

2.6 shmq.write.entry

int32 uhnq..rite...ntry(shmq, entry, entry-size)
SHMQ shaq;
ADDRESS entry;
int32 entry-_size;

'shmq' The address of a shared ring buffer.

'entry' The address of the entry to be written.

'entry-sizo'

The size in bytes of entry.

shmq.write.ntry writes a new entry into the ring buffer.

2.7 shmq.dump

void hmq.-dump(shmq, string, dump.locks)
SHNQ sbaq;
char *string;
int32 dump-locks;

'shmq' The address of a shared ring buffer.

'string' Specifies the procedure name

'dump.locks'
Specifies whether locks should be dumped

Prints out a cryptic one-line summary about the current state of the buffer.
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2.8 shnq-error

char * smq.rroro()

Returns an error string for the last error in the libshmqueue.
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1 0 verview

Libshmif implements the shared memory interface for the Atlas SAF. Libshmif is designed
specifically to support the IPC needs of the AGPG project. In particular, it is designed to support
communications between the SAFSim. the ModSAF Control, and the DIS Interface process. It

should NOT be considered a general purpose library.

Libshmif uses the services provided by libsema to provide read/write locks. It uses the services
of libshmtbl and libshmqueue to provide data structures which are safe for shared memory.

The shared memory interface consists of a "control structure" which occupies a System 5 shared
memory segment. The control structure maintains information about each of the "channels" which
make up the shared memory interface. Each channel consists of one or more "partitions" which
are used to communicate a particular protocol (i.e. the Persistant Object Protocol) or subset of a
protocol (i.e. Entity State PDUs of the DIS Protocol). Channel partitions are based on libshmtbl
and libshmqueue.

Each process participating in the shared memory interface is allocated its own channel. The
number of partitions in the channel depends upon the number of protocols in which that process
is interested.
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2 Functions

The following sections describe each function provided by libsema, including the format and

meaning of its arguments, and the meaning of its return values (if any).

2.1 shmifinit

int32 shaitf.init(appl.type, nreaders)
SHMIF.APPLTYPE appltyp.;
iat32 nreaders;

'appl.type'

The application type of the process. Valid values include: SHMIF.DISIFAPPLTYPE,
SHMEF.SAFSIMAPPLTYPE, SHMIF.MODSAF.CTL.APPLTYPE.

'nreaderu'

The maximum number of processes which will be reading from the shmif. Currently this
number should be set to 10 (i.e. 4 SHMIF.SAFSIM.APPLTYPE, 4 SHMIF.MODSAF.CTL.APPL
1 SHMIF.DISIF.APPLTYPE, 1 one to grow on).

sbafiLinit initializes the libshmif library.

2.2 shmif-open-shmif

SHKIF.SHKIF sbuif.open.sbuf(ftok.path, ftok.char, uprotocols,
protocols, exercise, create)

char *ftok.path;
char ftok.char;
int32 nprotocols;
uint8 *protocols;
int32 exercise;
int32 create;

'ftok.path'
Specifies the name which will be used to find the shared memory segment containing
the control structure for this shared memory interface.

'Itok.char'
Specifies the name which will be used to find the shared memory segment containing
the control structure for this shared memory interface.
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'uprotocols'

Specifies the number of protocols which will be included in the shared memory interface
channel for this process.

'protocols'

Specifies the protocols which will be included in the shared memory interface channel

for this process.
'exercise'

The id of the exercise in which this process is participating. Used by the shmirread.entries
function as a way of filtering out data from unwanted processes. A value of SHMIFEXERCISEID.
can be used to deactivate this filtering.

SAFSim processes are only involve in one exercise at a time. They will be reading and
writing data belonging to that exercise only.

The DIS Interface, on the other hand, !s interested in the data belonging to all the active
exercises. When reading, the DIS Interface reads from all SAFSim channels regardless
of exercise id. Similarly, the DIS Interface writes all data to the same channel regardless
of exercise id.

'create' Indicates that this process will act as a server creating the shared communications
control structure used by the other processes. In addition, the server is responsible for
freeing up communications channels left occupied by processes which exit abnormally.

shai:f.open.shaif installs or creates a shared memory interface having the specified name.
Installs/creates and locks the shared communications control structure. Allocates a communications
channel including one shared table for each of the data types specified in the "data.types" argument.
Registers the channel in the communications control structure.

2.3 shm if-read -entries

int32 shif.read.entries(shuif. protocol, exercise, data.sink-fn, data.sink.userdata)
SHNIF.SHNIF shuif;
uint8 protocol;
int32 exercise;
SHKIF.DATASIINKFI data.sinkfn;
ADDRESS data.sink-userdata;

'suiif' Specifies the shared memory interface to be uzzed.
'protocol'

Specifies the protocol to be read.
'exercise'

Specifies the id of the exercise to which the data must belong. SHMIF..EXERCISEID.ALL
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can be used if data from all active exercises is desired. In general, the SAFSim's will be
interested in a particular exercise, and the DIS Interface %% al be interested in all active
exercises.

'data.sink.fn'
A function which takes a pointer to a void as an argument and which returns void. For
example: void sample.data.sink.fn(dataptr, length, user.data)

'data.sink.userdata'
The user data to be passed back to the data.sink.fn in the user.data parameter.

shaif.read..ntries checks all the active channels belonging to an process whose application
type matches one of those specified in apphtyps and whose exercise id matches the one specified
in exercise. For each of these channels, shaif .rad entries returns any data of type datat ype
which has NOT already been returned in a previous call to shaif .read.entriess. It does so by
making successive calls to the data.sink-fn function. Returns the total number of entries (i.e.
calls to data-sink-fn).

2.4 shmifwrite..entry

int32 su .write.entry(shuif, protocol, kind, data, length)
SHNIF.SHMIF sumif;
uint8 protocol;
Uint S kind;
ADDRESS data;
int32 length;

'shnif' Specifies the shared memory interface to be used.
'protocol'

Specifies the protocol family of the data parameter.

'kind' Specifies the PDU kind of the data parameter.

'data' The data (PDU) to be written.

'length' The length in bytes of the data to be written.

shnifvrite.entry Writes the data supplied to this process' channel.

2.5 shmif.update
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int32 shui.updat*(shnif, data.type)
SHNIF.SHNIF shnitf;
SUIF..DATATYPE data.type;

'8hanf' Specifies the shared memory interface to be used.

'data.typs'
Channel partitions containing this type of data will be updated.

shnil-update Updates the channel partitions containing the specified data.

2.6 shmif.delete.shmif

int32 shaif.deleteshaif (shuif)
SHNIF.SHMIF shait;

'shaif' Specifies the shared memory interface to be used.

shuif do1.ushMif deletes the specified shared memory interface.

2.7 shmif-dump

int32 shaif.dup(shfif, string, dump.locks)
SHKIF.SHNIF habif;
char *string;
int32 dump.locks;

'shnit' Specifies the shared memory interface to be dumped.
'string' Prefix string.

shmif.dump prints debugging information about the shared memory interface.

2.8 shmif.protocol.kind _tocd atatype

SHMIFDATATYPE sbmif.protocol.kind.to.datatype(protocol, kind)
uint8 protocol;
uint8 kind;
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'protocol'

Specifies the protocol family.
'entry' Specifies the PDU kind.

sabif-protocol kindto.datatype returns the shmif datatype which corresponds to the spec-
ified protocol and PDU kind.

2.9 shmif..program -error

void ahaii.progras.'rror()

sh.if -progrmLe-rror prints out an error message corresponding to the last error.

2.10 shmif-program.message

void shaif.prograauessage (

sbuif .progra.uessage prints out an error message corresponding to the last error.

2.11 shmiferror-string

char * sbmif.e.rror.utring()

shnif-error.string eturns an error string for the last error in the' libshmif.
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1 0 verview

Libshmtbl implements a simple mechanism for doing interprocess communication between mul-
tiple processes on the same hardware plz.form. Libshmtbl implements a double-buffered array of
data entries (i.e. data packets) which supports simultaneous access to the table for reading and
writing. Multiple processes can read from the table. However, the abstraction assumes that ONLY
ONE process will be writing to the table, so writing is not controlled. Readers are denied access
only when writer updates the table by swapping the buffers.
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2 Functions

The following sections describe each function provided by libsema, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 shmtbl-init

void slmtblinit()

shatbl-init initializes the libshmtbl library. Currently this procedure is a no-op.

2.2 shmtbl.alloc-table

SHNThLTABLE shmtbl-alloc.1table(key, nentries, entry-size, flag, shuid)
ky.-t key;
int32 nentries;
int32 entry.-si.ze;
int32 flag;
SRTBL.ID *shmid;

'key' The key to be passed to shmget to get the SHMTBLJD.
'nentries'

The number of entries in the shared memory table.
'entry.. -ize'

The maximum number of bytes for each entry.
'flag' Access permissions for the shared memory segment which the table occupies.
'shaid' An out parameter returning the id of the shared memory table. This value can be used

as a parameter to shmtbl.install-table.

shmtbl-alloc.table creates a shared table using a shared memory segment and installs it in
the address space of the local process. The shared memory table has enough space for 2 buffers of
nentries where each entry is entry-size bytes large and a libsema read/write lock to control access
among multiple processes. 8hmtbl.alloc.table returns two values. The first is the address of
the table in the local address space of the calling process which is returned as the return value of
the function. The second is a handle for the shared memory table which can be passed to remote
processes so that they can install the shared memory table. This value is returned in shmid as an
out parameter.
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2.3 shmtblinstalItable

SIINTL.TABLE sbutbl, install.table (shid)
SHMTBL.ID shaid;

'shuid' The id of the shared memory table.

shtbl-install.table takes the id of a shared memory table and installs it in the local address
space of the calling process.

2.4 shmtbl-uninstalltable

int32 shatbl.uninstall.-table (shmtbl)

SMUITBL.TABLE shatbl;

'hutbi' The address of a shared memory table.

shmtbl-uninstall.table takes the address of a shared memory table and removes it from the
local address space of the calling process.

2.5 shmtblfree.table

int32 ehutbl-free.table (s utbl)
SHNTBL.TABLE shutbl;

'5hmtbl' The address of a shared memory table.

sumtbl-free.table removes the specified shared table from the local address space, deletes
deletes it.

2.6 shmtbl-get-version

int32 uhmtbl-get verzion(shmtbl)
SHKTBLTABLE sumtbl;
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'shztbl' The address of a shared memory table.

shtblget.verion returns the version of the shared memory table. The version is incre-
mented each time the table is updated by shatbl.update.

2.7 shmtbl-read.-entry

int32 shutbl.read-entry(shatbl, entry)
SRNThL.TABLE shatbl;
ADDRESS *entry;

'shatbl' The address of a shared memory table.

'entry' This in an IN/OUT parameter (i.e. a parameter used by the calling procedure to
passing values into sbmtblread.entry and a parameter used by shutbl.read.-entry
pass values back out to the calling procedure. There are two valid values which can be
passed into shutbl.read-entry; SHMTBL.STARTITERATION and the address of
the entry returned in the last call to sbutbl-read.entry. There are two valid values
which can be returned by shmtbl.read.entry; the address of the next entry in the
table and SHMTBLABORT.JTERATION.

shutblread.en-try supports reading through a shared memory table an entry at a time. It
operates similarly to the strtok function.

The first call to ubutbl-read.entry with *entry equal to SHMTBL.START.ITERATION will
lock the table for READING, set *entry equal to the address of the first element in the table, and
return the length of that element in bytes.

Subsequent calls to abutbl-read.entry with *entry equal to the last value returned iterate
through the table an element at a time. The final call to shutbl.reade.ntry (where *entry
contains the address of the last element in the table) unlocks the table for READING, sets *entry
equal to SHMTBLABORT.ITERATION, and returns 0.

The following is a code example of how shmtbl-read..entry should be used:

ADDRESS entry;
int32 length;
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entry a (void *) SHMTBL.START.ITERATIOI;
length = uhutbl.read.entry((SHITBLoTABLE) shmaddr, &entry);
while (entry = SHRTBL.ABORT.ITERATION)
{

processdata(entry);
length = sbitbl.read.entry((SHMTBL.TABLE) shmaddr, &entry);}

2.8 shmtbl-write.entry

int32 shiatbl.writs.entry(shmbtbl, entry, entry-size)
SHTBLTABLE shuztbl;
ADDRESS entry;
int32 entry..size;

'shamtbl' The address of a shared memory table.

'entry' The address of the entry to be written.

'entry-size'
The size in bytes of entry.

shatbl.write.entry writes a new entry into the table.

2.9 shmtbl-update

int32 shatbl.update (uhatbl)

SHMTBL.TABLE shbtbl;

'shmtbl' The address of a shared memory table.

shatbl-update locks the specified shared memory table for writing, swaps the read and write
buffers, increments the version counter, and unlocks the table.

2.10 shmtbl.dump

void shmtbl-dump(shmtbl, string, dump.locks)
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SKNTBL.TABLE suatbl;
char *string;
int32 dump.locks;

'shatbl' The address of a shared memory table.
'string' Specifies the procedure name

'dump.locks'
Specifies whether locks should be dumped

Prints out a cryptic one-line summary about the current state of the table.

2.11 shmtbl-error

char * shatbl-error()

Returns an error string for the last error in the libshmtbl.
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1 Overview

Libamokedit is a library which implements a smoke mission editor. The editor will be used to
create, delete, change, and start smoke missions. It contains four editables. The first editable,
SMOKEMISSION, displays the name of the "current" mission, and has a button to push to create
and delete smoke missions, and a menu of created missions. There is a Scale editable (in integer
format) which specifies the number of grenades to launch. The next editable is a CHOOSE.ONE
list of smoke types, of which we only have one for the time being (red phosphorus LSAl). The next
editable is a Place editable where the user clicks on the map to designate the location at which to
drop the smoke grenades. The last editable is a TOGGLE editable that says "Launched/Waiting"
which the user will select to start the smoke mission. A dialog box will come up to ensure the user
knows this will start the mission. The user will not be able to cancel a mission once it has started
and he will not be able to re-use a mission. However, it will be easy to create duplicate missions
because the next time he creates a mission it will default to the parameters of the previous mission.

One future enhancement will be to include a time editable to plan missions in advance. This
should be done when HHour is implemented.

The smoke missions will be stored in a UnitClass PO, with type diffuseMatterMediumSmoke.
Cloud. The number and type of smoke grenades will be stored in the munitions array. The name
of the mission will be stored in the formationTemplate and the location in the location field. When
the user starts the mission, the shouldBeSimulated field will be set to notify a back end to start
simulating the smoke. Although not completely clean, this design was the easiest way to introduce
smoke into the PO protocol in a short period of time. Another enhancement would be to add a
new type of PO PDU for smoke missions.

1.1 Examples

Look in test. c; for a sample program using libamokedit. The file msokedit. rdr describes an
editor containing a smoke mission editor.
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2 Functions

The following sections describe each function provided by libsmokedit, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 sme-init

void neoinit(data.path, flas)
char *data..path;
uint32 flag.;

'data.path'

Specifies the directory path in which to look for the reader file.

'flags' Specifies the flags to use in the reader-read call to open the reader files.

smteinit initializes libsmokedit. Call this before any other libsmokedit function.

2.2 sme.create-editor

int32 ne.create.ditor(gui,senaitive, select. tactuap, tcc,
map.eraae.gc, refresh.event, db, ximuaddr)

SGUI.PTR gui;
SISTVEVINDOV.PTR sensitive;
SELBCTJ.TOOLPTl select;
TACThAP.PTt tactap;
COORD.TCC.PTR tcc;
cC map.ase.gc;
CALLBCK.VEUT.PTR refrosh-event;
PO.DATABASE *db;
SimlationAddress *si.addr;

'gui' Specifies the SAF GUI
'sensitive'

Specifies the sensitivity window
'select' Specifies the selection tool

'tactWp' Specifies the tactical map
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',tcc' Specifies the coordinate system

'uap..eraa.4c'
Specifies the GC used to erase on the tactical map (same as that passed to
tactmap.create)

'refreah-event'
Specifies the event which fires upon map refresh

Wdb Specifies the PO database.

'sla..addr'
specifies the simulation address of the local workstation.

m..croat....ditor creates a smoke mission editor and makes it available via the select editor.
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1 Overview

LibStatMon provides a user interface for monitoring unit status. It provides a facility whereby
tasks can register functions to generate user-readable status messages based upon internal task
state (see Section 3.2 fstatmon'register], page 7).

At program startup, another editor (in ModSAF, the Unit Operations editor) initializes libStat-
Mon. This does little more than set the stage for more operations at run time. Also at startup,
each task which has state which is shared (via the PO database) can register a function which is
capable of translating this binary representation to a human-readable string.

Later, when the program is up and running, the controlling editor passes libStatMon a unit ID
for monitoring. LibStatMon installs callbacks for various libPO events, so that it can update the
status display whenever the tasks change.

The status monitor creates a Motif RowColumn widget for each opaque task frame in the
monitored unit's stack, and one for its background frame. Each task in the task frame (for which
a status function has been registered) is given a Widget in this RowColumn. In the topmost
stack frame and the background frame, these are toggle buttons, in other frames they are labels.
Status messages are generated and displayed for running tasks for which the toggle button has been
selected.

Although the toggle buttons appear to be per-task, they are actually selecting status on a per-
SAF-Model basis. That is, once the Vehicle-Follow-Route task has been selected for a unit; that
task will default to being selected whenever it is active in a task frame for a selected unit (until the
user explicitly chooses not to see that status message). This information is saved on a per-status-
monitor basis, so that if more than one status monitor were create in a single ModSAF system,
each would act independently.

As a mission progresses, the number of tasks and task frames which a unit uses changes. How-
ever, libStatMon never destroys a widget. Instead, it manages and unmanages widgets as they are
needed, and changes their labels to reflect specific task names. This should reduce fragmentation
of X server memory (a common problem when the display is not stable).
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2 Usage

The software library 'libstaton.a' should be built and installed in the directory
'/camon/lib/'. You will also need the header file 'libstatnon.h' which should be installed in the
directory '/camon/nclude/libinc/'. If these files are not installed, you need to do a 'take' in
the libstatmon source directory. If these files are already built, you can skip the section on building
libstatmon.

2.1 Building Libstatmon

The libstatmon source files are found in the directory '/ccmon/libsrc/libstaton'. 'RCS'
format versions of the files can be found in '/nfs/coion.src/libsrc/lbstauon'.

If the directory 'cosoon/lbsrc/lbstatoon' does not exist on your machine, you should use
the 'genbuild' command to update the common directory hierarchy.

To build and install the library, do the following:

# cd coamon/libsrc/lbstaton
* co RCS/*,v
# stake instan.

This should compile the library 'libstatmon. a' and install it and the header file 'libstatton.h'
in the standard directories. If any errors occur during compilation, you may need to adjust the
source code or 'Nakefile' for the platform on which you are compiling. libstatmon should compile
without errors on the following platforms:

* Mips

2.2 Linking with Libstatmon

Libstatmon can be linked into an application program with the following link time flags: '1d
[source .o files) -L/couinon/lib -1statmon [other NodSAF libraries)'. If your compiler does
not support '-L' syntax, you can use the archive explicitly: 'id [source .o file] /comon/llb/llbstatmon.

Libstatmon depends on libpo, libcoordinates, and libsched.
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2.3 Examples

The following code segments appeared in an early version of the vehicle-level target assessment
task. The function status translates the contents of the task to a user-readable format. Note
the use of edt-format to format the vehicle ID in a standard fashion. *dt.foriat should be
used whenever possible, to provide a consistent interface (see section 'edt.format' in LibEditor
Programmer's Manual).

8include 'libvas.local .h"
Uincludo <libstatmon.h>
Sinclude <libeditor.h>
Sinclude <stdxt.h)
*include <p.safodels.h)

static void status(task, state, taskid, context, description)
TaskClaas *task;
TakStat*Jass estate;
ObjectID etaskid;
STATWOI.COITEZT *context;
char descriptionO;{
VASSESS.STATK *statevars a (VASSESS-ST LZ ,)state-)data;
char *d;
int32 i;

switch (statevars->state){
default:

sprlntf (description, "lot running");
break;

came suspended:
sprintf(description, "Suspended");
break;

case looking:
sprintf(description, "Looking for a target");
break;

case reevaluating:
edt.format(contezt->gui, description,

"Best target is Sv, using #S (permission U)",
&statevars->recmandat ion. target,
statevars->reccmendation.weapon,
vas..permission.string(shared->

state.recomendatiom.pernission));
break;

}

void vas-..iit ()
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uint32 before-taska (1J;

botore-tasks[OJ w SNSpotter;

vassesu..iuit-fm(SN-VAsuous,
NULL, I. predicate *
1, before-task@, I. before .
0, NULL /* after .

vasu-init-acceuu 0;
vams-init.par ams (;

statonregiter(SNVAssess, "Target Assesment" * status);
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3 Functions

The following sections describe each function provided by libstatmon, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 statmon-init

void statmon.init ()

statmon-init initializes libstatmon. Call this before any other libstatmon functions.

3.2 statmon-register

void statmon.register(saf.model. n , status)
uint32 saftaodel;
char *now.;
STATNOi-STATUS.FUNCTIOI "atuu;

'saf nodel'
Specifies the SAF model implemented by the task (from 'p.safmodels .h')

'name' Specifies the user-readable name of the task

'status' Specifies the function to translate task state variables to a descriptive message

statmon.register registers a status function with libstatmon. This should be called by any
task which has state which might be meaningful to the user. The name is copied into allocated
memory.

The status function should be declared as follows:

static void status(taak, state, tauk-d, context, description)
TaskClass *task;
TaslStateclass *state;
ObjectID *task.Ad;
STATNONCOWUT *context,
char description 0;



8 LibStatMon Programmer's Guide

To failitate useful messages, the Object ID of the task, the PO database, and the GUI (which

cam be used by libEditor to do type conversions) are all pased as well (see section 'edtformat' in
LibEditor Programmer's Manual). The resulting string should be returned in description (a 10K
character buffer). The string should not start with the task name (that is done automatically), nor
should it end with a %n. It should be NULL terminated.

LibStatMon translates embedded newlines into vertical bars (1), for readability. However, you

can force a newline in the output by using \\n within your string. For example:

.dt.foz'a (contxt->gui. description.
"Bet target is v\\nUsing IS",
&statevars-)reommaedation. target,
tatevars->reco mendation. weapon);

The context structure is declared as follows:

typedef struct statmo..context

ADDRESS gui;
PO.DATABASE *db;
COORD.TCC.PTh tcc;

} STATKOI.CONTT;

In the future, this structure could expand to include other context information which may be
needed by tasks to generate useful messages.

3.3 statmon.create

STATNON.WL.PTR statoon.create(context, controls.rc, twex.disply,
nornal.rie..btn , reaction.resue..btn,
cancel.btn reaction.btn)

STATICOIEITD scoutext;
idget controle.rc;

Vidget ten.diply;
Vidget normal.reue.btn;
VidgOt react ion.remee.btn;
Vidget cacel.btn;

idget reactionobtn;

'context' Specifies the system run-time context
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'Controls.rc'

Specifies the Motif RowColumn widget in which the controls are to be placed

't.t..disply'
Specifies the Motif Text widget in which status is to be displayed

'noua.rnme.btan'
'react ion.rsua..btn'

Specify buttons which are to be sensitive when the unit is executing a resumable task
frame. Only will be managed, depeding upon whether the unit is executing a reaction.

'cancel.bta'

Specifies a button which is to be sensitive when the unit is executing a cancelable

override
'cancel-bta'

Specifies a button which is to be sensitive when the unit is executing a reaction

staton.create creates a status monitor GUI. The rue..bt, if non-NULL, will be made

sensitive whenever the currently monitored unit has a resumable mission (a task frame stack with

depth > 1). The cancel.bt, if non-NULL, will be made sensitive whenever the currently monitored

unit has a cancelable override (a non-preprogrammed transparent frame).

3.4 statmon-enabie

void stacumn-enablo(statmon, unit..id)
STATNOI.GU!.PTh stauon;
ObjectlD *unit-id;

'staton' Specifies the status monitor

'unit-id' Specifies the unit to monitor

stazaon.nable enables the status monitor, and assigns the unit to be monitored.

3.5 statmon.dinable

void statmon.disable(statmas)

STAThON-GU.PTR statmon;

'statnon' Specifies the status monitor
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utaum-disable, disables the status monitor.
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1 Overview

Libstealth provides libentity-like functionality for interacting with stealth views. In this model,
stealths (both remote stealths, and local stealth-preview views) are placed in the vehicle table, and
given a VTAB..RBNL.STRALTH or VTAB.LOCALSTEALTH vehicle type. Applications can interact
with all stealths the same way, regardless of their type. In the future, this library may be extended
to support different network stealth protocols as well.

The stealth (also referred to as the Flying Carpet) presents a three-dimensional view of the
simulated battlefield. Data packets projected onto the appropriate network exercise allow the
objects they represent to be viewed on the stealth. Much of the libstealth code deals with stealth
protocol packets.

The haphazard nature of the current stealth protocol (as defined in
file~common/src/protocol/p.stlth.drn}) limits the ability of this library to provide a simple inter-
face. Commands to teleport, attach, and set the mode (tether, orbit, free fly, etc) of the stealth
are all separate, despite their dose relationships. Furthermore there is very little feedback from the
stealth about its current operational status. Future stealth work should correct these problems, at
which time the interface to this library will probably be improved.

1.1 Attachment Modes

Currently there are five ModSAF stealth attachment modes:

tether The stealth is attached to a vehicle at a certain distance and bearing. The stealth
moves with the vehicle, changing its speed and direction automatically as the vehicle
does. The spaceball movements allow the stealth to free fly relative to the vehicle, not
the terrain.

compass The stealth is attached to a vehicle at a certain distance and bearing. The stealth
moves with the vehicle, changing its speed automatically as the vehicle does. However,
the stealth will not change its direction. It remains facing the same direction even if
the vehicle turns. The spaceball movements allow the stealth to free fly around the
vehicle.

orbit The stealth is attached to a vehicle at its center of mass. The stealth always moves with
the vehicle. The spaceball movements allow the stealth to spherically travel around
the vehicle which remains in the center.
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mimic The stealth becomes imbedded with the target vehicle, inheriting all components of
velocity and orientation. The spaceball movements allow the stealth to slew its view
up and down and to yaw around the Z axis of the target vehicle to facilitate viewing
in all possible directions.

free fly The stealth moves with the dynamics of an airplane. The stealth is not attached to
any vehicle or terrain location. The spaceball movements allow the stealth to free fly
around the terrain.

1.2 Algorithms

When ModSAF receives a stealth appearance packet, the last appearance time for that stealth
is updated so that the stealth's time out clock can be reset. If enough time elapses (10 seconds)
without a new stealth appearance packet, the stealth will be removed from ModSAF's vehicle
table. ModSAF extracts the stealth's position and direction from the stealth appearance packet.
The ModSAF Station needs this libstealth user data when drawing the PVD arrow icon which
indicates the current location and azimuth of the stealth.

When a stealth attached packet is received, libstealth examines the vehicle table for vehicles
with type, VTAB.REMOTE.STEALTH, to locate a stealth with the same simulation address as the
sender. This needs to be done since the vehicle ID of the stealth is not part of the stealth attached
packet. If an appropriate vehicle.id can not be found, libstealth ignores the packet. Otherwise, the
libstealth user data is marked with the vehicle ID that the packet identifies as the stealth's current
attachment vehicle. The stealth attached packet is sent by the stealth whenever the stealth becomes
attached to a new vehicle (no matter whether this was caused by a packet sent from ModSAF or
a stealth user's input. It is also sent by the stealth whenever it ceases to be attached to a vehicle,
for whatever reason ( a new attach packet from ModSAF, entering independent velocity mode,
attached vehicle vanishing, etc). In this case, the 'detached' field is set to TRUE.

A ModSAF user can request a stealth teleport. Since the local preview views do not support
the stealth protocol, the method used for teleport differs between LOCAL and MUSOTE stealths.
For local preview@, teleports are performed by invoking a callback function provided at program
initialization; this callback subsequently invokes a function in libpreview to perform the teleport.
For remote stealths, a Teleport PDU is sent via libpktvalve to the stealth to cause it to move to a
new location and/or assume a new orientation.

A ModSAF user can request a stealth attachment to a vehicle. Since the local preview views do
not support the stealth protocol, the method used for attaching differs between LOCAL and RUIOTE
stealths. For local previews, attaches are performed by invoking a callback function provided at
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program initialization; this callback subsequently invokes a function in Ubpreview to perform the
attachment. For remote stealths, a Visibility PDU is sent via libpktvalve to the stealth to send
it the exercise id. Then a Teleport PDU is sent using the position of the targetid retrieved from
libentity as the teleport location. Then an Attach PDU is sent to cause the stealth to become

attached to the indicated vehicle.

A ModSAF user can request a change in stealth attachment mode. Since the local preview views
do not support the stealth protocol, the method used for mode change differs between LOCAL and

RKOM stealths. For local previews, mode changes are performed by invoking a callback function
provided at program initialization; this callback subsequently invokes a function in libpreview to
perform the mode change. Fbr remote stealths, a Metamorphose PDU is sent via libpktvalve to
the stealth to cause it to assume a particular attach mode while attached to a vehicle.
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2 Functions

The following sections describe each function provided by libstealth, including the format and

meaning of its arguments, and the meaning of its return values (if any).

2.1 stealth-init

void stealth.,init(valve. protocol)
PV..VALVE..PTh valve;
int32 protocol;

'valve' Specifies the packet value

'protocol'
Specifies the protocol to use (SIMNET, DIS 1.0, DIS 2.0, etc.)

stealth-.init initializes Ilbstealth. Call this before calling any other libstealth functions.

2.2 stealth -clas-init

void stealthk-clasu.,init (parent..class)
CLAW-.PTh parent..class;

'parent.class'
Identifies the parent dlam for per-stealth information (probably satobj-.class).

stoalth..class-init creates a handle for attaching stealth class information to vehicles. The

parent-.clasts is one createdl with claas..doclar...class.

2.3 stealth-.create

void stealtl..create (vehicle- d, deactivate-1cn)
1nt32 vehicle..id;
void (.deactivate.fcn)(I* 1nt32 vehicle..id *)
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Specifies the vehicle ID

'deactivate.Jcn'
Specifies the function to call if the stealth deactivates

stealthcreate creates the stealth class information for a stealth and attaches it to the stealth's
libclas user data.

2.4 stealth-.destroy

void stwat..destroy(vehicl...id)
1nt32 vehicle-4d;

'vehicle-.id'
Specifies the vehicle ID

stealth-deatzoy fr-ees the stealth class information for a stealth.

2.5 stealth-.tick

void stealth..tick(vehicl...id)
1nt32 Vehicl...id;

'vehicle..id'
Specifies the vehicle ID

stealth-tick checks the stealth for network time out.

2.6 stealth -app earan ce -eceived

void stmat..appearaace..receivod(vehicle-id packet)
la332 vehiclo-id;
PY-ACKET *packet;
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'Vehicleid'

Specifies the vehicle ID

'packet' Specifies the packet (from libpktvalve)

utealth.appearance.received informs the stealth of a received appearance packet.

2.7 stealth Jet.preview

void stealtbh.set.preview(vehicle.id, preview-number, preview.user.data,
eeoport, attach)

int32 vehicleid;
int32 preview.number;
ADDPUS preview.usordata;
void (*teleport) (/ user-data, position[3], angle */);
void (*attach)(/* user.data, targetid, mode /);

'vehicloid'
Specifies the vehicle ID

'preview-number'
Specifies the serial number of the preview

'Preview.user.data'
Specifies user data which uniquely identifies the preview

'teleport'
Specifies a function to call to teleport the preview

'attach' Specifies a function to call to attach a preview (the mode is one of the dynamics modes
from 'p..ltlth.h').

stealth.set.proview sets parameters for local stealth view.

2.8 stealth-update-preview

void stmalthupdate.proviow(vehicleid, position, direction, attaclment)
int32 vehicleid;
float64 poitionE31;
float64 direction[C3];
1nt32 attachment;
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'vehicle-id'
Specifies the vehicle ID

'position'
Specifies the preview's position

'dirOction'
Specifies the preview's direction

'attacbment'
Spedfies the vehicle to which the preview is currently attached (or 0)

sa lwthz.update.previe updates changing data regarding a local stealth view.

2.9 stealth -et.-position

void stealth-.gotposition(vehicle.id, position)
1ntIV vehicle-id;
float64 position [33;

'vehicle.id'
Specifies the vehicle ID

'position'

Returns the position

stealth.get.position gets the position of a stealth vehicle.

2.10 stealth -etdirection

float:64 rsll".hgetodt~reton (vehicle. td)

1nt32 vehicle.id;

'vehicleid'
Specifies the vehicle ID

otealthget-.direction gets the direction of a stealth vehicle.
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2.11 stealth -et -attachment

int32 stealth.get.attachnaot (vehicle. id)
in%32 vehicl.id;

'vehicle.id'
Specifies the vehicle ID

stealth.-ge.attacment gets the current attachment of a stealth vehicle (not guaranteed to
be correct). Returns 0 if unknown or not attached.

2.12 stealth.attach

void stealth.attach(vehicle.id, tazgrt.id)
int32 vehicle-id;
int32 target id;

'vehicle.id'
Specifies the vehicle ID

'target.-id'
Specifies the target of the attachment

stoalth.attach attaches a stealth to another vehicle.

2.13 stealth.set-n ode

void stoalth..set.odo(vehicle-id, mode)
int32 vehicle.jd;
int2 mode;

'vehicle.id'
Specifies the vehicle ID

'mode' Specifies the mode

stoalth-set.node sets the mode of the stealth to one of the choices for the
NeMatorphoseVariant in 'p.s"tlth.h'.
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2.14 stealth -elep ort

void stealth..to1.port (vehicle..id * location,* azimuth)
int32 vehicl...id;
floats4 locationE33J;
f loat" azimuth;

'vehicl...id'
Specifies the vehicle ID

'location'
Specifies the location

'iazimuth' Specifies the azimuth

stealth..teleport teleports a stealth to a new location & azimuth.

2.15 stealth -et.p review..-number

int32 stealth-et.preview..nuber(vehicle..id)
int32 vehicle-.id;

'vehicle-id'
Specifies the vehicle ID

stoalth.get.previe..nunber gets the preview number associated with a local stealth view
(returns 0 for remote stealths).

2.16 stealth -et.-color

1nt2 stmath.gt-color (vehicle-.id.)
iut32 vehicle..id;

'vehicle-id'

Specifies the vehicle ID

stealth-get-color gets the force ID associated with a stealth. Each stealth is assigned a
different force ID when it is received to allow visual distinction of different stealth views on the

PV D . ....-----
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1 Overview

Libsupplies provides a simple facility for supply management within a vehicle simulation. The
vehicle sub-class maintains a list of munitions, and the amounts of those munitions. A negative

amount signifies that the amount is never decremented. A single type of mu.rdtion may be stored
in more than one place. Functions are provided to check the levels of a given supply, to set the
supply levels explicitly, or to decrement the amount of a supply.

The initial levels are specified in the vehicle's configuration, as follows:

(supplies (<unition integer) (quantity float. <auto.resupply charptr>)
(cimition intger) (quantity float> <auto.resupply charptr))

)

Note that the first appearance of a munition goes in store 0, the second in store 1, and so on.

The meaning of store numbering depends upon the components. The auto.resupply variable can
left out or set as unlimited.
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2 Usage

The software library 'libauppli.. . a' should be built and installed in the directory
'/camonllib/'. You will also need the header file 'libsupplies .h' which should be installed in
the directory '/camson/include/libinc/'. If these files are not installed, you need to do a 'make'
in the libsupplies source directory. If these files are already built, you can skip the section on
building libsupplies.

2.1 Building Libsupplies

The libeupplies source files are found in the directory '/conllibarc/libsupplion'. 'RCS'
format versions of the files can be found in '/uts/ccm-..rc/libsrc/libupplieu'.

If the directory 'co/libsrc/libupplieu' does not exidst on your machine, you should use
the 'genbuild' command to update the common directory hierarchy.

To build and install the library, do the following:

0 cd ccvo n/liboc/libsupplies
* co, aCs/.,v
# ake install1

This should compile the library 'libsupplies . a' and install it and the header file
'libsupplies. h' in the standard directories. If any errors occur during compilation, you may need
to adjust the source code or 'Nakef ii.' for the platform on which you are compiling. libsupplies
should compile without errors on the following platforms:

0 hops

e SGI Indigo

0 Sun Sparc

2.2 Linking with Libsupplies

Libsupplies can be linked into an application program with the following link time flags: '1d
[source .0 o fles -L/cammon/lib -isupplies -lvtab -iclass -1xdrconst -ipar
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-ireader -11'. If your compiler does not support '-L' syntax, you can use the archive explicitly:
'id [source .o ftiles] /coolib/libsupplies. a'.

Libsupplies depends on libclass, libvtab, libparmgr, and librdrconst.

2.3 Examples

To check if there is fuel, after running out of gas:

if (uupp..get-.mount(vehicle.id. munition..Fuel. 0) != 0.0)

tracked-)utate a TROXEDSTATE-VNALTHY;
capnt..available (vehicle- id. SR..Trackedlull, TRUE);

To use some fuel:

if (supp-decreisent(vehicle..id, uuitionj.uel, 0,
dt * speed / tracked->parsws-)fuel.uaage..up) mm0.0)

tracked- )state a TRACKDSTATLIGGASW
capnt-.available (vehicle..id, SK..Trackedlull, FALS)
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P 3 Functions

The following sections describe each function provided by libsupplies, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 supp..anit

void supp..iuit()

suppinit initializes libsupplies. Call this before calling any other libaupplies functions.

3.2 supp..clasa-init

void supp.classuiait(parent.class)
CLASS..PTh parent..claau;

'Waent-.class'
Class of the parent (declared with claau..declaz...clams)

supp.clas-init creates a handle for attaching supplies class information to vehicles. The
parent..class is one created with cas.elr.cas

3.3 supp-.create

void supp-.crat(vehicl...id, par=.)
int32 vehicle..id;
SUPPLIES.PAAANKTRIC..DATA *par=a;

'vehicl*-id'
Specifies the vehicle ID

'par.' Specifies the initial parameter values

wupp.creat. creates the supplies class information for a vehicle and attaches it to the vehicle's
libdaus user data.
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3.4 supp.destroy

void supp.destroy(vehicle.-id)
int32 vehicle-id;

'vehicleoid'
Specifies the vehicle ID

supp.destroy frees the supplies class information for a vehicle.

3.5 supp.set-quantities

void supp..tquantit Los (vehicle. id, n.quantit ies, quantities)
int32 vehicle.id;

;nt32 n.quantitieo;
NunitionQuantity *quantities;

'vehicle.id'
Specifies the vehicle ID

'n.quaItieo'
Specifies the number of quantities available

'quantities'
Specifies a list of munition quantities

supp.soat.quantities sets the quantities of each supply to that specified in the array of
NunitionQuntity. The order of munitions is significant (they are assigned to stores in order).

3.6 supp-get.quantities

void suppget.-quantities(vehicl.id, n.quantities. quantities)
int32 vehicle.id;
int32 n.quan: it les;
NunitionQuantity equantities;

'vehice.-id'

Specifies the vehicle ID
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'n.quatitie'
Specifies the number of quantities desired

Returns a list of munition quantities

supp ..gtquantities gets the quantities of each supply. n.quantitiu identifies the number
of quantities expected (any unused spaces will be filled with zeros).

3.7 suppJet..all.full

void supp.set.ll-full (vehicle. id)
int32 veiclo.4d;

'vehicleid'
Specifies the vehicle ID

supp.-t.al.l.full restores every quantity to the initial level specified in the parametric data.

3.8 supp.set.percent

void supp..st.percent(vehicle.id, unition, store, percent)
int32 vehicloid;
uint32 mnition;
int2 store;
float64 percent;

'vehicleo.d'
Specifies the vehicle ID

'mition'
Specifies the munition type

'store' Specifies the store number

'percent' Specifies the percentage (100.0 i full)

npp.set.percent sets the specified mition (in the specified store) to the specified percent
of the amount set in the parametric data.
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3.9 suppget.amount

float:4 supp4..amount(vehicl.id, munition, store)
int32 vehicle.id;
uint32 iunition;
int32 store;

'vehicl.e.id'
Specifies the vehicle ID

IMuitioa'
Specifies the munition type

'store' Specifies the store number

supp4eta.unt returns the amount of the specified munition (in the specified store) which

is currently available. If the amount is negative, which signifies automatic resupply is set, the

absolute value of the amount is returned.

3.10 supp-get-max-amount

float" supp-get.m..aoun% (vehicle Id, munition, store)
Int32 vehicle.id;
u/n32 manition;
int3 store;

'vehicle.id'
Specifies the vehicle ID

mit ion'

SpeciM the munition type
'store' Specifies the store number

suppst..mout returns the amount of the specified munition (in the specified store) which

would be available if the vehicle were fully loaded.

3.11 supp.decrement

float64 supp..docemmt(vehicle..id. munition, store, quantity)
ntu32 vehicle.id;
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uint32 munition;
intS2 store;
float64 quantity;

'vehicl...id'
Specifies the vehicle ID)

'immition'
Specifies the munition type

'store' Specifies, the store number
&quantity'

Specifies the amount to use

supp..dwcrsmt decrements the specified ianition (in the specified store) by the specified
amount and returns the amount remaining. This happens only if the auto-resupply variable is NOT
set. Hf the amount is negative, meaning the auto..resupply variable is set for the specified unit ion,
supp-docremnt returns the negative of the amount.

3.12 supp..aet..qty

int32 supp..uet.qty(vehicle.id, munition, store, quantity)
int32 vehicle..id;
uint32 uition;
1nt32 store;
float64 quantity;

'vehicle-id'
Specifies the vehicle ID

'munition'
Specifies the munition type

'store' Specifies the store clumber

'quantity'
Specifies the amount to use

supp-set.qty looks for the specified munition (in the specified store) and sets it to the speci-
fled quantity. Negative quantities are allowed, and will signify an unimited supply of the specified
amount. The following error values can be returned:

'SUwjrrETVUijv'
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the vehide waa not found.

'SJPP-SET-SMh"3F
the specied munition/store was not found.

'mw..sx-jouz'
The specified munition/store was set.
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Chapter 1: Overview

1 Overview

LibTactMap provides a flexible 2D map drawing facility. An application can create an arbitrary
number of maps, and specify terrain and other features for display. Some terrain features and all
other features can also be made sensitive (and optionally hot, and dragable) using libSensitive. The
map drawing routines are optimized for speed, and map redraw can span multiple ticks to facilitate
use in conjunction with real time simulation (within a single process).

The following are the terrain features which an application can display:

TACTnRAP.PSO
Hypsometric background

TACTUP.VATME
Rivers and lakes (includes any polygon defined by its soil type, including no-go and
slow-go terrain).

TACTAP.RDADS
Roads

TACTRAP.-T3
Trees, tree lines, and tree canopies

TACTKAP.JUILDINGS
Buildings, power pilons, other structures

TACTXAP.PIPELINMM
Pipelines

TACTAP.POLITICAL
Political Boundaries

TACTNAP..ILI WADS
Railroads

TACTAP.POWLIUS
Powerlines

TACTRAP.CORMOUUS
Contour lines

TACTNAP.TOIWS
Towns

TACTAP.GRIDS
Grid lines

In addition, an application can create an arbitrary number of the following objects:
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TACTNAP..LIIMLR
Linear objects (routes, minefields, etc.); the application specifies the vertices (in me-
ters), line style, width, and GC.

TACThA-.PIIA
Pixmaps; the application creates a pizmap and gives it a location (in meters).

TACTK*P.PICTUUE
Pictures; the application provides a definition using the picture language described
below, GCs, and coordinate system transforms.

TACTKAP.DRAVN
Objects the application draws itself;, the application provides a function which is called
to draw the object whenever the map is updated.

TACTNAP.TEZT
Text; the application provides a the string, location, GC, and some options.

TACThAP..GR
BGR Icons; the application provides an object type, an optional definition using the
BGR language, a GC, location (in meters), a call sign, and rotation.

TACTh*P.LIES-INTERYIS
Line intervisibility; the application provides a two points the viewers agl, the targets
agl, the targets height and width, the tree-opacity, and any vehicles between the two
points. The visibility will be colored in a line from the first point to the second point.

TACT1IP.ARAINTVrS
Area L-ttervisibilty; the application provides a 2-D center point, a radius, the viewers
agi, the targets agi, the targets height and width, the tree-.opacity. The visibility will
be colored in an area circle defined by the center point and the radius.

Individual attributes for each type of object are defined using the following structure:

typedef union tactuap..object-dfn

struct tactmaep-.hypso

TAC11I*P..YPSO-.KIND kind;
}hypso;

struct tactuapswater

TACTXAP.SSITIYL-OPTIONS sensitive;
}water;

struct tactuap..roada

TACTNAP.SESITIVL-OPTONS sensitive;
}roads;

striact tactmap-treeu
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TACTAPSUSITIVE-OPTIOIS sensitive;
uint32 mask;

}trees;
struct tactmap..buildings

TACTKUP..SENSITIVE-OPTIONS sensitive;
}buildings;

struct tactmap..pipelines

TACTKAP.SESITIVE-OPTIOIS sensitive;
}pipelines;

struct tactaap..political

TACTKAPSUNSITIVE-OPTIONS sensitive;
3political;

struct tactmep-.railroads

TACTKAP.SEISITIVE..OPTIONS sensitive;
3railroads;

struct tactmap-powerlines

TACThP.SEISITVL OPTIONS sensitive;
3powerlines;

struct tactusp-.contours

{ la6 iorsaig
floate4 ajor-.spacing;

3contours;
struct tactmp.tou'ns

TACTAPSSITV-oMroNS sensitive;
}towns;

struct tactap-,grids

int32 interval;
uint32 label.iask;

}grids;
struct tactmap-linear

TACTKAP.SUSITIVE-OPTIONS sensitive;
LineStyle style;
uiat1O dashed;

uintl6 thickness;
uint32 forward-.arrow;
uint32 backward-.arrow;
uint32 width;
CC gc;
int32 n..vertices;
float64 *vertices;
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}linear;
utruct tactaap..pizeap

TACTKAP.SESITIVE-OPTIONS sens it ive;
float64 x, y;
uint32 width;
uint32 height;
Piuap pluap;

}pimap;
struct tactamp.picture

TACTNAP.SESITIVE-OPTIOIS sensitive;
uint32 dashed;
READER-,UION *dfr;
int32 nu3..gcs;
CC gca tTACTKAP-IAX_.GcSJ;

char *string;
1nt32 highlight;

int32 uu.cuyutmui;
struct tactuiap-csystes

int32 parent.systin;
floats4 angle;
flost64 dinensionu(2.1;
f loats4 origin [2J;

}csysteoisTACTKAP..KAX.CSYSTEKSJ,
}picture;

struct tactuap..draun

TACTKAP..SENSITIVE..OPTIONS sensitive;
TACTKAP-RAV.CALI.BACK draw;
ADDRESS draw..arg;

}drawn;
struct tact~ap.tezt

TACTKP.SUITIVE-OPTIONS sensitive;
CC gc;
IFontStruct *lout .. truct;
floats4 z, y;
uiu~t32 uee..through;
TeztAlipmmt alignmet;
intle horizontal-.offbet;
iut 16 vertical..offset;
char *string;

}tezt;
struct tactmnp-.bgr

TACTKP.SESITIVE-OPTIONS sensitive;
floatM z, y;
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float64 rotation;
int32 override;
READER-UNION *dfn;
ObjoctTyps object-.type;
int32 size;
int32 line-thickness;

uint32 dashed;
char call-sip(TACTAPJAZ.CALL..SIGIJ
int32 highlight;

c gc;
}bgr;

struct -tactinp-.lineintervis

float64 poiutlt23;
floats4 point2 (2];
float" viewer-agi;
float64 target-agl;
float" target-.width;
floats4 target-.height;
float" tree-.opacity;
int32 n..veh;
CTD..VUICLE-LOCATION *veh;
int32 ignorel;
int32 show-.prcent ages ;
int32 grid-.interval;

}line-.intervis;
struct tactp W area..intervis

floats4 center..point[23;
float" radius;
floats4 viewer..agl;
floats4 target-agi;
floats4 target-.height;
floats4 target-wuidth;
floats4 trea..opacity;

}area-.intervis;
1* Generic reference to a sensitive class /

TACI1APJEI5!TVEOPTIOIS sensitive;
}TACTflIP.ODJEC=.D71;

With only a few exceptions (TACrhAP..HTPO, TACTKAP..CONTOURS, and TACTKAP..GRIDS), any
feature can be made sensitive. The specific options are specified with the following structure:

typedef struct tactuap-seit ive-.options

SNSTYE..CLASS *class;

uintl6 instance; /0 Ignored for terrain features *
ADDRESS user-data;
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} TA MAP.SUSITIVE.OPTIOiS;

See libSensitive for the meaning of these attributes (see section 'Overview' in LibSensitive Pro-
grammer's Manual). The class, instance, and user-data are up to the application to define.
Note that for terrain features, only the class and user-data will be passed back in the callback;
the instance will be changed to the libQuad ID for that object.

The instance information given by the application is only 16 bits, whereas libSensitive provides
32. This is because libTactMap often needs to create many sensitive objects for a single user-defined
object (such as a LINEAR object, which is made up of many segments and vertices). LibTactMap

provide macros to help applications interpret the instance value received in the SISTVECALL.DATA
of a libSensitive gesture or excited callback:

TACTNAP.-IISTANCTO-.US.ISTACE(caldata->instance)
Extracts the 16 bits of instance information provided by the user from the 32 bit number

passed from libSensitive.

TACTAP.INSTAJCE.TO.INDK (call.data->instance)
Extracts the libQuad feature index from the 32 bit instance number passed from lib-
Sensitive.

TACTlAP.S..V =TZ(call.data->instance)
If the TACTNAP.CLASS of the object is TACKAP..LINEAR, this reveals whether the user

clicked on a vertex of the line.

TAClMAP.S.SSEGKUT(call.daa->instance)
If the TACTKAP.CLASS of the object is TAC'MAP.LIEA, this reveals whether the user

clicked on a segment of the line. It is the logical NOT of TACTKAPS..VERTE.

TACTW-MP..XID(call..data->instance)
If the TACTIAP.CLASS of the object is TACThAP.LIik this reveals the index of the
vertex (numbered from 0, as specified in the vertices field of the object definition) or
segment (numbered from 0 - segment n connects vertex n to vertex n+1) which was
selected.

Other fields of the object definition have the following meanings:

hypso.kind
One of the following values:

TAClAP.DITHEtHYPSO
Dithered altitude map (higher elevations are more dense).

TACI1AP.COLORJMYPSO
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Color altitude map (altitude ranges are represented by color bands; higher
altitudes within a band are brighter).

tree .ask

A bitwise OR of the following choices:

TACTKAP.TU.ZCANOPIES
Tree canopies (drawn as a hatched polygon)

TACTNA.ThM..LIM
Tree lines

TACThMAP.TR.INDIVIDUAL
Individual trees (drawn as little X's)

contours .minor.spacing
contours.major.spacin

A contour line is generated every minor.spacing meters in altitude. Those which are
(roughly) evenly divisible by major-spacing are emphasized.

grid.. interval
Interval between grid lines in meters. This is generally a multiple of 10.

grids labe1.ask
Specifies which sides of the map to label, using bits defined by libCoordinates (bitwise
OR the selection into a mask):

* COORD.IABEL.LEFT

" COoRD.LAD.RIGHT

" COORD.IADEL.TOP
* C001UDj.hLA..B0TTGN

linear, st~yle

Line style defined by the persistent object protocol
('como/lincludo/protocol/p.po .h'):

LSplain Plain line

LSfrontA, LSfrontl
Fronts (semicircles facing left (A) or right (B))

LSmine fiold, LSmine ieldAT, LSainefieldAP
Generic, anti-tank, and anti-personnel minefields (a bounding box with
various kinds of circles inside)

LSberm Berm (a collection of intersecting semicircles)

LSATDitchA, LSATDitchB
Anti-tank ditches (a line with triangle-shaped teeth facing left (A) or right
(B))

LSfortification
Fortification (looks something like a square wave)
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LSvire Wire (a line with little X's on it)

linear. dashed
Indicates if lines should be drawn using a dashed GC.

liner. thickness
Indicates the pixel thickness of lines

linear. torward-.arrow
linear .backward..arrow

Indicates whether arrows should be placed on the ends of the line.

linearwidth
Width of the line (only used for minefield variants)

linear .gc
The GC to use for drawing (some attributes, such as line width, will be modified). The
most important attribute set by the application is foreground color.

linear .n..vertices
Specifies how many vertices are used to define the fine.

linear, vertices
Pointer to x y x y.. format list of vertices. The contents of this array are copied, so it
is safe to point this to a local variable when calling tactmap.create..object(0. The
size of this army should be (linear. n.verticese*sizeof (float")).

pi~ap.z, pi~ap-y
The location of the pixmap (in map coordinates - meters).

pizuap width, pizoap.height
The size of the pixmap (in screen coordinates - pixels).

pizmap-pizuap
The pixmap to copy to the screen (assumes pixmap origin 0,0 for the copy).

picture. dashed
Indicates if lines Itkould be drawn using a dashed GC.

picture. dfn
The definition of the picture, which is described with the following language:

((interior CC index); -1 to o=it interior
(border CC index) ; -1 to onit border
<coordinate systest index),
(instunction)
<instruction>

<instruction) is one of the following:
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(block xO yO x1 yl z2 y2 ... )
(line Width zO YO yzl y ... )
(disc center.x center.y radius Ex I y I nm)
(circle width center.z center-.y radius Cx I y 1 zt)
(label center.z center.y)

z and y values are always relative to the dimensions passed in for the coordinate system;

width values ae in meters; and radius values can be relative to either dimension (z
or y) or in meters (a).

picture .him.gc
The number of GCs provided for drawing this picture.

picture .gcu
The GCs used to draw the picture.

picture .na p Iication
Picture magnification (1.0 == actual size, 2.0 == twice as big, etc.). Use 0.0 to treat

the units of definition as pixels rather than meters.

picture. string
The string to use for labels.

pictur .higbligh

Flag indicating if the picture is highlighted (non-zero), and if so, index of the gc to use.

picture .n.csysti
The number of coordinate systems provided for drawing this picture (must be >= 1).

picturo. caystM
List of coordinate systems. The first is relative to world coordinates; the rest are

relative to the first. A coordinate system is made up of the following pieces:

parem..system
The index of the parent coordinate system. Use this rne's index to be
patented by world. Note that a system may not reference a parent with a

higher index than its own.

angle The rotation of the coordinate system. 0 is down the Y axis of the ref-
erence system, and the angle (in radians) increases in a counter-clockwise

direction.

diisenmions
The scaling factor to apply to the X (width) and Y (ength) dim ons
(allows definition of generic pictures which are stretched to portray an

individual vehicle).

origin The center of the coordinate system, relative to the reference syst.m.

drain.draw
Function to call to draw this object.
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draw. dra.arg
Single argument to pass to the draudraw function.

tmrz.gc The GC to use for drawing the text. The most important attributes set by the appli-
cation are foreground color, background color and font.

tzt . ont..utruct
The font metrics for the font used in text .gc. If NLL is passed, libTactMap will look
up the ZoantStruct on it own, however, this requires a query of the X server, and could
thus hurt performance. If the application will not be changing the font frequently, it
is better if this is specified.

An application can get the ItontStruct on its own using
IQuryFot(display. GConteztFronGC(gc)). Note that this function allocates mem-
ory, so if an application changes the font used for a text object, it should free the old

structure with
IFreeFontlafo(NULL, fonu.struct, 1).

text.z, tezt.y
The location of the text reference point (in map coordinates - meters).

text. $*..through
Whether the text should be see-through. If FALSE a block around the text will be filled
with the background color of the tem.gc before drawing, as with DrawItageString.

text. aliumnt
Text alignment defined by the persistent object protocol
('com0/include/protocol/p.po.h'). The anchor point of displayed text is set via
this argument.

text. horizantal.offs.t, tezt. vertical..offset
Pixel distance offsets which are applied after the text location is converted from meters
to screen coordinates. Positive values are right and up.

tezt.utrift
The text to display. A NULL string is acceptable. Embedded newlines are handled
correctly.

bgr.z. bgr.y
The location of the icon (in map coordinates - meters).

bgr.rotation
The rotation of the icon. 0 is North, and the angle (in radians) increases in a counter-
clockwise direction.

bgr.override
If TRUE, use the supplied bp.dfn to draw the icon. Otherwise, drawn the icon based
on an algorithmic interpretation of the object.-type.

bgr.dfn An optional collection of character strings to be parsed by libBGR to draw the icon.
This field is only used if bgr.override is FALSE; This definition is in the format as
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described by libBGRDB (see section 'Overview' in LibBGRDB Programmer's Manual).

bgr.object..typ
This specifies the object.type of the object represented by this icon. This field is only
used if bpr.ovorride is FALSE.

bgr.size This specifes the approximate BGR size of the icon in pixels. LibBGR uses this to
calculate an actual size for the icon.

bpr. in.thicknes
This specifies the thickness of drawn lines in the icon. Note that the thicker the lines,
the longer libBGR takes to draw something. An odd numbered thickness (typically 3)
works best.

bgr.dashed
Indicates if the icon should be drawn dashed.

bgr.call. ip
An optional null-terminated string to be drawn as part of the icon.

bgr.h/ihl t
Flag indicating if the icon is highlighted.

bgr.gc The GC to use for drawing the icon. The most important attributes set by the appli-
cation are foreground color, background color and font.

line.inturvis.pointl, line.intervi .point2
Specifies the end points of the intervisility line.

line.intervia. viee _wer-a line.intervis. target.al
Specifies the viewer and target positions agl ("above ground level").

line. intervis. target.width, line- intvis. target height.
Specifies the height and width of the target for visibility calculations.

line.intervis. tree.opacity
Specifies reduction of visibility resulting from trees. This number is a percentage be-
tween 0 and 1.

line.intervi. .n..veh
Specifies number of vehicles passed in the vehicle structure.

1ln.e.iteryua .veh

Specifies the vehicles to use in the intervisibility calculation.

line.intervis. Ignorel
Specifies a vehicle to ignore. This is used when performing a vehicle to vehicle inter-
visibility calculation to ignore the vehicle we are looking at.

line.intervi. show-percentages
Specifies whether we display should show percentages. Used to determine whether a
point to point or vehicle visibility is being calculated.
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prid-interval
Specifies the current grid interval on the screen. Used to determine how to draw the
tick marks on the visibility line.

area.Antervi. center-point
Specifies the center point for the are intervisibility.

areaintervis .radius

Specifies the radius of the we intervisibility

area.ntervia .viewoer-I, area.intorvi, target-agi

Specifies the viewer and target positions ai ("above ground level").

area intervi .target.uidth, area. intervi .target..height,
Specifies the height and width of the target for visibility calculations.

area-intervis .tre.opacity
Specifies reduction of visibility resulting from trees. This number is a percentage be-
tween 0 and 1.

The drawn.draw callback should be defined an follows:

void draw.callback(uidget, drawable, draw.arg, boundary)
Vidget widget;
PLump drawable;
ADDRS draw-.arg;
loctang.e sboundary;

The function should draw onto the window ZtVindow(widget), and return the boundary of
what was drawn in boundary. It is the application's responsibility to determine if the object is
visible (hint: use tactmap.ap.to.scr..n). An object which is not drawn (probably because it is
off the screen) should return a boundary with width and height of 0.
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2 Examples

A complete example can be found in the test program 'test. c' in the libtactinap source direc-
tory. A couple brief examples awe given here.

Assuming the tactical map has been created, display roads, and make them hot:

eztern TACTKAP..PTR uy..tactua;
extern SNSTWVKAASS road-.class;
TACTNAP-DBJECT.DFN dta;
TACTNA6P..O3JKCT..PTh roads;

SMSTVILILCLAS (roadclass);
road..claa .s aensitive a 1;
road-clasu .hot w 1;
baero(kdfn. sizeof (dft));
di. .roads . sens itive . class a ftoad..class;
roads a tactiap..create..object(uy-.tactnap. TACTKAP-JOAD. Adfn);

tactmap.dd..obj act (ay.tacWa, roads);

To translate the location'of a mouse click to map coordinates:

extern TACTKAP..PTh uy..tactmp;
int32 scremm..z. screen-y;
floats asap.z, s ap..y;

screen.z a zweet-)zbutton.z;
screem..y a zovent->zbutton.y;
tactsap.screem..to..aa(uy.tactuap. screen-... screen-.. kmp-... * am y);
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3 Functions

The following sections describe each function provided by libtactmap, including the format and

meaning of its arguments, and the meaning of its return values (if any).

3.1 tactmap.-nit

void tactmap.init()

tuap-.init initializes libtactmap.

Call this function before any other libtactmap functions.

3.2 tactmap-create

TACTNAP.PTR tactw-ap.croate(widget. sensitive, snsitiv.erase.gc,
refresh, tcc, ctdb, quad.data)

Midget widget;
SISTVE.VIDOV.PTR sensitive;
GC sensitive.eraso.gc;
TACIWP.R FRZSL.CALLBACK refresh;
COORDD.TCC.PTR tcc;
CTDB *ctdb;
QUAD.DATA *quad.data;

'widget' Specifies the widget for drawing
'sensitive'

Specifies the sensitive window
'sensitive.eZaso4c'

Specifies the GC used by libsensitive for erasing

'refresh' Specifies the function to call at beginning and end of map refresh

'tcc' Specifies the coordinate system of the terrain database

'ctdb' Specifies the CTDB format terrain database

'quad-data'
Specifies the libQuad format terrain database
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tacmap-creat. creates a tactical map. The map starts with no features displayed. The
widget specifes the drawing ar (libtactmap posts its own resize, expose, etc., handlers). The

sensitive window should be created with a call to enstve.create() (see section 'snstve-create' in

LibSensitive Programmer's Manual).

The refresh callback, if non-NULL should be declared as follows:

void refresh.callback(tactuap, refreshing)
TACTN.APPTR tactuap;
int32 refreshing; /* TRUE at beginning, FALSE at end ,/

3.3 tactmap4et -color

Pixel tactuap.get.color(tactuap. class)
TACTKAP.PTR tactmap;
TAC1*P.OBJECT.CLASS class;

'tactnap' Specifies the tactical map

'class' Specifies the terrain feature class

tactapet-.color returns the pixel value of a color used when drawing objects of the passed

class. Pas -1 to get the background color.

3.4 tactmap.set.scale

void tactWaap.set.scale(tactuap, scale)
TACTAP.PTR tacuap;
float64 scale;

'tactuap' Specifies the tactical map

'scale' Specifies the map scale

tactnap.set.scalo sets the map scale to l:scale.
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3.5 tactm ap..set -center

void tactnap.uet..center(tactuap, x. Y)
TACTNAPPTR tactuap;
int32 Z
int32 Y

'tactoap' Specifies the tactical map
'ze Y'9 Specify the new center (in meters)

tactuap-..et-.center sets the map center.

3.6 tactm ap screen.-to..-map

void tactmap..ucreen-.to..uap (tactnap. Screen..:, scremm-y. sap..:. uap.Y)
TACTNlAPPTh tactuap;
int32 screen..:;
in%32 screen-y;
flOet4 maap.:;
float6l emapy;

'tactuiap' Specifies the tactical map
&screen-z, s creen-y

Specifies a point in screen coordinates (pixels)

'map..:. map..y'
Returns the corresponding poing in map coordinates (meters)

tactmap.screen-.to..up converts a screen location to a map location.

3.7 tactm ap.n ap-.to..-screen

int32 tactmap..ap-.to..ucreen(tactuasp, map... aap-y, screen-. screen..y)
TACTKAPT P tactisap;
float" map..:;
float" MaP..Y
int32 *Screen..:;
int32 Cacreeny;



18 LibTactMap Programmer's Guide

'eactaap' Specifies the tactical map

map-. map-y'
Specifies a point in map coordinates (meters)

uScrOnoz, screon-yi

Returns the corresponding point in screen coordinates (pixels)

tactsmap..mp.tso.scrn converts a map location to a screen location. The return value indi-
cates whether the point is visible (TRUE if visible).

3.8 tactmap-pixel.offset

voie/ .actmap.pixel.,,f, %t(tactuap, screen-dx, screen.dy, aap.dz, aap.dy)
TACTKAP..PTR tac ,

in4', ,2 scren-dy;

float6M * .ap-dz;
float64 uap.dy;

'tactap' Specifies the tactical map
'screen-fdz scr..n-dy'

Specifies an offset in screen coordinates (pixels)

'mapodx. aap-dy'
Returns the corresponding offset in map coordinates (meters)

tactap.pixel..offset converts an offset in screen coordinates to the equivalent offset in me-
ters.

3.9 tactmap-locale

void tactmap.localo(tactiap, center.z, centr.y, width, height)
TACTNAP.PTR tactap;
float64 *centor..z;
float64 *Center.y;
float:64 *width;

float64 eheight;

'tactuap' Specifies the tactical map
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'cenrtz.x center-y'

Returns the coordinates of the map center (meters)

'width' Retura the map width (meters)

'height' Returns the map height (meters)

tactmap.locale returns center and size of map in meters.

3.10 tactmap-world-view

void tactiap-world.viw(tactaap, world-vi~ew.on)
TACTIP..PTR tactuap;
int32 world.vi.won;

'tactuap' Specifies the tactical map

'world-view-on'
Specifies whether world view mode should be enabled

tactap-world.view puts the tactical map in a mode where the grid fines for the entire database

are shown, and a bor. representing the viewport is laid on top.

3.11 tact map 4getcale

float" tactmap..get-.scale(tactzap. width, height)
TACTMAP.PTR tactuap;
int32 width;
int:32 height;

'tactuap' Specifies the tactical map

'width' Specifies the requested sub-width (pixels)

'height' Specifies the requested sub-height (pixels)

tactnapget.-scale determines the map scale which would encapsulate a box of the passed size

(in pixels).
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3.12 tactm ap-create -object

TACT-AP.OBJ .PTR tactuap.czeate.obj ect (tactu p, class, dfn)
TACTIIAP.PTR tactuap;
TACTNAP.OBJECT.CLASS class;
TACTKAP.ODJECT.DFI sdfn;

'tactap' Specifies the tactical map

'class' Specifies the object class

'dfn' Specifies the initial definition of the object to be created

tactap.crato.object creates an object which can be placed on the tactical map.

See Section 3.13 [tactmap'destroy'objectj, page 20.
See Section 3.14 [tactmap'add'object], page 20.
See Section 3.15 [tactmap'remove'objectJ, page 21.
See Section 3.16 [tactmap'update'object, page 21.

3.13 tactm ap-destroy-.object

void tacmadp.destroy.obj oct (tactusap, obJ)
TACTNAP.PTR tactmap;
TACTNAP.OBJ C.PTR obj;

'tactuap' Specifies the tactical map

'object' Specifies the object to add

tactapd.stroy.object destroys an object created with tactuap.croat.object and frees
any memory associated with that object.

See Section 3.12 [tactmap'create'object), page 20.
See Section 3.14 [tactmap'add'object], page 20.
See Section 3.15 [tactmap'remove'object]. page 21.
See Section 3.16 [tactmap'update'objectl, page 21.

3.14 tactmap.add-object



Chapter 3: Functions 21

void tactmap.add.object(tactuap, object)
TACTNAP.PTR tactuap;
TACTIAP-.OIJCT.PTR object;

'tactfap' Specifies the tactical map

'object' Specifies the object to add

tactuap.add.objoct adds an object (created with tactaap.-crato.objoct) to the map dis-
play list.

See Section 3.12 [tactmapcreate'object], page 20.
See Section 3.13 [tactmap'destroy'object), page 20.
See Section 3.15 (tactmap'removeobject], page 21.
See Section 3.16 [tactmap'update'object], page 21.

3.15 tactmap.-rem ove..object

void tactmap.remove.obj oct (tactuap, object)
TACTNAP.PTR tactuap;
TACTNAP.OBJECT.PTR object;

'tactuap' Specifies the tactical map

'object' Specifies the object to remove

tacaap.r.ove.object removes an object from the map display list.

See Section 3.12 [tactmap'create'object], page 20.
See Section 3.13 [tactmap'destroyobject], page 20.
See Section 3.14 [tactmapd'object], page 20.
See Section 3.16 [tactmap'update'object], page 21.

3.16 tactmap.update.object

void tactuap.date.object(tactuap, object, dfn)
TACTNAP.T tactuap;
TACTAP.OBJZC.PTR object;
TACTNAP.OJKCM.DFI sdfn;
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'tactuap' Specifies the tactical map

'object' Specifies the object to update
'd4n' Specifies the new object definition

tactaap.update.object changes the attributes of an existing object.

See Section 3.12 [tactmap'create'object], page 20.
See Section 3.13 [tactmap'destroy'object], page 20.
See Section 3.14 [tactmap'add'object], page 20.
See Section 3.15 [tactmap'remove'object], page 21.

3.17 tactm ap.add-transientobject

void tactmap.add.tranaint.obj oct(tactaap, object)
TACfNAP.PTR tactuap;
TACTIAP.OBJKCT.PTh object;

'tactap' Specifies the tactical map

'object' Specifies the object to add

tactuap.add.transient.objoct adds an object (created with tactmap.croat.object) to
the map display list. This is identical in operation to tactmap.add.object, except the object

will be displayed on top of the pixmap where other objects axe placed. Transient objects must be
refreshed frequently, since popup and window drawing may erase them.

3.18 tactmap..tick

void tactmap.tick(tactaap, .aztium.slico)
TACTNAP.T tactap;
uint2 aaz.timo.slico;

'tactatap' Specifies the tactical map

' -z.tiu..slico'
Specifies the maximum run time this tick

tactap.Wtick updates the map image. Call this function periodically to redraw the map (if
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no redraw is needed, the function will just return). maz.tne-lice specifies the amount of time
which is acceptable to spend redrawing this tick. If drawing operations exceed this time allotment,
the refresh will not be completed until the next tick or later.

3.19 tactmap-.redrawing

1nt32 tactmaW..rdrawing(tactap)

TACTNAP..PTh tactuap;

'tactua' Specifies the tactical map

tactoap..redraving returns TRUE if the map is in the process of refreshing itself. Drawing on a
map which is in this state will probably disappear on the next call to tactnap..tickO.

See Section 3.2 [Argument refrehj, page 15.

3.20 tactm ap -refresh -non -terrain

void tactuap..efroah..aon-,trrain(:actmap)
TACI1UP.PTR tactuap;

'tactuap Specifies the tactical map

tactuap..zefreuh..nom.tma runs through all non-terrain objects and redrawn them. This
may be called after editing operationas to correct accidental erasures.

3.21 tactmap..quad-data

QUAD-DATA *tactmap.quad.data(tacft"a)

TACTNAP-.PTR tactuap;

'tactuap' Specifies the tactical map

tactinap-.quad-.data returns the libQuad quad data structure used by a tactical map.
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3.22 tactmap.bundle-changes

void %actap.bundle.change(tactmap)
TACTNAP.PTR tactump;

'tactu p' Specifies the tactical map

tactap.bundl.chage ets do.rfrmh to delay redrawing. This is used in the cam where
there are many changes made to the tactmap and the redrawing should wait until the tactmap is
ticked again.
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4 Resources

Various attributes of the map display can be customized on a per-X-server basis through the
use of resources. These are typically set in a user's '. zresources' file. For example, to draw blue
(instead of green) trees, the entry in the'. xresources' file would read:

*Tacticalap.tree: blue

The full list of resource names, default values, and descriptions follows:

g4;round (default: GrayTS)
Map background color

hypsoDither (default: Black)
Color used for drawing hypsometric dither patterns

water (default: steelalue)
Unfordable water color

fordable (default: SkyBlue)
Fordable water color

noGo (default: Firerick)
No-go terrain color (only available on a few databases)

slowJo (default: G.d3)
Slow-go terrain color (only available on a few databases)

road (default: Redi)
Road color

tree (default: DarkGreen)
Tree, tree line, and tree canopy color

building (default: Gnry25)
Building (and other structure) color

pipeline (default: Cyan4)
Pipeline color

political (default: Orange3)
Color of political boundaries

railroad (default: Black)
Color used for railroads

powerline (default: Gray25)
Color used for powerlines
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con tor (detmlt: Simaa4)
Color ued for contour lines (minor ae drawn thin, major am drawn thick)

tova (default: BIack)
Color used to draw town names

irid (default: Black)
Color used to draw grid lines and grid labels

co"paes (default: 6710006)
Color used to draw North annotation

touuFont (default: ItefaultFont)
Foat used for town names

gridlaut (default: ItXfaultFont)
Foat used for grid labels

hypuofap (detault: see below)
String specifying the altitude color bands. The format is as follows:

[<altitude> <dark color) (bright color>] *
The altitude specifies the lowest altitude of a color band. Altitudes within a band
ae interpolated between the dark and bright versions of the color. The default is the
striw.

"0 SbGcOSc Occd767 200 Sococ84 #f9f98b 500 #4b066 eS76
1000 ObO7979 dSdc8c 2000 934646 S6M36US 3000 Ba 19? OcOaSab
4000 Obbacc8 OdScTe7 5000 S cdabb2 Se3bdc5 6000 GraySO Mhite"
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Chapter 1: Overview

1 Overview

Libtask is a subclass which manages the association between Task class objects in the PO
database, and the vehicle subclasses which execute those tasks. Each task is identified with a SAF
model number (defined in 'p.satodls.h'). When each task library is initialized it tells libtask
of its presence and passes information so that libtask can execute the subclass when necessary.

Libtask also provides utility functions which are used by tasks, and by the augmented asyn-
chronous nite state machine (AAFSM) code generator (see Chapter 2 [AAFSM Code Generator],
page 3).

Libtask expects a subset of the following functions from each task:

Chaged parseters
This function is called for an executing task, just prior to its tick if its parameters
changed in the PO database since its last tick. This is provided so that tasks do not
need to check their parameters every tick or install object changed handlers. Changes
to other objects which are referenced by the task's parameters, also trigger this event.
This event will also be run if a task's parameters are overridden via a transparent task
frame.

Predicate
This function is called for enabfing tasks to determine if their conditions have been
met. For example, an enabling task which monitors crossing lines, will return TRUE if
the line has been crossed, FALS otherwise. Tasks which are not simply enabling tasks
should pass a function which indicates if they are in their ended state. This way, a
subsequent task frame may refer to an executing task as its enabling task, to trigger a
transition when the task completes.

Start This function is called to start the task execution. The start function for each task
should prepare the task for its first tick, which will be called immediately after the
start. This may be called in the following cases:

* When a task is first executed, or executed again after being stopped. In this case
the state of the task will be not.running or ended.

" When a task is resumed, after being Suspended. In this case, the state of the
task will be suspended.

" When a vehicle migrates from another hardware platform while the task is running.
In this case the state of the task could be any valid state.

Tick This function is called to tick the task finite state machine.
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Stop This function is called to prematurely stop execution of a task. Note that the end
function may be called for a task which is already in its ended state.

Suspend This function is called when a task is suspended (either because an opaque frame was
pushed on top of its frame, the suspended flag was set in the task, or it was removed
temporarily from its frame by its creator).

The preprocessor program 'fI2ch' converts an AAFSM source file into a C program which
automatically defines these functions, and includes them in a call to task.rgister.
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2 AAFSM Code Generator

The AAFSM code generator is simply an 'auk' script which converts a finite state machine
('.fsa') source file into C code. The principle is similar to that used in 'yacc' and 'lox', where a
simple language is used to describe the structure of the desired program, and fragments of C source
code are used to specify the details.

Within a '.f a' file, the finite state machine is distinguished by the use of the grave character
("'). The following sections explain the different sections of the state machine definition.

2.1 Opening Comment

The opening comment is, of course, optional. It reminds readers of the software of the variables
which are available within the state machine code fragments. It generally goes as follows:

/* Note that the variables:
* 1nt32 vehicle..id;
* PO.DB.ENTY *task.entry;
* PODB.-ENTrY *unit.e.ntry;
* TasrqtateClass *utate.obJ oct;
* <TASK)>.PARANETERS oparameters;
• <TASK.STAT *state;
• <TAS-.VAR *private;
* are always available. Also note that changes to the state data
* are automatically transmitted on the network.

The name of the parameters, state, and private structures, will differ between machines.

Also, it is customary to mention the events which are defined, and what they mean. The
following events are required:

/• Events: tick - state machine tick
]param - change in parameters

*/
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2.2 Name and Structure Declarations

The state machine itself starts with the opening grave, and the following items:

neae Specifies the name of the task. This name will be prepended to various function names
which are generated automatically, such as .nit.f on, .start, .end, -suspend, and
.ended. It is also used when accessing the private variables, by append;ug .user.data.handle
(see section 'class-getuser.data' in LibClass Programmer's Manual). Finally, this name
is used to name the enumerated type for machine state by appending -states.

PARAMETERS
Specifies the structure used to store parameters of the task. The data portion of the
TaskClass object which corresponds to this task is assumed to contain this structure.

STATE Specifies the structure used to store the task state. The data portion of the
TaskStat.Class object which is used by the task is assumed to contain this struc-
ture. This structure must contain a variable called state which is of type entn
(namie>st ate.

VAS Specifies the structure used to store private data for the task. This is the data which
is attached to the vehicle executing the task via its libclass user data handle.

For example, the bingo fuel task uses the following declarations:

ubingofuel UBIIGOFUEL.PARAETERS UBIIGOFUEL.STATE UBIIGOFUEL-.VARS

The unit follow route task uses:

6

uflrote UFLVRT.PARAETERS UFLVRTE.STATE UFLVRTE.VABS•

2.3 Sub-task Declarations

Next are the optional sub-task declarations. Subtaks declarations describe the tasks which this
task spawns, and provide a code fragment to fill in the spawned task's parameters. Each declaration
contains the following parts:

SUBTASE: Indicats to the code generator that a subtask is being defined.
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neo Provides a user-readable name which will be used to reference this task from now on.
Each name must be unique.

member For each task type spawned, there should be an array in the state structure to hold
the references to these tasks. This specifies which member of the structure is the array
which holds instatiations of this task.

SAP Nodel Specifies the SAF model number of the task being spawned.

PARAMETERS
Specifies the structure of the parameters which are used by the spawned task.

r.erence count
Specifies how many of the reference slots are used by the spawned task.

state initialization functim
Specifies a function provided by the spawned task's library to initialize the state vari-
ables of the spawned task.

BCIKGND If the subtask declaration line ends in the keyword BCKGPMD, the task will be considered
to already exist in the background, causing SPAWE to search for the task instead of
creating it.

code fraaent
A body of C code which initializes or updates the parameters of the spawned task from
this task's parameters, state, or other information.

In addition to the usual variables, the following additional variables may be referenced
within the code body:

SUBTASK).PAIUr *nubtak
Parameters of the spawned task, which should be filled out by the code
body

1nt32 i.update
Flag which is set when the code body is running to update an existing task,
due to a pare. event in the parent task.

END.SUBTASK
Indicates the end of the subtask definition.

Note that the entire declaration up to the code body must be on one line, however for readability,
some of the declarations have been split into two lines (the first ending with 'V) in the examples
below.

For example, the following was used by a version of unit-level route following to declare a
vehicle-level route following subtask, and a vehicle-level orbit subtask:

SUBTASI: Vehicle.Follo.Routo vflwrte.tak SM.VFvRte \
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VFLVRTE-PAUNCTDS 1 lvfwrte-.init.task.state{
subtask->route a private->rout.id;
subtak->speod a parmeters-spsed;
subtask-)altitude * parmeter->altitude;
subtask->nove.type parmeters->move. type;

EUD.SUBTASK

SUBTASK: Vehicle.Orbit vorbit.task SH.VOrbit \
VORBIT.PARLAETERS 0 vorbitjnit.task.stat.
{

tloat64 my.pos[3J;

if (!is.update) /A Don't change after initially net C/

3t-.get.position(vehicle.id. my.pos);
subtask->csnter.ptU a my-pos[ J;
subtask->center.ptM m y nyposfMl;

subtauk->radius a private-)params->orbit.radius;
subtask->speed a private->parms->orbit.sp..d;
subtask->altitude a paraaeters->altitude.

ED .SUBTASK

2.4 Sub-frame Declarations

Those tasks which create other task frames may do so using a sub-frame declaration. These
declarations have the following format:

lam Provides a user-readable name which will be used to reference this task frame from
now on. Each name must be unique.

member For each task frame spawned, there should be an array in the state structure to hold
the references to these task frames. This specifies which member of the structure is the
array which holds instatiations of this frame.

instruction
Indicates the instruction which should be used to install the task frame. It must be
one of the following:

TITPoplone

Push this frame onto the stack

TllPoponOpaque
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Pop all non-opaque frames down to the first opaque frame, then push this
frame

TZIPopOpaque
Pop all frames down to and including the first opaque frame, then push
this frame

optional flags
Finally, optional flag values may be used:

opaque Indicates that the task frame should be opaque (if omitted, the created
frames will be transparent).

destroy Indicates that the task frame should be automatically destroyed when it
completes.

code frapient
A body of C code which assembles the task frame.

In addition to the usual variables, the following additional variables may be referenced
within the code body:

ObjectID *unit..id
Specifies the unit which will be executing the task frame

int32 which
Specifies which instantiation of the task frame is occurring

The body may include defined subtasks using the directive:

INCLUDE: ONine)

The 0=0e specifies the name of the task to be included.

Note that the entire declaration up to the code body must be on one line, however for readability,
some of the declarations have been split into two lines (the first ending with 'V) in the examples
below.

For example, the following were used in a version of the unit bingo-fuel. task to define a return-
to-bass task frame.

SUBTASK: Unit.Return.To..Daue urtb..tauk SH..URTD\
URTh..PAJLAMETE3S 1 urtb-.init..taok..utate,

uubtaak->base a paza~tera-)baae;
subtask->speed w pazineters->speed;
aubtaak->altitude a parameteru->altitude;

KEDJUBTASK

SUBFRANZ: Return..Tojase rtb-.taskfrme TIlPopOpaque opaque destroy
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INCLUDE: Uhi:..Return.To..Base

2.5 Criteria Declarations

Each task may declare criteria under which it will want to control actuators. This information is
passed on to libTaskPri, where it is merged with information from other tasks to determine which
task controls each actuator during any tick (see section 'taskpri..egister.for..group' in LibTaskPri
Programmer's Manual).

For each declared output criteria, a task implicitly defines a variable within the context of the
tick, params, and any other events. This variable is set to indicate whether the task has been
selected to provide output, and is called group..nabled.

For example, if the prioritization of the weapons and sensors actuators is given by the SM-TaskPriority
parameters:

(SK-TaskPriority (tasks
("1sensors' SX-VTargeter

SILVSearch

("weapons" SN..VTargeter
SK..VSarch

this means that the tasks VTargeter and VSearch both might want to provide output to these
actuators, and VWazgeter has higher priority in both cases.

The FSM definition for VSearch might look like this:

Torch VSIAZCH-PARANETEDS VSEARCR STATE VSEARCH..VARS

CRIERIA: sensors
TASIPRI-NMUIIG

uND-CRIn'RA

CRflUA: weapons
TASDPRX.AUD(TASKPRI-.RAJNNIUG, TASIPRI-.SELECTED (SN-VSoarch, 'sensors"))

ND..CRITERIA
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4

tickO

pare()
6

The first criteria says, "I want to control sensors whenever I am running." The second one says,
"I want to control weapons whenever I am running, and the task SN.VSearch has control of the
sensors."

As a result of these two declarations, there will be two variables defined in the context of the
state machine:

n%32 sonsozus.emabled;
int32 .eapons.nabled;

Prior to issuing commands to an actuator, libvsearch must check to make sure the corresponding
a is TRUL

2.6 Event Declarations

The next portion of the state machine definition is the declaration of events. At a minimum,
the events tick and parem must be defined. Each event starts with an opening grave, then has
a name, and an argument list (which may be empty). For example, all tasks will start with the
standard events:

6

tickO

parm()

If a task needs to define its own events, those should follow. They may take additional arguments.
For example, suppose a task has a need for an event called my-ovent which takes an argument called
reason which is of type EVKMIT.REASON, and an argument called time, which is of type uint32:

my.event (reason, tim)
3 U13I..UAS0N reon;
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uint32 tins;

This event can be invoked from utility functions defined later in the '. a' file as follows:

TASI.OP .INVOCATION(uy..vent. vehicle.id, db. task-id)
reason. tim

TASK.-CLOSE.INVOCATION

vehicle.Ld specifies the vehicle which is executing the task; db is a pointer to the PODATABASE;
and task-id is a pointer to the ObjectID of the task for which the event occurred.

These macros expand to a sequence of calls which find the task and state PO objects, call the
user-defined event, and update the task state on the network, if it changed.

2.2 Special Commands

The remaining sections of the state machiue definition may make use of several special com-
mands:

Transions

Transitions to other states are indicated as folows:

"newtate; cesments

newstate is the state to which a transition should occur. Anything after the ';' is
assumed to be a comment and is skipped by the code generator. Comments should be
included at each transition to describe the reason for transitioning (these comments
may be used by automata-drawing programs).

Note that a transition implies a return from the event.

Spawning Tks or Frames
Subtasks and Subframes which were defined earlier in the machine may be spawned
using the command:

SPAWN <who> <Nam> [<which)]

who is a pointer to the ObjectID of the unit which is to execute the task or task
frame. The special value SELF may be used to run the task in the current unit. Name
is the name of the task or task frame to spawn. The optional which is a small integer
indicating which instantiation of the task or task frame is being spawned (it should be
less than the maximum specified in the task or task frame declaration).
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Stopping Tasks
Tasks which were SPAVIfed can be stopped wing the command:

STOP line) (chich)]

This happens automatically when the current task is suspended.

SResuming Tasks
Tasks which have been STOPped can be restarted using the command:

RESUIK (Emso> which>]

Note that it is also acceptable to reSPAVN a task which was suspended, to start its
execution in the context of a different unit.

Deleting Tasks
Tasks which were SPAVed can be deleted using the command:

DELETE <Nam> (<which]

This happens automatically when the current task ends.

Stopping Tak Frame.
Task frames which were SPAiraed can be stopped using the command:

STOP (lae> <which>J

Checking if a Tak is Finished
Tasks which have been spawned can be tested for completion as follows:

it (
FIuSED (lame> <which>]
)

The FINISME call tranlates to a single function call, so it may be combined with other
logical operators in the conditional. For example:

if(
FINISHm Go.Acros-Bridge 0

FIlISm Go.Acrons-Bridge 1
)

SPAM unit..3 Go..ArosBridge 2

Self-Destructing Frames
Some reactive tasks create task frames which self-destruct (the spawned frame contains
a task which pops the frame, and the frame was created with the destroy option). In
these cases, the task will need to clear out any references it has kept to the task frame
after spawning. The following command can be used by a task to clear these references.

CLEAR <Nae> (which>]

For example, a version of the commit task would wait for a target which meets the
commit criteria, then react by pushing an opaque frame which performed an intercept.
The task had no reason to save the references to the spawned frame, so it cleared them
right away (to avoid having references to a destroyed object, later).
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evaluating
# tick

if (tgt-m.e ts.omit.criteria(vehicl.id, private)){
et.vasuess.fire.at-.uill(vehicle.id, private,

parmaeters);
SPAWl SELF Air.To.ir-Intercept
CLEAR Air.To.Air.Intercept

parems
set.vassess.par aes (vehicle.id. private,

parmaieters);

2.8 Start Body

Next comes a code fragment which starts the task (see Chapter I [Overview], page 1). The start
body should perform any bookkeeping (such as initializing private variables), and should ensure
that the task transitions into an acceptable state.

In the case of resuming a task, any subtasks which were created by this task will have been
suspended when this task was suspended. Thus, it is important for the start body to either
fhSUIK or reSPAVI the tasks in the start body. In general, it is better to reSPAVE the task, since
the composition of a unit or the parameters of the task may have changed while the task was
suspended.

For example, this is the start body of a version of the unit-level follow route task:

a

START

savo.route-id(private, task.entry);
switch (state-state){

case takingoff:
came folloing.route:
case at.end-.ofroute:

break;
case ended:
default:

if (flrte..able.to.followroute(vehicle.id,
private->ctdb)){



Chapter t. AAFSM Code Generator 13

SPAWN SELF Vehicle.Follow.Route
SPAWN SELF Vehicl.Search
if (paraaeters->nove.-type a= VYLWRT..NOVE.COIITOUR)

SPAWN SELF Vehicle.Fly.Contour
-folloing-.route; In the air

}

else{
SPAWN SELF Vehicle.Take.Off
"takingoff; Need to take off

I
}

First, the machine saves the route ID in its private variables, so that it will be able to distinguish
route changes from other parameter changes.

Next, it looks at the initial state. If the machine is already in a running state, such as after a
migration occurs, the software does not need to do anything special (in this case). If the machine
is not running, the software spawns some tasks and transitions to its first state, depending upon
the current conditions.

2.9 State Definitions

Next, the state machine describes each state. Each description is organized as follows:

(state nae)
tick
code fragment

pazrs
code fragment

<other event>
code fragment

<other event>
code fragment

Each code fragment is run when in the specified state during the corresponding event.
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2.10 End Body

The end body is a code fragment which runs whenever the task ends. A task can end with a
transition to END:

.ID

or it can end because it was in a frame which was popped. In either case, the end body executes.
Tasks in reactive frames can cause the frame in which they reside to be popped when they end (the
self-destruct behavior described above) using the command:

POP.OVS-TASKIFLUE

in their end body.

The general form of the end body is:

8

code fragent

The generated software automatically destroys any spawned tasks (but not spawned task frames)
when a task is ended.

2.11 Suspend Body

The optional suspend body is a code fragment which runs whenever the task is suspended. A
task is suspended when an opaque frame is pushed on top of its frame, or when it is temporarily
removed from a background frame.

The general form of the suspend body is:

SUSP od

cod. frapont
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The generated software automatically suspends any spawned tasks (but not spawned task
frames) when a task is suspended.
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3 Functions

The following sections describe each function provided by libtask, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 task-init

void task.init(0

task.init initializes iUbtask. Call this before calling any other libtask functions or any specific
task initializations.

3.2 task-register

void task.register(saf.-ode.1nuuber, para.., predicate,
start, tick, end, suspend, statesize,
n.before, before, n.after, after)

uint32 eaf.odel.number;
void (paras) 0 ;
int32 (*Predicate) 0;
void (*start) 0;
void (*tick)O;
void (*end) 0 ;
void (*suspend) 0;
uint32 state-size;
int32 b.before;
uint32 before 0;
1nt32 nafter;
uint32 after 0;

'saf.nodel.nuber'

Specifies the SAF model implemented by the task (from 'p-safmodels .h')
'psra.s' Specifies the function to call when task parameters change

'predicate'
Specifies the function to call for enabling tasks

'start' Specifies the function to call to start the task

'tick' Specifies the function to call each tick

'end' Specifies the function to call if the task must be stopped
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'suspend' Specifies the function to call if the task is suspended (start will be invoked before the
next tick)

'state.size'
Specifies the size of the task state data

'n-bef or*'
Specifies how many task are in the before list

'before 13'
Specifies the list of tasks which must be executed before this one

'n.-atter' Specifies how many task are in the after list

'atfterO' Specifies the list of tasks which must be executed after this one

task.register registers a task with libtask so that it may be executed later. Note that any of
the functions may be passed as NULL. The predicate function for tasks which ae not just enabling
tasks should return whether they are in the ended state. This way, a subsequent task frame may
refer to an executing task as its enabling task, to trigger a transition when the task completes.

Note that specifying bef ore and after tasks does not guarantee that those tasks will be exe-
cuting - it merely ensures that if those tasks are executing, they're execution will happen at the
right time relative to this task.

3.3 task-get-state

ADDRESS task-get.state(rb, taukid)
PC.DATABASE edb;
ObJectID *task.id;

'db' Specifies the PO database

'task.id' Specifies the task's PO ObjectID

task.get.etate finds state variables associated with a task (performs a sequence of
po.get.object calls, and error checking).

3.4 task-spawn.subtask

void task.spawn.subtask(task.ontry, unit.or.frame.eid, spawn.task,
spawn.Init, spaun.id)
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PO..DD...IM Y *task-entry;
Obj ectlD eunit-or..fraae-id;
TaskClass *sPawn..task;
void (*spawn.. mit) C);
ObjectID *spawnid;

'task-.entry'
Specifies the task which is spawning a new task

'unit-or-fraiss-id'
Specifies either the unit which is to execute the task (in its background frame), or the
frame into which the task should be spawned

'spawn..task'

Specifies the body of the task which will be spawned
'spawn.init'

Specifies a function to call to initialize the task's state
'spawnid'

Specifies/Returns the Object ED of the spawned task

task..spawn..subtask starts a task in the specified frame (or if the unit..or..fram..id is that
of a unit, then in that unit's background frame). If spawn..id already contains the Object ID of
an existing task, that task will be reused. Otherwise a new task will be created and its IM will be
returned in spawn..id.

The caller should fil in the model, ref count, size, and data parts of the task. The spawninit
function will be called to fill in the ref count, size, and data of the created (or reused) state
object. This function should be prototyped as follows:

void spawn, Lit(task, state)
TaskClass etask;
TaskStateClass estate;

For example, the init function used by the vehicle-level route following task, mighit look like this:

/*ARGSUSEDC/
void vflwrte.,init..task..state (task, state)

TaskClass *task;
TasktateClass *state;

state->uize a sizoof(FLRTE..STATE);
state->ref count a 0;
bzero(state-)data, sizeof (FLRTE-.STATE);
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3.5 task -subtask -parameters

int32 taak.subtask.parantors(tak.entry. spawn.id, params)
P0.DB..EI"RY *task.entry;
ObjectID *spawn.id;
ADDRESS *paxans;

'task.entry'
Specifies the task which spawned the subtask

'spawn.id'

Specifies the Object ID of the spawned subtask
'pars' Returns the parameter values of the subtask

tauk..ubtak.parameters gets the current parameters used by a spawned task. This is used
by the 'f n2ch' code generator to provide initial values for parameters when a subtask is updated.

3.6 task.update..subtask

void tauk.updat.subtuk(task.ontry, spawnltask, spawn.id)
PODB.EITRY auk.entry;
TaskClass *spawun.task;
ObjectID *spawn.Ad;

'task.entry'
Specifies the task which spawned the subtask

'spawn-task'k Specifies the new task parameters
'spawn-id'

Specifies the Object ID of the spawned subtask

task.update.subtask updates the parameters of a spawned task.

3.7 task.suspend.subtask

void task.suspnd.subtask(task..ntry, span.id)
PO.DB.IENTRY *task.entry;
ObjectlD *spawn.id;
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'task.entry'

Specifies the task which spawned the subtask
'span.id'

Specifies the Object ID of the spawned svbtask

task.smuspnd-subtak suspends execution of a spawned task by setting its suspended flag.

3.8 task.resume -subtask

void task.reau...uubtask(task..ntry, 8paunid)
PO.DB.UTRY task.en -y;
ObjectlD *spau..id;

'task-nmtry'
Specifies the task which spawned the subtask

'Spawn.id'

Specifies the Object ED of the spawned subtask

task.rosu..osubtask resumes execution of a spawned task by clearing its suspended flag.

3.9 task -delete.subtask

void task.deltesubtask(task.entry, spawn.id)
PO..DS.IUTRY *ask..ntry;
ObjoctID *spawn.id;

'task.entry'
Specifies the task which spawned the subtask

'spawn.id'

Specifies the Object ID of the spawned subtask

,task.doloe.subtask deletes a task spawned with task.pan.subtank, and zero's out the
passed spawn.id.



22 LibTaik Programmier's Guide

3.10 task -stop -su bfrarn e

void %aak..utop..ubfrau.(task...ntry, spavn-id)
PO..DS3I MY etask...ntry;
ObjectID sepaun..id;

'task...ntry'
Specifies the task which spawned the subframe

'spawn. Ad'
Specifies the Object ID of the spawned subframe

tank..stop-.subtrasie stops a spawned frame by clearing out its unit field.

3.11 task-get.db

PO..DATABMS *task.get..db (task.,entry)
POJS.JNTRY *task..uatry;

'task-e.ntry'
Specifies the task

task-gotdb gets the PO database in which a task resides (for use by Ifuu2ch' code generator).

3.12 tauk-get-.unit

PO..DS..UTY *ask-gt-un~it (taak...ntry)
PO..DSJN&hY ftask...ntry;

'task-e.ntry'
Specifies the task

task-getunit gets the unit which is executing a task (for use by 'su2ch' code generator).
Note that this function will not work for enabling tasks, since mult Its can be executing a
single enabling task (NUL will be returned).
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3.13 task-.complete

int32 task..copl~te(task...ntry. spaun..id)
PO..DBJNMh *task-..ntry;
ObjectID *spawnid;

'task-entryl
Specifies the task which spawned the subtask

'upas..id'

Specifies the Object ID of the task being queried

task-complete calls the registered predicate function for a spawned subtask, and returns the
result.

3.14 task..pop-.ownframe

void task..pop..ownfrin. (task.,entry)
PO..DD..UTRY *taak..entry;

'task-entry'
Specifies a task in the frame

taak-pop..ownframe, unassigns the task "rame ,n which the passed task resides.

3.15 task-clasuinit

void task-clasa..init (parent-class)
CLASS..PT parent-class;

'Paremt..clais',
Class of the parent (declared with clauu-declare..clasu, such as C2obj class)

taskclama..lnit creates a handle for attaching task class information to entries. The parent-.class
is one created with class-d~clare..class.



24 LibTak Progammer's Guide

3.16 task.create

void tauk.create(entry, db)
PO..DSJIlTY sentry;
POoDATABASZ *db;

'entry' Specifies the task's entry in the PO database

'6' Specifies the PO database

task.create creates the task class information for a entry and attaches it to the entry's libclass

user data.

3.17 task-destroy

void tak.destroy(entry)
PO.DB.TRlY *entry;

'entry' Specifies the task entry

tak.dstroy frees the task clas information for a entry.

3.18 task-exec

void task.o.zc(entry, vehicle.id)
PO.DI8.OETY *entry;
int32 vehicle.id;

'entry' Specifies the task entry

f'vehicletid'

Specifies the ID of the vehicle which is to execute the task

taskexec executes the task associated with the passed entry in the context of the passed
vehicle. Note that it is not safe to execute the same task entry on more than one vehicle, since

their state may diverge.
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3.19 task.predicate

int32 task.prodicate(entry. vehicle.id, current.opaque.task.frme,
noxt.task.-frame nun.ozocuting.tasks. executing.tasks)

PO.DBjTRY *entry;
int32 vehicle-id;
PO.DS.JUTRY ,current.opaqu..task.frme;
PO.DB..T Y .ent.taskf ram;
int32 nuu..executing.tasku;
POD...UTY *ezecuting.task D;

'entry' Specifies the task entry
'vehicle-id'

Specifies the ID of the vehicle which is to execute the predicate
'curremnt.opaqu.taskjr.'

Specifies the exectuing opaque task frame in current context
'ext.task.frme'

Specifies the frame containing the enabling task

'nmezectuiung.asks'
Specifies the number of executing tasks in current context

'ezectuiangtasks'

Specifies the list of exectuing tasks in current context

task.predicate runs the predicate function associated with the task in the context of the
passed vehicle, and returns its result. If no predicate exists for the task, 0 will be returned.

3.20 task.Atop

void tas sutop(entry, vehicle.id)
PO.D.BUThY *entry;
int32 vehicl..id;

'entry' Specifies the task entry
'vehiclo-id'

Specifies the ID of the vehicle which is running the task

task-stop stops the execution of the task in the context of the passed vehicle. This typically
is done when a task frame is popped.
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3.21 task-suspend

void task.suspend(entry, vehicle_id)
PO.DBJITlhY *entry;
int32 vehicle.id;

'entry' Specifies the task entry

'vehicle-id'
Specifies the ID of the vehicle which is running the task

tak.suspend suspends the execution of the task in the context of the passed vehicle. This
typically is done when a task frame pushed on top of another frame. The next time tak-ezoc is
called for this task/vehicle, the task will be restarted.

3.22 task-stop..if.suspended

void task.stop.ifs.uspended(entry)
PO-DBNTt *entry;

'entry' Specifies the task

tauk.stop.if.uspended sets a flag in the task indicating that if the task management software
concludes that the task has been suspended, then the task should be stopped (see tiWr.tick. c :stoptakfraw
for details).

3.23 task.params

void task.par as (entry)
PO. .DSJNThY *entzy;

'entry' Specifies the task

task.parums triggers a para- event for this task prior to the next tick, and marks the task as
RUNIIIG. This is used by the task management software when task parameters are overridden in a
transparent frame.
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3.24 task-inigrated

void tauk-sulpated(entry)
PO..DI..UThY *entry;

'entry' Specifies the task entry

task-nigrated clears local task execution state. This is typically done when a vehicle migrates
to another simulation host.

3.25 task -et.sequ en ce

int32 task-get.squence (entry)
PO-.DI...UThY *ontry;

'entry' Specifies the task entry

task..get-sequence returns the sequence number associated with the passed task. The sequence
numbers of tasks imply an order of execution, with lower numbers executing before higher ones.



ADST-TR-W003268

LibTaskedit



Table of Contents

1 O v erv iew ................................................................... 1

2 U sa g e ........................................................................ 3
2.1 Building Libta kedit .................................................... 3
2.2 Linking with Libtaskedit ............................................. 3
2.3 Exam ples .............................................................. 4

3 F u n ctio n s .................................................................. 7
3.1 taskedit.init ............................................................. 7
32 taukedit-inJ t~ d ........................................................ 7
3.3 taskedit.register ......................................................... 8
3.4 takeditaddenabling .................................................. 9
3.5 taskedit.reinit .......................................................... 9
3.6 taakedit..pt.editor .................................................... 10
3.7 taskeditoverride ..................................................... 10
3.8 takedit.start-editor ................................................... 11
3.9 taskedit.start-etaak.editor ............................................. 11

4 Adding Help ........................................................... 13



Chapter 1: Overvew 1

1 Overview

LibTaskEdit implements the SAF task frame and task editors. Individual tasks which can

be assigned from the user interface register their unique editors with libTaskEdit, which then
automatically incorporates them into the user interface. Definition of a task editor requires three

things:

* Creating a file which defines a libEditor editor which corresponds to the public PARAMETERS

part of the task shared data.

" Registering the name of this data file, as well as other information about the task with lib-

TaskEdit.

" Defining the default initialization to be used in each task frame which is to contain the task.

See (undefined) [Examples], page (undefined).
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2 Usage

The software librar 'libtaskedit. a' should be built and installed in the directory
'/ccmo/lib/'. You will also need the header file 'libtaukedit .h' which should be installed in
the directory '/comn/clude/libinc/'. If these files are not installed, you need to do a 'aake'
in the libtaskedit source directory. If these files are already built, you can skip the section on
building libtaskedit.

2.1 Building Libtaskedit

The libtaskedit source files are found in the directory '/casion/libsrc/Ulbtaskedit'. 'RCS'
format versions of the files can be found in '/nfs/coion.src/libsrc/libtaskedit'.

If the directory 'comon/libsrc/libtaskodit' does not exist on your machine, you should use
the 'gebuild' command to update the common directory hierarchy.

To build and install the library, do the following:

9 cd comon/libsrc/libtaskedit
* co ltCS/i,v
* make install

This should compile the library 'libtaskedit. a' and install it and the header file
'libtaskedit .h' in the standard directories. If any errors occur during compilation, you may need
to adjust the source code or 'Nakefllo' for the platform on which you are compiling. libtaskedit
should compile without errors on the following platforms:

* Mips

* SGI Indigo
" Sun Sparc

2.2 Linking with Libtaskedit

Libtaskedit can be linked into an application program with the following link time flags: 'ild
[source .o fil.s] -L/coon/lib -Itaskedit [other libraries]'. If your compiler does not
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support '-L' syntax, you can use the archive explicitly: 'id [source .o f ilea]
/common/lib/libtaskedit . a'.

Libtaskedit depends directly on the following libraries: libsaigui, libtactmap, libcoordinates,
libsensitive, libcallback, libpo, libeditor, libselect, libreader, libgrapkics, and hbprivilege.

2.3 Examples

The following are code fragments from an early version of the task libubingofuel (Unit Bingo
Fuel), which demonstrate how to define an editable task.

The parameters are defined in the standard fashion:

typedef struct ubfuel..pazameters

ObjectID bass;
uiatiS -.padding;
float64 speed;
float64 altitude;

}UBINGOFUELPAAETERS;

The data file ('ubfuel.rdr') defines the editor for this data structure:

((name "Bingo Fuel")
(atruct (base intle 3)
(padding 16)
(speed float")
(altitude float")

(editor ("Refuel Point" OBJECT base NOCANCEL
objectClassPoint obi ectClassTezt)
("8Speed" SPE speed)
("Altitude" ALTITUDE altitude)

(initial (base FORCE)
(apeed CONSTANIT 250.0)
(altitude CONSTANT 3000.0)

(render REVERT)

Note that for tasks which are not enabling tasks, most of the initial parameters will never be
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used, since they will come in the task frame definition.

Also note, that the render list for the task should read (render REVERT) in all caes.

The intialisation methods are declared again for each task frame (note that initializations which
do not differ between task frames need not be repeated):

(IbSweep"

(SK.UBingofuel BOTH
(base FORCE "You must specify a refuel point")
(speed CONSTANT 164.622)
(altitude CONSTANT 6096.0)
)

)

)

Finally, to register the task with libTaskEdit, the library calls the following from its global
<task).init function:

void ufluzte.nit()
{

taskedit.register(SN.UBingoFuel, "ubfuel. rdr",
sizoof (UBIIGOFUEL.PARAETERS).
ubfuel.init.task.-tate);

}

The initialization function for libubfuel is defined as follows:

void ubfuel.init.task.stato(task, state)
TaskClaus etask;
TaskStateClas e#tate;

{
state->size a sizoof(UBIIGOFUEL.STATE);
state->refcount a UBIIGOFUEL.STATE.REFERENCES;
bzero(state->data. sizeof (UDIIGOFUEL.STATE));

}

The tauk is provided in case task parameters are needed in order to initialize the state (generally
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not the cae). The refcount should be set to the number of ObjectID references which appear in
the state structure.
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3 Functions

The following sections describe each function provided by libtaskedit, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 taskedit-init

void taskedit..init()

taskodit..init initializes libtaskedit. Call this before any other libtaskedit function.

3.2 tasked it-.init-gui

int32 taskodit-init4;ui (taskfrs-tii.*, data-.path, reader-t lags.
dialog-.parent,
gui. tactuap. tcc, Map..rase-gc,
sensitive,* select, refresh-event, db)

char *taskfr aise a-ile;
char *data..path;
uint32 reader.f lags;
Midget dialog-.parent;
SGUI.PTR gui;
TACTNAP..PTR tactuap;
CODDTCC-.PTR tcc;
cc .ap.erase-c;
SNSTVL-VIDOV..PTR sensitive;
SELECT..TOOL..PTh select;
CALLDACKJVKU..PTR refresh-.event;
PO..DATABASE *db;

'taskfraas tile'
Specifies the name of the file with taakframe definitions

'data-patk
Specifies the directory where data files are expected

'reader- flags'
Specifies Haps to be passed to reader-read when reading data files

'dialog-.parent'
Specifies top-level shell which should parent popup dialogs
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'gui' Specifies, the SAF GUI

'tactmap' Specifies the tactical map

'%Cc' Specifies the map coordinate system

'uap...raosgc'
Specifies the GC which can erase things from the tactical map

Specifies the sensitive window for the tactical map
'select' Specifies the selection tool

Specifies the event which fires when the map is refreshed
'db' Specifies the persistent object database

task~dit-iit.gui creates the task frame editor. Individual task editors are also created at
this time, so be sure to initialize the task libraries before calling this function (so they can register
their editors). The data-path and reader-flao ame used when reading the individual task editor
definitions. Note that this registers an association with libgraphics, so it must be called after
prph..create...ditors. A non-zero return value indicates an error occurred.

3.3 tasked it-register

void taskedit-.register(saf-nodel. datafile. sizoof.struct, init-..ca)
Uint32 oaf-model;
char *datafile;
uint32 sizeof-struct;

TASKDITINIT-YUM TON init-jcn;

&oaf -model'

'daa~fUs'Specifies the SAF model of the task

Specifies the name of the data file where the task's editor is defined
isizeof..struct'

Specifies the size of the task parameter data structure

'initfcn'Specifies the functin to call to initialize task state

taskedit..zegister registers a task editor with libtaskedit. ThQ caller provides the name of a
data file, which libtaskedit will read when (if) the GUI is initialized. The sizeof -struct specifies
the size of the public parameters of the task (<taso-.PALAMETES).
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The init..tca is responsible for initializing the state of the task. The function must set the
size, rot count, references, and data portions of the state. The task will already be filled in by
libtaskedit, and should not be modified; it is supplied only to provide context for initialization.

Note that the init.f cn may be called more than once (such as when a mission is reused), so
the ref count field of the task should be set to an explicit value (number of parameter references
plus number of state references), rather than being incremented by the number of state variables.
For example,

statevars->ref count a UFLWRTK..STATK..REFEREICES;

is an appropriate expression, but

statevazs->retcount *a UFLVRT-STATL-REFERUNCES;

is not.

The init..tcn should be prototyped as follows:

void init-.function(task, state)
TaskClass *task;
TaskStat.Class *state;

3.4 tasked it-.ad d.-enabling

void taskedit-add..enabling(sa..mdel)
uint32 sat model;

'sat-Rodel'
Specifies the SAF model of the enabling task

taskedit.add..enabling notifies libtaskedit that a task should be treated as an enabling task.
The editor registered with this task in a previous call to tankedit.,register will be added to this
list of editors available in when the task editor is run in enabling task mode.

3.5 taskedit-reinit
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void taskedit-jr.init (db %&Wskrm.)
PO..DATABASE *db;
PO-IDB..INTY .taskfrin;

'day Specifies the persistent object database

'taskram.'
Specifies the task frame to reinitialize

taskedit..reinit calls the registered initialization function for all the tasks in a task frame.
This is provided to allow reuse of missions (the tasks in a mission start out initialized, but once
they have been used, they may not be in an acceptable state for reuse).

3.6 tasked it-get-.editor

TASKKIT-MGI..PTR taskedit-get...ditor (gui)

SGUL.PTR gui;

6guil' Specifies the SAF GUI

taskodit-get-*.ditor finds a taakframe editor created for the passed GUI. Returns NULL if
none eists.

3.7 tasked it-override

void taskedit..ovrride(.ditor, uit.id)
TASUMDXT.GUZ..PTR editor;
ObjectID *unit..id;

'editor' Specifies the task frame editor
'unit..id' Specifies the unit whos tasks are to be modified

taskodit..overrid* invokes the task editor in override mode. The editor allows modification of
those tasks which exist in current frames being executed by the passed unit. Any modifications are
placed in a transparent frame. The unit is monitored for changes in its task frames, which might
cause the set of modifiable tasks to change.
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3.8 taskedit-start-editor

void taukedit.start.editor(editor, destroyfhenDone, ualt.type,
frais..id)

TASKEDIT.GUI.PTh editor;
uint32 destroy WhenDone;
ObjectType unit.type;
ObjectID *frme-id;

'editor' Specifies the task frame editor

'destroyWhenDone'
Specifies the value of the created frames' destroyghenDone field

uit.type'
Specifies the type of unit (if non-zero, only allowed task frames for that unit type will

be sensitive)

'frmeid'
Specifies the address into which the frame should be placed

taskedt.start.editor invokes the task editor in normal mode. When the editor is exited,

the ObjectID of the created frame will be placed into the address passed as framteid. Thus, this
must be non-volatile memory spaLe.

3.9 tasked it.start.-etask -editor

void tukodit.start.estuk.oditor(oditor, taskid)
TASKEDIT.GUI.PTR editor;
ObjectlD *task.id;

'editor' Specifies the task frame editor

'task.id' Specifies the address into which the task should be placed

taskedit.start.etask.editor invokes the task editor in enabling-task mode. When the editor

is exited, the ObjectlD of the created task will be placed into the address passed as task.id. Thus,
this must be non-volatile memory space.
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4 Adding Help

It may be the case that some of the fields which make up an editor will need explanation at run
time. Whereas forced choices require that a special help message be provided, most editable fields

will just get the default help message provided by libeditor.

in some cases, this is acceptable. For example, the altitude parameter of a follow route mission is

self explanatory. However, in cases where additional help is needed, there is a facility to add this help
through the X resource database (see section 'X Resource Definitions' in LibEditor Programmer's
Manual).

To add context-specific help, a task library should do the following-

1. Create an X resource file ('<taaknme> .zrdb') in the task library with the special help in it.
The resource lines should read:

*.SAFGI. *.Editor... Tk Name.*.Field Name.*.Help: Help String

For example, to add a description to the Radar Orientation Azimuth field of the Targeting
task editor, the resource might appear as follows:

* .SAFGU.*.Editor.*.Targeting.*.Radar Orientation Azxiiuth.*.Help:
Specifies the desired azimuth of the center of the radar \
volume (0 is interpreted as down the Y-axis of the vehicle \
and is positive counter-clockwise).

2. Add the '.zrdb' file to the READERS list in the library 'Nakefile'.

3. Add a fine to the top level resource file 'src/NodSAF/NodSAF' to include this new resource file.
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Chapter 1: Overview

1 0 verview

Libtaskframe provides simulation support for task frames. It provides functions which may be
called to determine what task frames come after a given frame (in the context of a mission), what
tasks belong to a task frame, and whether the enabling tasks in a task frame indicate it should be
triggered.

The call to test enabling tasks (:aukfr.check.enabling) uses the following algorithm:

1. Run the predicate function for each enabling task, to get its True/False value.

2. Get the first item off the logic stack.

3. Act on the current item:

Task number
Push the value True/False value for that task from step 1 onto the evaluation
stack.

NOT operator
Complement the value on the top of the evaluation stack.

AND, OR operators
Pop the top off the evaluation stack and logically combine it with the value on the
new top of the evaluation stack.

STOP operator
Return the value on the top of the evaluation stack.

4. Get the next value off the logic stack and go to step 3.

The check-enabling algorithm returns False if the stack underfiows.

The two query functions (to get subsequent frames, and to get tasks) operate by querying the
persistent object database. Although it is possible for the task frame to keep this information
up to date by monitoring libPO events, it was implemented with queries for simplicity. This
implementation should be monitored, and should be changed if the cost of the queries is too high.
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2 Usage

The software library 'libtaskfrmu. a' should be built and installed in the directory

'/o mon/llb/'. You will also need the header file 'iibtaskfrme.h' which should be installed in
the directory '/comon/include/libinc/'. If these files are not installed, you need to do a 'make'
in the libtaskframe source directory. If these files are already built, you can skip the section on
building libtakframe.

2.1 Building Libtaskframe

The libtaskhame source files are found in the directory 'Icoion/1ibsrc/lib&kfrme'. 'RCS'
format versions of the files can be found in '/nfs/cioon.src/librc/ibtaskframe'.

If the directory 'coamo/libzrc/libtaskfzam' does not exist on your machine, you should use
the 'genbuild' command to update the common directory hierarchy.

To buila and install the library, do the following:

0 cd c on/libszc/libtakfram
0 co RCS/*,v
S sake intaUll

This should compile the library 'iibtaskfrme.a' and install it and the header file
'llbtaukfram..h' in the standard directories. If any errors occur during compilation, you may need
to adjust the source code or 'Nakefile' for the platform on which you are compiling. libtaskframe
should compile without errors on the following platforms:

* Mips

* SGI Indigo

* Sun Sparc

2.2 Linking with Libtaskframe

Libtaskframe can be linked into an application program with the following link time flags: 'id
[source .o flies] -L/coin/lib -ltasa rame [other libraries)'. If your compiler does not
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support '-L' syntax, you can use the archive explicitly: 'Id [source .o files
/camon/lib/libtaskfra.. a'.

Libtaskframe depends on libclass, libpo, and libtask.
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3 Functions

The following sections describe each function provided by libtaskframe, including the format
and meaning of its arguments, and the meaning of its return values (if any).

3.1 tankfrjinit

void taskfr..init()

tasktz-init initializes libtaskfame. Call this before calling any other libtaskframe functions
or any specific t&skfame initializations.

3.2 taskfr..class-init

void taskr..clasa.init (parent..class)
CLASS..PTh parent-.class;

'parent.class'
Specifies the parent dlans (such as C2obj class)

tankfr..claau-init create. a handle for attaching taskframe class information to entries. The
paremt-.class is one created with clasu-doclar...class.

3.3 taxkfr.create

void tankfr..create(mntry. 0b)
PO..DS...UM *entry;
PO..DAT*USE *0b;

'untry9 Specifies the task frame's entry in the P0 database
Ga' Specifies the P0 database

taskfr..create creates the taskfrazne class information for a entry and attaches it to the en-
try's libclaa user data. This function will not attach any data if the P0 object class is not
obi .ctC1aaaTaskhrasi.
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3.4 taskfr.destroy

void tasr.deetroy(entry)
PO.DBUThY *entry;

'entry' Specifies the task frame's entry in the PO database

taukfr.destroy frees the taskframe class information for a entry.

3.5 taskfrchanged

void taskfr.changed(entry)

PO.i.DBiNTlY *entry;

'entry' Specifies the task frame's entry in the PO database

taskfr.changed updates the taskframe class information in response to a libpo object-.changed
event.

3.6 taskfr4et-next

int32 tuktr.g t.nezt(entry. subsequent)
PO.-.DO-ThY *entry;
PO.D L.DTlT *sbsequent 0;

'entry' Specifies the task frame

'subsequen'
Returns a list of subsequent frames

taskrt.lr.new returns a list of task frames which come after this one. The return value
indicates how many taskframes were returned.

3.7 taskfr.check.enabling
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int32 tasktr.check...nabling(entry, vehicle-id,
current..opaqua..t ask.f rams ,
uuu..ecuting..taaks, executing.tauks)

PO..DD..EIY *entry;
int:32 vehicle..id;
PO..DD..ENY *current.opaqu...taak.frame;
int32 num..xecuting..tasks;
PO..DB-EETY *excuting..tasks 0;

'entry' Specifies the task frame
&vehicle-id'

Specifies the vehicle execution context
'current..paqa.takfakis'

Specifies the exectuing opaque task frame in current context

'uuu...zctuing-.tasks'
Specifies the number of executing tasks in current context

'.xectung.tasiks'

Specifies the list of exectuing tasks in current context

taskfr..check-onabling returns a TRUE or FALSE value indicating whether the enabling tasks
of the passed task frame indicate that it should be pushed.

3.8 taskfr-get.-tasks

1nt32 tasktr-gt.tasks(entry, tasks)
PO..DDJUIT *entry;
PO..DBINTY nasks 0;

'entry' Specifies the task frame

'tasks' Returns a list of task in the task frame

taskfr..gt..tasks returns a list of tasks in the passed frame. The return value indicates how
many tasks were returned.

3.9 taskfr..su bsequ ent -ask

PO..DBJITY .-taxkfr.subsequent-.tank(entry, model)
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PO.I-.BTImY *entry;
uint32 model;

'etry' Specifies the task frame
'model' Specifies the model number of the desired task

tasktr.subaequent.task finds the task with the specified model in one of the frames subse-
quent to the passed frame.

3.10 taskfrprimary.task

PO.-D..ITRY *tktr.primua.task(mntry)

PO.DM.ITRY *enzy;

'entzy' Specifies the task frame

taakfr.primary.task finds the primary task of a frame (if no primary task can be found,
returns NULL).

3.11 taskfr-task-earch

PO.D.DrtRY *tauktr.tak.search(.ntry, model)
PO.DBEITRY *entry;
uint32 model;

'entry' Specifies the task frame

'model' Specifies the model number of the desired task

tkfr.task.search finds the task with the specified model in the passed frame. This is much
more efficient than finding the task with po.query.for.current.objects.

3.12 taskfr-get-background -task

PO.I.DTTY taakfr..get.background.-tak(db, unit.entry, task-odel)
PC.DATABASE *db;



Chapter 3: Functions 9

PO..D rltY unit-..ntry;
uint32 task.odel;

'db' Specifies the PO database

'imit.entry'
Specifies the unit which is to execute the task

'task.model'
Specifies the SAF model number of the task

takfr..get-backgromd.task searches the background frame of the passed unit for a task with
the specified model.

3.13 taskfrJetbackgrou nd-task

PO.DB.ETRY *taskfr.set.background.task (db, unit.entry task-model,
paramsize, initial.params.
state-size, initial-state)

PO.DATABASE *db;
PO.DBE1TRTY *unit._ entry;
uint32 task-odel;
uint32 paramasize;
ADDRESS initial-parm;
uint32 state.size;
ADDRESS initiaL-state;

'rb' Specifies the PO database
limit-entry,

Specifies the unit which is to execute the task

'task.model'

Specifies the SAF model number of the task

'parm.eiz.'
Specifies the size of the task parameters

'inil~t LLpatrsis'

Specifies initial values for the task parameters (or NULL)

,state..a ize'
Specifies the size of the task state

'initial.state'
Specifies initial values for the task state (or NULL)
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taukfr.-se.backround..tak ensures that a task of the specified model appears in the specified
unit's background frame. This can be used at initialization to add default behavior (such as task
arbitration) to individual-level units. If a new task must be created, it's parameters and state are
initialized with the passed values (NULL pointers indicate that the corresponding data should be
zeroed). The return value is the existing, or created, task.

Note that if a task of the corresponding model is found (such as would happen after a vehicle
migration), the task is not changed.

3.14 taskfr-u p date -backgrou nd. task

void taskfr.updato.background.tauk(db, unit.ntry, task.model,
ne.paramoters)

PO.DATABASE *db;
PO.DB.EDTRY *unit.entry;
uint32 task.*odol;
ADDRESS no.paametoers;

'b' Specifies the PO database

umit-.entry'
Specifies the unit executing the background task

'tauk.odel'
Specifies the SAF model of the background task

'now.paramstrs'
Specifies the new parameters desired

taukfr.updat-.backpround.utak attempts to find a task of the specified model in the specified
unit's background frame, and change its parameters to the new values.

3.15 takfr-get-label

char , uakfr.get.label(db, entry)
PO.DATABASE *db;
PO.DBoIITRY *entzy;

'db' Specifies the PO database
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'etry' Specifies the task frame

tankfr..et.label finds a label associated with a task frame. It attempts to find the label
associated with the first object referenced by the primary task of the frame. If none can be found,
the empty string "" is returned.

3.16 taskfr.deleteall

void tanktzr.delte-all(db, entry)
PO.DTABASE *db;
PO.DB.KENrY *entzy;

'b' Specifies the PO database

'entry' Specifies the task frame

taskfr.delete.all deletes all the tasks, their states and the taskframe itself.
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4 Events

The following sections describe each event provided by libtaskframe.

4.1 taskfrassignment-callback

CALLBACX.EIVT.PTR %aukfr.ausipgnmt.callback;

The taskfr.uasipsimnt.callback event fires in response to the unit field of a task frame being
modified. Note that this callback fires outside the the PO object.changed thread, so changes to
the PO database in handlers are perfectly safe.

The handler should be prototyped as follows:

void handlr(db. takfraue)
PODATABASZ *db;
PO.BEMThY taskfrma ;
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1 Overview

The task manager is responsible for running all the tasks in the current frames for a SAF vehicle.
The algorithm used is as follows:

I. Get a list of roles which this vehicle is playing (such as company commander, platoon leader,
etc.). One of these roles is always that of the vehicle itself.

2. For each of those roles, determine if any of the current task frames have been unassigned.
Remove those task frames from the stack.

3. For each of those roles, determine if the enabling tasks of any subsequent frames indicate that
those frames should be executed. If so, start one new frame. The frames immediately after
the topmost frame on the task frame stack, and those immediately after the topmost opaque
frame on the stack are tested. If more than one frame is enabled simultaneously, the user is
notified, and one is chosen arbitrarily with opaque frames chosen over transparent frames.

4. For each role, traverse the current frames (including the background frame and all frames on
the task frame stack down to the first opaque frame) and collect a list of tasks to execute. If
a task of a certain class is encountered more than once, only the first occurence will be kept.
Currently no classification is done, and only exact SAF model redundancy wil be detected.

5. Sort the execution list such that the before and after restraints of each task are not violated
(see section 'task.register' in LibTask Programmer's Manual).

6. Compare the resulting list of tasks, and determine if any tasks which were executed last tick
are not in the new list. Of those, suspend those which are still running.

7. Execute the tasks in order.
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2 Usage

The software library 'libtaakugr. a' should be built and installed in the directory
'/coinon/lib/'. You will also need the header file 'libtaak~z.h' which should be installed in the
directory '/co=on/includ*/libinc/'. If these files are not installed, you need to do a 'nake' in
the libtaskmgr source directory. If these files are already built, you can skip the section on building
libtaskmgr.

2.1 Building Libtaskmgr

The libtaskmgr source files are found in the directory '/coamon/llbsrc/libtaukmp'. 'IRCS'
format versions of the files can be found in '/nfs/co on.rcllibsrc/liblakqg'.

If the directory 'cosion1liberc/libtauakir' does not exist on your machine, you should use
the 'guabuild' command to update the common directory hierarchy.

To build and install the library, do the following:

# cd coon/ibrc/1ibtaskqp
* co PCS/e,v
# make install

This should compile the library 'libtaakqr. a' and install it and the header file 'libtaski .h'
in the standard directories. If any errors occur during compilation, you may need to adjust the
source code or 'Nakef ie' for the platform on which you are compiling. libtaskmgr should compile
without errors on the following platforms:

" Mips

" SGI Indigo

" Sun Sparc

2.2 Linking with Libtaskmgr

Libtskmgr can be linked into an application program with the following link time flags: '1d
source .o files] -L/coson/1ib-lankn " [other libraries]'. If your compiler does not
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aupport '-L' syntax, you can use the archive explicitly: 'Id [source .0 o2 iIes3
/common/Ib/libtask.~ a'.

Libtaskmgr depends on libclass, libparmgr, libpo, librdrconst, libreader, libtask, libtaskframe,
and libvtab.
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3 Functions

The following sections describe each function provided by Iibtaskmgr, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 taskmngr init

void 'tas~r..Init()

taaogr.init initializes libtaskmgr. Call this before any other libtaskmgr function.

3.2 taskm gr..register..reent rant.-task

void taar.regiter-eentant:as (af -zodel)
uiut32 oafLsodel;

Speci"e the SAF model number of the task

tasp..registez..reetant.task inform the taskmgr that the specified task was written
such that it can be executed multiple time. within the sae vehicle. This is a requirement for per-
sistent unit-level background tasks, since they may be executing on multiple levels of the hierarchy
simultaneously.

In this context, reentrant implies that, like an enabling task, the task has no per-instantiation pri-
vate state variabl. Privat. variables which provide general system context (such as a PO..DATABASE)
are acceptable, but local copies of information held in the shared TaskStat. structure are not.

3.3 taskmgr-classainit

void taftogr.class-init (pazent-.clauu * acceptance..callback)
CLASS-TA parent-.claue;
TA5KNAACTANCE-TEST acceptance..callback;



6 LibTakMgr Programmer's Guide

Class of the parent (declared with claas.declar..claus)
'acceptmnco.cullback'

Specifies function to call to determine if a unit accepts an assigned order

taskr.clas.init creates a handle for attaching taskmgr class information to vehicles. The
parent.claus will likely be wadobj.claus.

The accpelance.callback should be declared as follows:

int32 acceptanco.-e(vehicle.id, taukfrae)
int32 vehicl.id;
PO..UMTRY *tastrm;

A return value of TUE indicates that the unit should perform the assigned taskframe; FALSE
indicates that the unit should ignore the assigned taskframe. This allows an application to model
radio message oss, insubordination, etc. Note that this is called in the thread of a LibPO object
changed callback (where the object which changed is the passed task frame). Thu to later accept
a frame which was originally rejected, an application should modify the taskframe to trigger a new
invokation of this callback.

A NULL accqnmnco.callback indicates that all orders should be accepted.

3.4 taskmgr-create

void ta -cr.czoteo(vehicl.oid, par , db)
inu32 vehicl.id;
TAS= LPARAITICDATA parms;
PO.DAT*3ASE Odb;

'vehicle.id'
Specifies the vehicle ID

'lpara' Specifies initial parameter values
'b' Specifies the persistent object database in which tasks and task frames can be found

task .creato creates the tkmgr class information for a vehicle and attaches it to the
vehicle's block of libclas user data.
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3.5 taskmgr.destroy

void taskgr.destroy (vehicle. id)
int32 vohicle.id;

'vehicleid'
Specifies the vehicle ID

taslm..doatroy frees the taskmgr clas information for a vehicle. This should be called before

freeing the class user data with class.fro.uor.data.

3.6 taskmgr-tick

void t ukmgz ick (vehicle. id)
int32 vehicl.id;

'vehicle.id'

Specifies the vehicle ID

taslms...tick executes the algorithm described in the overview of this document (see Chapter 1

[Overview], page 1).

3.7 taskmgrtask.done

PO..DB. T wt ,ta"sk.done(vehicle.id, nodl)
int32 vohiclo.id;
int32 model;

'vehicl.id'
Specifies the vehicle ID

'mode,' Model ID of a task to query for.

t~as _r.task.done checks list of currently executed tasks and returns a pointer to the task if

the model has already been executed during this iteration of the taskmanager.
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3.8 taskmgr4et-task

PO..DrJUY *taukb z.get._task(vehiclo, id, model)
1nt32 vhicle.-id;
int32 model;

'vehicle. id'
Specifies the vehicle ID

'model' Model ID of a task to query for.

tasa.git-.tank searches the list of tasks currently being executed by this vehicle for one
matching the passed model, and returns it. If non-NULL, the returned object is guaranteed to be
of objectClanuTak.
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1 Overview

LibTaskPri provides a task management service to support mutual arbitration (see section 'Ar-
bitration' in ModSAF Programmer's Guide). Tasks register the criteria under which they need to
control a critical resource (such as output to an acutator like the hull), and each tick these criteria
are resolved against a set of priorities to determine which task gets that resource for that tick.

Criteria for deciding when the resource should be controlled can be very simple (e.g., whenever
the task is running) or quite complicated, involving tests of task state, the state of other tasks,
etc. One way to deal with this sort of complexity is to use callback functions to make these
determinations. However, in many cases this is more than is really needed, and would certainly
lead to a lot of very similar code repeated throughout the system.

Instead, libTaskPri defines a simple meta-language in which the logical combinations which
make up the criteria are put together in a data structure which is parsed at run time. C macros
are provided to give tLv' definition of this structure the feel of a programming language.

The AAFSM code generator (see section 'AAFSM Code Generator' in LibTask Programmer's
Manual) is aware of libTaskPri, and provides convenient notation for interfacing to this library.
Thus, many tasks which use libTaskPri never explicitly call libTaskPri functions (they are called
by generate code, instead).

Each SAF object has an instance of the Taskliority subclas, which has parameters in the
following format:

(SM.Takriority (ta ks
("<group nsame> <SAF Model> <SAF Model) <SAF odel>...)
("<group nam>" <SA Modl> <SAF Model> (SAF Model>...)

The group namue is a character string identifying the resource which needs arbitration. This
name is passed to libTaskPri in the registration and predicate functions, to identify the resource at
run time.

The SAY Models listed express the priority of tasks which may control the resource. The order
of these numbers implies a prioritization, with earlier tasks taking higher priority.
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When the program is running, the tasks selection process can be viewed in real time by enabling

taskpri debugging.
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2 Logic Meta-Language

The logical expression which is used to determine whether a task wants to control a resource

is specified using a data structure, organized as a post-fix (RPN) list of instructions. However, to

improve readability and to reduce errors, as set of C macros can be used to construct this data
structure more readably.

The macros are as follows:

TASKPRr._END
Specifies the end of a list of instructions. This should always be the last thing specified.

TASKPRI.AD(oxpr, expr)
TRUE if both expressions evaluate to TRUE.

TASKPR.AN(epr, .xpr, expr)
TASKPRI.AND4(ezpr. expr, .xpr, expr)
TASKPI.AD6(.pr. .pr. expr. oxpr, expr)
TASKPI.AND6(expr, .xpr, expr, expr, .xpr, expr)

TRUE if all their expressions evaluate to TRUE.

TASR2L.OR(.pr. .zpr)
TRUE if either expression evaluates to TRUE.

TASXPRI.OR3(ezpr, expr, .epr)
TASPR..O04(ezp prpr, .zpr. expr)
TASKPIR.ORS(xpr. .zpr, expr. .zpr, expr)
TASIKPR.RO( zpr, .p. .xpz, ezpr, expr. zpr)

TRUE if any of their expressions evaluate to TRUE.

TASPR_..T(.xpr)
TRUE if the expression is FALSE.

TASKPRI.r.RUIIIG
TRUE when the task is in any "running" state (all but the FSM-generated not-started,
endied, suspended).

TASPR.IIN.STATE(state)
TRUE when the task is in the specified state.

TASKPRI.SELECTED(tak model, group)
TRUE when the other specified task has been selected to provide output for the specified
group.

TASKPRI.FUICT ON (function, argument)
The return value of the invocation
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function(vehicl...id * arguent, taak...ntry, stat....ntry)
int32 vehicle-d
int32 argusent;
PO..DB..EIIY *task-entry;
PO..DD..EIRY *stat...eutry;

I See the example (see Section 2.1 [Examples], page 4) for sample usage.

2.1 Examples

Task provides output if in any running state except idle, unless in the needy state, in which case
only if task SiNlielper is controlling the "helper" group, and the function ready with argument
3 returns TRUE:

(runing M& ! (state -idle) U
(! (state -Mneedy) I

((SiRelper is selected for "helper") Ub ready(3))))

Is expressed as:

TASKPRI..LOGIC stack 0*I TASKPRI..hND3(TASKPRI-A M ING,
TASXPRI..IOT(TASPR.II.STATE(idle)),
(TASDPRX.OR(TASPRINOT(TSPRINSTATE6.edy)).

TASXPRI..AD(TASPR-SELECTE(SNjlper.I "helper"s),
TASPRIJ.UCTIO(ready, 3)

TASXPRI-3ND }

I ~ ~taskpri-.register.for-group(SNinytask.
TASKPRI..OV ST(RYTASK..STATE),
reader-.get.synbol ("-actuator"),

stack);
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3 Functions

The following sections describe each function provided by libtaskpri, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 taskpri-init

void taskpri-init()

teskpriiait initializes libtaskprn. Call this before any other libtaskpri function.

3.2 taskpri-regiter-for-group

void taskprz-register.tor-.poup(model, state-.offset, group-symbol, criteria)
uuit32 model;
uint32 @tate..offset;
char *group-.symbol;
TASMPRX..LOGIC *criteria;

0m04el' Specifies the model number of the task

'state-off set'
Specifies the address of the state variable state within the task state data structure

'group-symbol'
Specifies the name of the group which is to be controlled, as a libreader symbol (see
section Wraderget-aymbol' in LibReader Programmer's Manual)

'criteria'

Specifies the execution criteria (see Chapter 2 (Logic Meta-Language], page 3)

taskpri..register-for..poup registers the method by which a task will indicate whether it
wants to run a group. The state-offset can be conveniently passed as

TA3IPRI.OFFWE(<TASKNANV..STAT9)

The criteria are presented as a logical collection of primitives in post-fix order. The logic is
assumed to be stored in non-volatile (global. static, or dynamically allocated) memory.
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3.3 taskpri-class-init

void taakpri.claus.Lnit (parnt.class)
CLASS.PTR paren.-clas;

'paxent.claus'
Class of the parent (declared with claus.doclar.class)

taskpri.clau.sinit creates a handle for attaching taskpri class information to vehicles. The
parent.class will likely be safobj.claau.

3.4 taskpri.create

void tankpri-create(vehicle.id, parss, db)
lntS2 vehicle-id;
TASZPR..PAAKTRXC.-DATA eparas;
PO.DATABASE *db;

'vehicle .d'

Specifies the vehicle ID

'panwam' Specifies initial parameter values
'db' Specifies the PO database

taakpri.coate creates the taskpri class information for a vehicle and attaches it vehicle's
block of libcla user data.

3.5 taskpri.destroy

void taskpi.destroy(vahiclo.id)
int32 vehicleid;

'vehiclo.id'
Specifies the vehicle ID

taukpri.dostroy frees the taskpri class information for a vehicle. This should be called before
freeing the class user data with class-free.user.data.
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3.6 taskpri-melect

void tmakWi.slct(vhicl...id. n-ezecs, .zoc..list)
int32 vehicl*-id;
int32 n-ebece;
PO..DS..ZMY *.z~c..list 0;

'vehicl...id'
Specifies the vehicle ID

'neozoca' Specifies the number of tasks which will be executed
'ezec..liut'

Specifies the tasks which will be executed

taakprl..aelect selects which of the tasks which ame going to be run will be allowed to provide
output this tick. This is run as part of the task management algorithm.

3.7 taskpri-enabled

int32 taskpri-onabled(vhicle-id group..uymbol * task)
int32 vehicle~id;
char *group..373bo1;
PO..DSJNTRtY *tsk;

'Vehicloejd'
Specifies the vehicle ED

'Vvup-symbol'
Specifies the name of the group which is to be controlled, as a libreader symbol (see
section reader4st..ymbol' in Libleader Programmer's Manual)

'task' Specifies the task which wants to provide output

taskpri...mabled returns whether the passed task has been selected to provide output this tick
for the specified group.
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1 O verview

Libtdbtool is a tool for calculating intervisibility between points, in a terrain area, in a vehicle

area, and between vehicles. It uses libctdb to find the elevation and determine the visibility at each

point. The tool also provides a cross section of the terrain. There are four types of intervisibility

that can be performed: terrain point-to-point. terrain area. vehicle point-to-point and vehicle area.

For terrain point-to-point, the cross section of that line is also calculated, as well as the distance
between the starting and ending points, and the coordinates of the start and end points. The

line that is drawn on the screen for terrain point-to-point shows green for fully visibile, green-to-
black dithered for partially visible and black for blocked. The line also contains tick marks at the
same interval as the current grid on the screen. Libtdbtool uses two tactmap objects to display in
intervisiblity on the screen. See libtactmap for more information.
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2 Functions

The following sections describe each function provided by libtdbtool, including the format and
mean ing of its arguments, and the meaning of its return values (if any).

2.1 tdbtool-init

void tdbtool.init()

tdbtool.init initializes libtdbtool. Call this function before calling any other libtdbtool func-
tions.

2.2 tdbtool.create-editor

int32 tdbtool.createeeditor(data.path, reader.flags,
gui, tactuap, tcc, ctdb, uaperase.gc,
sensitive, refresh-event, db, pvd,
refresh.control.callback, refreahcontrol.arg)

char *data.path;
int32 reader.flags;
SGUI.PTR gui;
TICTAP.PTR tactuap;
COORD.TCC.PTR tcc;
CTDB *ctdb;
GC uap.erasegc;
SISTVE.WUNDO0LPTR sensitive;
CALLBACK.EVENT.PTR refresh.event;
PO.DATABASE *db;
PVD.GUI.PTR pvd;
void (*refreshcontrol-callback) ();
ADDRESS refreshcontrol-arg;

'data-path'
Specifies the directory where data files are expected

'reader.flags'

Specifies flags to be passed to reader-read when reading data files
'gui' Specifies the SAF GUI

'tactuap' Specifies the tactical map
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'tcc' Specifies the map coordinate system
'ctdb' Specifies the terrain database
'Uap.*res*gc'

Specifies the GC which can erase things from the tactical map
'sensitive'

Specifies the sensitive window for the tactical map
4refreshbevent'

Specifies the event which fires when the map is refreshed

'b' Specifies the persistent object database

'pvd' Specifies the PVD

'refresh.control.callback'
Specifies the routine to call when the terrain tools is started to turn off refreshing the

non-terrain of the tactmap
'refreehcontrol.arg'

Specifies the refresh terrain event to be turned on and off.

tdbtool.crate.editor creates the tdbtool editor. The data file ('tdbtool. rdr') is read either
from '.' or the specified data path, depending upon the reader.lags. The reader.flags are

as in readerread. The return value is zero if the read succeeds, or one of the libreader return
values: READEtlREADERODR, READEtFILE.IOTFOUID. When the tdbtool editor is invoked, the

non terrain refresh in the tactmap is turned off. It is turned back on when the tool is exited.
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1 Overview

Libtime supports two millisecond resolution clocks: a real time clock which is driven by the
system, and a simulation clock which moves at a constant positive factor * real time. A simulation

clock in DIS time units is also provided.

The library also provides functions for use with the Persistent Object protocol TimeDateGroup

structure, as well as conversion macros to convert between DIS and millisecond time units.



2 LibTime Programmer's Guide



Chapter 2: Examples 3

2 Examples

To get the value of the real time clock:

uint32 t;

t a tiimo-realtimo-clocko;

To get a recent value of the real time clock, without the expense of reading the system clock:

uint32 t;

t a time.lat-realtim.clock;

Given a known unix time (seconds since 1970), generate the appropriate TimeDateGroup:

*include <p.po.h>

TieDateGroup tdg;

tiue.tdg-fro-second (unixseconds, ktdg);
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3 Functions

The following sections describe each function provided by libtime, including the format and

meaning of its arguments, and the meaning of its return values (if any).

3.1 time-init

void tim. init(max.forvard.-tep)
uint32 maxforvard-.tep;

'maxjorard.-.tep'

Specifies maximum reasonable time increment between calls.

tim.init initializes Ubtime. Resets clocks. The maxforvard.step, if non-zero, specifies the

most real time which may pass between successive calls to time-advance-s.uiulation.clock or
time-realtium.clock. For example, passing a fairly large value (such as 1000 ms) will automati-
cally cause time to stop advancing when single stepping with a debugger.

3.2 tim e.Ad vance.uimulation -clock

uint32 tiu.advance.simulationclock()

tim.advanc.simlation.clock returns the time of the simulation clock in milliseconds.

3.3 time-realtime-clock

uint32 tim.realtim.clock()

tim,,_realtim.clock returns the time of the real time clock in milliseconds.
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3.4 time-last.simulation.-clock

uint32 tim.laa t.simulation.clock

tin.lat-.siulaion.clock retains the last value returned by
time.advance.suiulationclock.

3.5 time-last-simulation -dis -clock

uint32 tiu..las s.iulation.dia.-clock

t i-e..ast-smulation.dis.clock retains the last value returned by
tie .advance.sinulation.clock, expressed in DIS time units. In DIS, the most significant 31
bits of a 32-bit time field contains the time in units of the following duration: 1 hour = 2^31-1 time
units. This time implements DIS relative timestamping, and the least significant bit is always 0.

3.6 time-last.realtime..-clock

uint32 ti..last-.raltim.clock

tiue.last.raltiu.clock retains the last value returned by time-realtia.clock.

3.7 time.setsimulation -rate

void tim.set.siaulaion-rate(positive.ultiplier, limit)
float64 posi1tivomul1tipl ior;

uint32 limit;

'positive.multiplier'

Specifies the rate of %i,,laLin relative to real time.

'limit' Specifies a simulated time to r,,ach before it is time to go back to the rate 1.0 x real
time.
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tim.et-.slulaton.rate sets the relationship between the simulation clock and real time.

If a non-zero value is given as the limit, the simulation rate will switch back to 1.0 when that
simulated time is reached.

3.8 time.-simulationto-realtime

uiat32 tiae.uilm.ation-to..zaltim (simulaton.clock)
uint32 sixulation_ clock;

'siulation.clock'

Specifies a simulation clock time.

time.sinulation.to.realtims determines the real time which corresponds to the passed
sizalation.clock time, given the current simulation rate (of course, if the simulation rate changes
before the passed siumiation.cock time is reached, this answer will be incorrect).

3.9 timeparse-date

uint32 tim.parse.date (date.-tring)
char *datestring;

'date.string'
Specifies "YYMMDD" string to parse.

tim.parse.date given a string of the form "YYMMDD", returns an integer with the value
YYMMDD. Returns 0 if the date is not of the correct format.

3.10 time.parse.time

uint32 tim.parse.-te (tim.etring)
char *ti..string;

'Siu.t.strina'
Specifies "IHHMM' ' string to parse.
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Given a string of the form "HHMM", time..parse..ti returns an integer with the value
HHMM. It returns -1 if the time is not of the correct format.

3.11 tim e.tdg-from -seconds

void tine.tdg.fro..soconds (soconds, tdg)
uint32 seconds;
Tin.Dat*eGroup *tdg;

'seconds' Specifies a unix time.
'Itg' Returns a protocol time-date-group structure.

Given a "unix" time (seconds since 1970), tim.tdg..frol.seconds fills in the passed Time-
DateGroup structure.

3.12 tim e.tdg-from..date.t im e

void time.dg.fron.date.tinm(date, tie, tdg)
uint32 date;
uint32 tine;
TieDateGroup *tdg;

'date' Specifies a date in YYMMDD format.
'tine' Specifies a time in HHMM format.

',tdg' Returns a protocol time-date-group structure.

Given a date in the form YYMMDD and a time in the form HHMM, time-tdg.fro.datse.time
fills in the passed TimeDateGroup structure.

3.13 tim e.tdg.from.unix

void tie.tdg.frou..tmix(tdg)
TinmDateoGroup *tdg;

'tdg' Returns a protocol time-date-group structure filled in with current unix time.
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-tim-.tdg-f ran-uixi Mil in the passed TimeDateGroup structure, based upon the result of a
call to Unix time.
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4 M acros

The following sections describe each macro provided by libtime, including the format and mean-
ing of its arguments, and the meaning of its return values (if any).

4.1 TIME_MS_TO_-DISFACTOR

TIZE.MSTODIS.FACTOR

TIMLMS.TO.DIS.FACTOR is defined as the number of DIS time units in a millisecond. It is equal
to (2-31 - 1) / 60 * 60 * 1000.

4.2 TIMEMSTODIS

TIMES.TO.DIS(t)

6V' Specifies a time in milliseconds

TIMES.TO.DIS returns the time t, passed in as milliseconds, as DIS time units.

4.3 TIME_DISTO.MS

TIME-DIS.TO.NS(t)

&V Specifies a time in DIS time units

TIM.DISTO.MS returns the time t. passed in as DIS time units, as milliseconds.
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1 Overview

Libtracked implements an instance of the hull class of components. It provides a low-fidelity
model of tracked vehicle dynamics. Capabilities are modeled only to the second order (maximum
velocity, maximum acceleration), and they depend upon the soil type. Unlike previous models,
the parameters for each soil type are specified in a data file, so the software does not need to be

modified to accommodate new types of terrain.

The parameters of a tracked vehicle are specified in its configuration file as follows:

(tracked (soil' ((integer soil type> (maxuspeeds <float forward KPH>
<float reverse KPH>)

(max-accel <float mpl2>)
(max.decel <float nps2>)
(max-turn <float dps>)
(max-climb <float degrees>)
(dust.speeds <float mallKPH>

<flost mdiwulPlH>
<float largeKPH>))

((nteger soil type> (max.speeds <float IPH>
<float reverse KPH>)

(max.accel <float mps2>)
(max-decel <float mps2>)
(max-turn <float dps>)
(max-climb <float degres>)
(dust-.speeds <float umallKPH>

<float mediunKPH>
<float largeKPH>))

(fuel.usage (<float speodl> <float speed2> ...)
(<float ratel> <float rate2> ... ))

The parameters specified ior soil type 0 (or the first soil type, if no 0 type is provided) are used
as a default when on a soil type not in the list.

To indicate that the vehicle should not kick up any dust on a kind of soil, specify a speed which
is higher than the maximum the vehicle can travel across that soil.

The fuel-usage table consists of a list of speeds in kilometers per hour, with a list of corresponding
consumption rates in liters per hour. If an older vehicle parameter file is used, with a scalar
fuel-usage figure, it will ignore it and use the internal default corresponding to 8 kilometers per
liter. The minimum table size is one speed/rate pair.
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Applications interface to the tracked model primarily through the libhuUs interface. The most

efficient interface for controlling vehicle motion is HULLS.SET.DIRECTION.SPEED. All interfaces use

only two dimensions of the provided parameters. Also, when a direction vector is given it is not

necessary to make that vector a unit vector. Libtracked will do the normalization only if it is
necessary (for example, if the vehicle is already pointing the right way, no normalization is needed).

Libtracked supports only one instantiation per vehicle (i.e., a vehicle may not have more than

one tracked hull).

The libhulls library defines a common set of functions (and the semantics of those functions)
which are invoked on instances of the hulls class (such as those instantiated by libtracked or libfwa).
It is possible to modify the tracked model by changing an exisiting hulls interface function or by
adding a completely new function.

To modify an existing libtracked interface function would require the following actions:

1. If the change occurs only in the function body, only change the function code in the libtracked
library. If the change occurs to the function's argument list, change the function code in both
the libtracked library and the hulls interface structure definition found in libhulls.h. Also to
maintain the common hulls interface, change the code for the modified function in any other
hull specific component libraries (such as libfwa or libmissile).

2. Recompile ModSAF.

To add an additional libtracked function to the current model would require the following actions:

1. Write the function as part of the libtracked library. The function is written in the code which

manages the libtracked class information attached to each vehicle (trk-class.c).

2. Add the function and its declaration to any of the other hull specific component libraries. This

maintains the common hulls interface.

3. In the libtracked source code that handles libhull initialization processing, include a func-
tion.number, function entry identifying the new function for the cmpnt.defin..instance
function and every other hull instance library (libfwa, libmissile, etc.).

4. In libhulls.h, add an entry to identify the new macro and associate it with a function code
number. This new addition means that the number of hulls functions must be incremented by
one. The hulls interface structure definition that appears in libhulls.h must include a structure
to define the new function's argument list.

5. Recompile ModSAF.
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To replace this tracked model with a completely different one would require the following actions:

1. Decide on the get functions and set functions that would be required in the new model. Try to
map these needed functions to the existing hulls interface. A function can map if its argument
list can remain the same. Functions that can not map must be added to the hulls interface.

2. For those functions that can map to the existing hulls interface but whose code body you want

to change, edit the code for the function in the libtracked source file that contains the code to
manage the libtracked class information (trk-class.c).

3. For those functions that can't map to the existing hulls interface, add an additional function
to the hulls interface. The addition procedure was described above.

4. Recompile ModSAF.
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2 Examples

To get the component number of my hull:

extern int32 my.hull;

if ((my.hull a cmpntlocate(vehicle.id, reader.get.symbol("hull"))) a-
CMPT.NOT.FOUND)

printf('Vehicle %d does not seem to have a hull\n", vehicle-id);

To then give a command to that hull:

if (m.hull != CPUT.OTFOUND)
HULLS.SET.DIRECTION.SPEED(vhicle-id, hull, dirvec, speed, 0.0, 0.0);
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3 Functions

The following sections describe each function provided by libtracked, including the format and
meaning of its arguments, and the meaning of its return values (if any).

3.1 tracked-init

void tracked.inito )

tracked.init initializes libtracked. Call this before calling any other libtracked functions.

3.2 tracked-classjinit

void trackodclassinit (parent-class)
CLASS..PTR parent.class;

'paront.class'

Class of the parent (declared with classodeclar.-clas8).

tracked.clasu.init creates a handle for attaching tracked class information to vehicles. The
parent..class is one created with class-eclareclass.

3.3 tracked-tick

void trackd.-tick(vehicle.id, ctdb)
int32 vehiclo.id;
CTDB *ctdb;

'vehicle oid'

Specifies the vehicle ID
'ctdb' Specifies the terrain database the vehicle is operating on.

tracked-tick ticks the tracked hull dynamics model.
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3.4 tracked -collision

void tracked.collision(vehicle-id. position, coll..type,
other.id, other-mass, other.velocity)

int32 vehicle.id;
float64 position[3j;
uint32 coll..type;
int32 other-id;
float64 other-.mss;
float64 other.velocity[3];

'vehicle-id'

Specifies the vehicle ID

'position'

Specifies the position of impact in world coordinates
'coll..type'

Specifies the type of collision

'other.id'

Specifies the vehicle ID of the other party (or 0 if terrain)
'olthermas'

Specifies the mass of the other party

'o1ther.velocity'

Specifies the velocity of the other party

tracked.conilsion tells the tracked hull dynamics model that a collision occured. The colltype
should be one of the libcollision constants:

COLL.TREES
Indicates crossing a treeline or canopy edge.

COLL.BUILDIIGS

Indicates crossing a building or other structure. If the other structure is represented
on the network, the vehicle ID of that structure should be provided.

COLL.GROUND
Should not be checked for ground vehicles.

COLL.PLATFOPRI
Indicates intersecting it id.tform (vehicle, DI, etc.).

COLLAISSILES
Indicates intersecting it na.-sil (an entity on the network with a munition type.
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3.5 tracked-damage

void tracked.damaa(vehicl.-id, damage)
int32 vehicle-id;
int32 damage;

'vehicleid'

Specifies the vehicle ID
'damage' Specifies whether the tracked dynamics should simulate being damaged

tracked-damage tells the tracked hull dynamics model that it is damaged (or not) depending
on the boolean value of the damage flag.
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1 Overview

Turrets is a SAF components class. The purpose of a components class is to define a common

set of functions which are invoked on instances of that class, and the semantics of those functions.

Other than defining these functional semantics, components classes don't actually *do* anything.

Access to turret functions is achieved through macros defined by ibturrets. These macros invoke
'cmpntinvoke' with a code number which identifies the function to run. Libcomponents then runs
this function for the particular turret mode via a jump table.

The table below shows how the turret component relationships have been currently implemented
via the ModSAF library structure.

specific libraries generic library architectural library

libgenturret libturrets libcomponents

As mentioned above, libturrets requires the services of libcomponents, an architectural library
which provides a level of abstraction away from the specific turret component interfaces. When the
ModSAF application gets set up to run, the libturrets initialization process directs libcomponents
to define a turrets component class. This information enables libcomponents to define a structure
to accommodate all of the turret instantiations a simulated object is allowed to have. The libturrets

initialization process also tells libcomponents the number of its defined turret interface functions.
This enables a simulated object's user data to be allocated enough space to hold the address of
each of the interface interface functions defined in libturrets.

The parametric data of libcomponents identifies each component that needs to be modeled when
a vehicle is simulated. For example, a component entry for a T72 tank might look like this: (see
the file named USSR.T72Mparams.rdr)

(SH-Components (hull SK.TrackedHull)
(turret S.GenericTurret)
(achine-gun [SM.BallisticGun I 0])
(main-gun [SMBallisticGun I 1])
(visual SM.Visual))

A T72M simulated vehicle (which belongs to the safobj class) will have component sub-class data
that tells the ModSAF software to maintain a structure that includes one libgenturret instantiation.
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Since an application will interface to libgenturret through hbturrets, a tank's turret control

commands (which are performed by libgenturret) are issued via the interface defined by libturrets.

Similarly, an application can obtain information about the state of its turret though the libturrets

interface. The table below shows the relationship between the specific and generic library for the
turrets component.

Instantiations of Belong to generic Have a command
of the library: component class: interface defined in:
------------------------------------------------- ----------
libgenturret turrets libturrets

The interface to libturrets is defined in its public header file (libturret.h). Applications interface
to the generic turret model primarily through the macros defined in libturrets. These macros
map to functions which are invoked on instances of the turrets sub-class (such as the libgenturret
component instantiated for a tank).

One interface for controlling a turret is the TURRETS.SET.AZIMUTH macro which maps to a

function that sets the desired azimuth (in vehicle coordinates) of the turret, and instructs the
turret to move to that azimuth in an optimal way for target tracking. A possible definition for this

macro is shown below.

*define TURBETS.SET.AZIUTH(.vid, . cnum, _azim)

TURRETSINTERFACE .tif;
_tif .u. setaziuuth. azinuth a .azim;
capnt-invok(TURRETS.SET.AZIKMUTFCN, .vid, .cnum, (ADDRSS)&.tif);}

The TURRETS.INTERFACE structure defined in libturret.h is the structure which is passed to any
turrets interface function. This structure is a union of structures that each define an argument list

for a turrets interface function. An abbreviated example that assumes there are only two interface
functions is shown below. Typically there will be more interface functions and therefore more
structure definitions in the union. The macros hide this structure from the users of these functions.

typedef struct turrets.interface

union{
struct turrets.sot.azinuth
{

float64 azimuth;
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} set.azimuth;
struct turrets.sot.azinuthsped.node

{
float64 azimuth;
float64 speed;
TURRETS.SL.NODETYPE mode;

} e .otazinuthspetd.mode;
} U;

} TURETS_-INTERFACE;

Issuing a command to an objects's turret component is done by invoking one of the macros
defined in libturrets. These macros identify the specific component function which needs to be
called. For example, invoking the TURR.ETSSET.AZIUtrH macro will result in the calling of the
set.azimuth specific component function. In the public header file of each generic library, macros
are associated with a function code number so that a call to the libcomponents library (via the
cmpntinvoke function) will dispatch a call to the appropriate function. The specific component
functions are defined and installed by the specific library (libgenturret). It is the specific function
(lbgenturret's set.azimuth) which is called when the macro is invoked.

Invoking the macro results in two actions: (1) setting up of the interface structure and (2)
passing of necessary information to libcomponent. The macro passes the vehicle id, component
number, and function pointer index to libcomponent so that the appropriate library (libgenturret)
data can be accessed. The requested function can require input (such as an azimuth and a speed)
and/or output (such as a setting). Therefore, libcomponents must also be passed the address of the
interface structure that holds this data. In the cmpnt.invoke(TURRETS..SET.AZINUT.FCI, .vid,
.cnum, (ADDRESS).tif); code segment shown above, TURRETS.SETAZIMUTIFCI serves as the

function pointer index, .vid provides the vehicle id, _cnum provides the component number, and
a.tif provides the address for the function's argument list.
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2 Examples

To initialize libgenturret, an instance of the turret class which provides for up to
GENERIC..TURRET...AX..TURRETS turrets per entity:

int32 i;
char buf [256);

for (i a 0; i < GENERIC-TURRET..KAX..TURRETS; i++)

(void) sprintf(buf, "turretl~d". i);
generic..turret-user-.data-handle Li)

clasu..resezve..user..data(parent..clauu. but, generic.turret-.print);

/* Tell libcomponents we are available. *
cmpnt-define-instanc.(S..GenericTurret, GENEM C.TURRET.MAX..TURRETS,

generic-turret-uer.data-.handle,
generic.turret-.create, generic..turret..destroy,
TURRETS-.SET.AZIMUTH-FCN, set-,azimuth,
TURETS.SET-.AZIN UTH SPED-..ODE-FCN,

*et-azimuth-..pe.&..od..
7JRRETS.SET.AZIIPJ7CUNVE-ODE.FCN,

set-azimuth-.curve..uode);

To get the component number of a turret with a particular name (such as "primary-turret"):

int32 turret;

if ((turret - capnt-locate~vehicle-.id, name)) w
CNPNT..IOT..FOUN)

printf ("Vehicle %d does not seem to have a turret called V\'Xs" n",
vehicle..id,
name);

To then give a command to that turret (the macro is defined by libturrets; it assembles a
TURRETS-..I InTEACE structure, and calls cmpnt..invoke):

if (turret is COPIT..NOT.FOUND)
TURRETS.SET-AZINUTI(vehicleid, turret, azimuth);
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3 Functions

The following sections describe each function provided by libturrets, including the format and

meaning of its arguments, and the meaning of its return values (if any).

3.1 turrets.init

void turreetsinitO()

tuxztu..init initializes libturrets. Call this function after cpnt..init, and before any specific
turret init functions.

3.2 TURRETS_-SET.AZIMUTH

void TURRETS.SET.AZIKUTH(°vid, .cnUm, -azim)

int32 .vid;
int32 .. cnum;
float64 .azim;

'..vid' Specifies the vehicle ID

'.cnum' Specifies the turret component number

'_azim' Specifies the desired azimuth in math radians. 0 is interpreted as pointing out the
Y-axis of what the turret is attached to, and rotation is positive counter-clockwise.

TURRETSSET.AZIMUTH sets the desired azimuth (in vehicle coordinates) of the turret, and in-
structs the turret to move to that azimuth in an optimal way for target tracking. A turret will
typically only be able to move to this azimuth in two ticks or more (this is because DIS has entity
articulations with speeds, so at least one tick must be consumed updating the desired slew rate in
the entity appearance PDU). To use this to track a moving target, best results will be obtained
by specifying a projected azimuth for two-ticks into the future (this is equivalent to "leading" the

gun).

3.3 TURRETS.SETAZI.I UTI1.SPEED.-MODE
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void TURRETSSET.AZIMUTSPEED.ODE(_vid, _cnus, _azin, _sp, -mode)
int32 .vid;
1nt32 .num;
float64 ..-&a;
float64 -sp;
TURRETS.SLEW.ODFTYPE -mode;

'.vid' Specifies the vehicle ID
'.cnue' Specifies the turret component number

'.aziW' Specifies the desired azimuth in math radians. 0 is interpreted as pointing out the
Y-axis of what the turret is attached to and is positive counter-clockwise.

.Sp Specifies a speed in radians-per-second

'mode' Specifies the direction of travel for the turret.

TURRETS.SET.AZIUTELSPEED_.ODE sets the desired azimuth (in vehicle coordinates) of the
turret, the maximum speed (in radians per second) to get to that azimuth, and the way to slew
the turret to that azimuth.

The -mode can have the following values:

TURRETS.SLEW.MNIIKUM
Move the turret in the direction that will get to the desired azimuth fastest.

TURRETS.SLEW.KAXIMUM
Move the turret in the direction that will get to the desired azimuth slowest. If the
turret is not fully rotatable, this will default to TURBETSSLEW.IMUINI

TURRETS.SLEW.CLOCKIUSE

Move the turret clockwise to the desired azimuth. If the turret is not fully rotatable,
this will default to TURRETS.SLEWMIIIMUM.

TURRETS_ SLEWCOUITERCLOCKWISE
Move the turret counterclockwise to the desired azimuth. If the turret is not fully
rotatable, this will default to TuRRETSSLE_MIIIxUm.

3.4 TURRETS.SET.AZIMUTHC URVE..M ODE

void TURRETS.SET.AZIMUTH.CURVE.MODE(_vid, .cnum, _azim, .hent, .ents, -mode)
int32 .vid;
int32 _ cnum;
float64 azim;
int32 _nent;
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TURN.TS-SLEW.CURVE.ERY .ents [;
TURRETS.SLEWHODE -mode;

'_vid' Specifies the vehicle ID

'_cnuZ' Specifies the turret component number
'.azim' Specifies the desired azimuth in math radians. 0 is interpreted as pointing out the

Y-axis of what the turret is attached to and is positive counter-clockwise.

'_nent' Specifies number of entries in the slew curve.

'.ento' Specifies an array of slew curve entries.

'.mode' Specifies the direction of travel for the turret.

TURRETS.SET.AZINUT.CURVEMODE sets the desired azimuth (in vehicle coordinates) of the tur-
ret, an array of speeds (in radians per second) to get to that azimuth, and the way to slew the turret

to that azimuth. The array of speeds is called a slew curve. A slew curve is a way of describing the

slewing process towards an azimuth. The curve is defined by up to TURRETS.IIX_.SLEWCURVE.EMTRIES

of TURRETSSLEVCUVEENTUES. An entry is specified as follows:

typodef utruct turretss.lew..cu-ve.entry

tloat64 range;
float64 rate;

} TURRETS _SLE. CURVLENTRY;

Each entry specifies the slew rate to use if the turret is greater than the specified range away
from the desired azimuth. A curve is described by an array of entries, and the range field must

be monotonically decreasing in such an array. When choosing a slew rate from an array of

TURRETSSLEW.CURVEElT ES, a turret will choose the slew rate corresponding to the largest

range that is less than the range of the current azimuth to the desired azimuth. The chosen rate

may be adjusted in a turret dependent manner if the turret only supports discrete slew rates.

The -mode can have the following values:

TURRETSSLEWMIIIMM

Move the turret in the direction that will get to the desired azimuth fastest.

TURRETS.SLEW.MAXIMM
Move the turret in the direction that will get to the desired azimuth slowest. If the

turret is not fully rotatable, this will default to TURRETS.SLEW.MINIMUM.

TURRETS.SLEW.CLOCKISE

Move the turret clockwise to the desired azimuth. If the turret is not fully rotatable,
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this will default to TURREM.SLEW-KIIINUM.

TURR ETS. SLEW.COUNITERCLOCK ISE
Move the turret counterclockwise to the desired azimuth. If the turret is not fully
rotatable, this will default to TURRETS.SLEW.HINIMNM.
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1 Overview

LibUActContact is a unit level reactive task that monitors enemy activity and reacts to contact.
SN,UActionOnCoatact constantly checks if the unit is under fire or enemy vehicles are spotted. If
either of those requirements are met, SN.UActionOnContact reacts by executing an appropriate
response. The reactions that are currently supported are:

'Contact Drill'
Transparent Frame with a SM.UTargeter task.

'Action Drill'
Opaque Frame with a SNUAssault task.

'Occupy Position'
Opaque Frame with a SlUPrepOcpyPos and a SPLUTagrgter task.

'No Action'
Goes back to monitoring for enemy contact

The reaction executed depends on the parameter values that were set by the operator in the
User Interface.

If a Contact Drill is executed, a transparent taskframe with a SH-UTargeter task (see section
'Libutargeter' in LibUTargeter Programmer's Manual) is pushed. The unit continues to execute
the primary task while shooting at the enemy.

If an Action Drill is executed, an opaque taskframe with a SH.UAssault task (see section
'Libuassault' in LibUAssault Programmer's Manual) task is pushed. The SN.UActionfnContact
task creates an assault objective at the computed enemy location. This objective is passed to the
assault and the SILUAssault is executed.

If a Occupy Position is executed, an opaque taskframe with a SLUPrepOcpyPos task (see sec-
tion 'Libupoccpos' in LibUPrepOcpyPos Programmer's Manual) and a SLUTargeter task. The
SNLUActionunContact task creates an objective facing the enemy and chooses logical target refer-
ence points with the engagement area trp at the enemy location. These parameters are passed to
the SM.UPrepOcpyPou task.

If the SL.UActionOnContact rat1 to enemy activity by doing nothing it goes back to moni-
toring for enemy activity.

The SM.UAcionanContact ,'i,'r ,',i,,I ,itil the taskframes that it resides in is destroyed, but it
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does go back to the monitoring state when action is no longer required (meaning there are no more

enemies in sight). The SLUActionOnContact is the sponsoringTask for the reactive taskframes
listed above. This means the SPLUkctionOnContact remains active even when the original frame

was suspended. The reaction can then be easily monitored and stopped when necessary. Also, if

the situation has changed enough to cause a different type of reaction, S.UActionOnContact will

stop the current reaction and start the appropriate reactive taskframe.

Other reactive taskframes can be added by searching for the string NEW-REACTION and adding

the appropriate information.

The task state machine is written using the AAFSM format which is translated to C using the

'fs,-2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

1.1 Task Parameters

When a SLUActionOnContact task is created or modified, parameters in the parameter block
of the task data structure are referenced. The parameters are described by the following structure:

typedef enus uactcontact-.action
{

UACTCONTACT.CTIO.OCCUPY.POSITI 01,
UACTCONTACT.ACTI0N.ACTIONDRILL,
UACTCONTACT.ACTION.COTACT.DRILL,
UACTCONTACT.ACTIOION E

} UACTCOITrCTr.ACT-CTI0;

typedof struct uactcutact.paraueters

f1oat64 engagenent-.range;
float64 under.-ire.eney.threshold;
UACTCONTACT.ACTIOI under.fire.suall-enemy.action;
UACTCONTACT.ACTION under.fire-large..neay.action;
float64 not.under-f ireenemythreshold;
UACTCONTACT.ACTION notunder_ fire-suall_ eneay.action;
UACTCITACTACTIOI notunder- fire.large_ eney-action;
VTARGETEKFIRE.TECHNIQUE fire.technique;
VASSESSFIRE.TYPE fire.type;

} UACTCOITACT_.PARAETERS;

'engageaent:.range'

Specifies the range at which the unit will engage with the enemy
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'under. fir*_*neny_threshold'

Specifies the threshold of vehicles to decide whether the enemy activity is considered

large or small while under fire. While under fire, if there are more vehicles than

the threshold, the action taken is specified by the under- fire.lar.eneny.action

parameter. While under fire, if there are less vehicles than the threshold, the action

taken is specified by the under-f ir.suall.eneny..action parameter. A typical value

is 3 vehicles.

'under_ fire-..sallenezy-action'
Specifies the action to take if the number of vehicles is less than the under.fire- enemy.threshold
while under fire. The choices are an Assault, a Contact Drill (UTargeter), an Occupy

Position, and no action.

'under.fire-lazge_ enemy.action'
Specifies the action to take if the number of vehicles is more than the under-fire.nnmy.-threshol
while under fire. The choices are are an Assault, a Contact Drill (UTargeter), an Oc-

cupy Position, and no action.

'not_under..fire..nmy..threshold'

Specifies the threshold of vehicles to decide whether the enemy activity is considered
large or small while not under fire. While not under fire, if there are more vehicles than
the threshold, the action taken is specified by the not..undor-firelarge.e.my.action

parameter. While not under fire, if there are less vehicles than the threshold, the action
taken is specified by the not.undr-f ire.suall.enezy-act ion parameter. A typical
value is 3 vehicles.

'not..under.fire.-sall..emmy.action'

Specifies the action to take if the number of vehicles is less than the not..under-.fire.enemy-thres!
while not under fire. The choices are an Assault, a Contact Drill (UTargeter), an Oc-

cupy Position, and no action.

'not-under-fire-large.enay.action'

Specifies the action to take if the number of vehicles is more than the not.under-f ire-enemy.thre
while not under fire. The choices are an Assault, a Contact Drill (UTargeter), an Oc-

cupy Position, and no action.

'fire.technique'
Specifies the type of firing method to use. The choices are simultaneous and alternating.

'fire-type'
Specifies the method of firing at the enemy. The three types are "Distributed Fire",
"Volley Fire", and "None".
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1.2 Parametric Data

The parametric data for SN.UutiaationCotact is as follows:

'speed' Specifies the speed at which to conduct a reactive assault.
'monitor.period'

Specifies the time to wait before monitoring the enemy activity. This is usually about
5000 milliseconds.

'under.-fir.-time'
Specifies the time after receiving fire to consider the unit still under fire. If nobody
in the unit has been fired upon for this time, the unit is considered not under fire. A
typical value is 10000 milliseconds.

'defensiblepos ition-dist'
Specifies the distance in front of the unit leader that the defensible position will be set
up in a reactive occupy position.

'defensibl.position-vidth'
Specifies the width of the defensible position for a reactive occupy position.

'trp-sector.depth'
Specifies the depth at which to locate the trps for a reactive occupy position. The
depth is the distance out from the platoon leader in the direction of the enemy.

'trp-sector.vidth'
Specifies the width of the trp locations. The width is the distance between the two
trps.

'retreat.speed'

Specifies the speed at which to conduct a withdraw. This speed.is generally very fast.
Currently withdraw is not supported as a reaction.
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2 Functions

The following sections describe each function provided by libuactcontact, including the format
and meaning of its arguments, and the meaning of its return values (if any).

2.1 uactcontact-init

void uactcontact-,init ()

uactconcact.init initializes libuactcontact. Call this before any other libuactcontact function.

2.2 uactcontactclass.init

void uactcontact-class.init(parent.class)
CLASS.PTR parent.class;

'parentclass'

Class of the parent (declared with claau-declare..class)

uactcontactclass.init creates a handle for attaching uactcontact class information to vehi-
cles. The parnt .class will likely be safobj class.

2.3 uactcontactcreate

void uactcontac-.creae(vohiclo-id, parans, po-db, ctdb)
int32 vehicle-id;
UACTCOTACT.PARAMETRICDATA *paraas;
PO.DATABASE *po.db;
CTDB *ctdb;

'vehicle.id'

Specifies the vehicle ID
'params' Specifies initial parameter values
'po.db' Specifies the PO database where the task can be found
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'ctdb' Specifies the terrain database currently in use

uactcontact..create creates the uactcontact class information for a vehicle and attaches it

vehicle's block of libclass user data.

2.4 uactcontact-destroy

void uactcontac-destroy(vehcle..id)
int vehicle-id;

'vehicleid'

Specifies the vehicle ID

uactcontact.destroy frees the uactcontact class information for a vehicle. This should be
called before freeing the class user data with class-.free.user.data.

2.5 uactcontactinittask_. tate

void uactcontactini .task.state(task, state)
TaskClass *task;
TaskStat*Class * state;

'task' Specifies a pointer to the task class object to be initialized.
'tatae' Returns the initialized state

Given a new SPLUActionOnContact task that is about to be created, uactcontact.init.task.state
initializes the model size, and state variables.
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3 Algorithms

There are four reactions that can take place as a result of enemy contact. One of three

(Not counting "No Action") reactive taskframes (Contact Drill, Assault, and Occupy Position)

can get pushed when enemy contact is detected. Once this reactive taskframe gets pushed, the
SI.UActionOnContact that pushed it becomes the sponsoringTask. This means the Si.UActionOnContact
remains active and can monitor and stop the reactive taskframe.

The SN.UActionOnContact will stop the reactive taskframe if the number of enemy vehicles has
changed to he out of the range that caused that specific reactive taskframe to be pushed.

For example:

range: 0 - 3 reactive t/f pushed: Contact Drill
range: 3 - infinity reactive t/f pushed: Occupy Position

When the enemy is first detected only two vehicles are seen; a Contact
Drill is then pushed. The unit will continue to execute a contact
drill until the number of enemy vehicles has reached 4. At that time,
the contact drill will be stopped and the actions on contact will go
back to monitoring state and then immediately spawn an Occupy
Position.

The unit will continue to execute the Occupy Position until the number
of enemy vehicles drops below 2 vehicles. It will then stop the
occupy position and start a contact drill.

As seen from the example, hysteresis is built in to prevent the constant toggling between occupy
position and contact drill when the wimber of enemy vehicles hovers around the threshold (3
vehicles).

Also, if both reactive taskframes were specified to be an occupy position, the actions on contact
will continue to run the same taskframe when crossing the threshold. This is done to eliminate
unnecessary starting and stopping.

The reactive taskframe that gets pushed by SM.UActionOnContact can be overridden by select-
ing RESUME SUSPENDED MISSION during a reaction. This will stop the reaction and continue
the mission. Also, the SK-UActionOnContact task will not respond to enemy activity until a new
situation (more or less vehicles causing a transition to a different range) occurs.
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1 Overview

Libuassault implements a unit level task which assaults an objective. There are two ways a
SM.UAsault can occur. First, a SM.UAssaul.t can be planned. When it is planned, the assault
objective is entered through the user interface. The other way a SK.UAssault can occur is through
a reaction to enemy activity. In this case, the assault objective is passed in as the enemy location.

Once the assault objective is known, the route to the objective must be found. If the user
entered the route through the user interface, that route is chosen. If not, a route is generated
which links the current position to the assault objective.

At this point, the SILUAssault task directs the subordinates to follow the route to the objective
using the SL.UTravel task (see section 'Libutravel' in LibUTraveling Programmer's Manual). The
unit is also shooting at the enemy while traveling toward the objective.

Once the unit reaches the objective or the starting unit strength has dropped below a certain
percentage, the unit will conduct a Sl.UPrep0cpyPos task (see section 'Libupoccpos' in LibUpoc-
cpos Programmer's Manual). The SLtUAssault computes a battle position based on the direction
from the original position to the assault objective. This computed battle position presumably puts
the unit with it's back to the orignal position and front to the enemy location. This battle posi-
tion is passed to the SL.UPrepOcpyPos task which finds defensible positions. Once these positions
are secured, the S.Ussault executes a SM._UcpyPos task (see section 'Libuoccpos' in Libuocc-
pos Programmer's Manual). The SK.UAssau1lt task stays in the occupy position state until told
otherwise.

The task state machine is written using the AAFSM format which is translated to C using the
'fam2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

1.1 Task Parameters

When a SL.UAssault task is created or modified, parameters in the parameter block of the task
data structure are referenced. The parameters are described by the following structure:

typedef enux uassault-reason

UASSAULT. REASON PLANNED,
UASSAULTREASONREACTIVE

} UASSAULT.REASON;
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typedef struct uassault-.paraaeters{
ObJoctID objective;
ObjectID route;
uint32 paddingl;
float64 speed;
float64 stop.assault.percent;
float64 engagement-. range;
UASSAULT_.EASON uassault.reason;
VASSESSFIRE.TYPE fire.type;

} UASSAULT.PARAHETERS;

'obj ective'

Specifies a persistent object which defines the assault objective. This object can be a
point object, line object, or a text object.

'route' Specifies a persistent object which defines the optional route to the objective. The

route is a line object.
'speed' Specifies the speed at which the unit will be moving during the assault.
'6top.assault-.percent'

Specifies the percentage of the unit that must be killed in order to stop the assault.
'engagement-range'

Specifies the range at which the unit will engage with the enemy
'uassaulltreason'

Specifies whether the assault was a reaction to enemy activity or a planned task.

'fire-type'
Specifies the method of firing at the enemy. The three types are "Distributed Fire",
"Volley Fire", and "None".
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2 Functions

The following sections describe each function provided by libuassault, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 uassault-init

void uassaultinit ()

uaasault.init initializes libuassault. Call this before any other libuassault function.

2.2 uassault-class.init

void uassault ,class.init(parent.-class)
CLASSPTR parent.class;

'parent.class'

Class of the parent (declared with class.declareclass)

uassaut.€lass-nit creates a handle for attaching uassault class information to vehicles. The
parent-class will likely be satobj class.

2.3 uassault-create

void uassault-create(vehicle.id, paras, po.db, ctdb)
int32 vehicle id;
UASSAULT.PARAETRICDATA *paraos;
PC.DATABASE *po.-db;
CTDB *ctdb;

'vehicle. Id'

Specifies the vehicle ID
'parans' Specifies initial parameter values

'po.db' Specifies the PO database where the task can be found



4 Libuassault Programmer's Guide

'ctdb' Specifies the terrain database currently in use

uassault.create creates the uassault class information for a vehicle and attaches it vehicle's

block of libclass user data.

2.4 uassault-destroy

void uassault.destroy(vehicle.id)
int vehicle.id;

'vahicle-id'

Specifies the vehicle ID

uassault.destroy frees the uassault class information for a vehicle. This should be called
before freeing the class user data with class.free.user-data.

2.5 uassau lt-init-task -state

void uassault.init.task-state(task, state)
TakClass *task;
TaskStatoClass *state;

'task' Specifies a pointer to the task class object to be initialized.
'state' Returns the initialized state

Given a new S.UAssault task that is about to be created, uassault-init.task-state ini-
tializes the model size, and state variables.
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1 Overview

Libuataint implements a unit-level task which controls a group (currently only one) of vehicles
performing an air-to-air intercept against an enemy. The task state machine is written using the
AAFSM format which is translated to C using the 'fsm2ch' utility (see section 'Overview' in LibTask
Programmer's Manual).

Libuataint depends on libvtakeoff, libvataint, libpo, libvtab, libclass, libctdb, libaccess, libreader,
and libparmgr.

1.1 Task Parameters

When a SK.UATAInt task is created or modified, parameters in the parameter block of the task
data structure are referenced. The parameters are represented in the task data structure as follows:

typedef struct uataint.paraaaters

VehiclelD targ*tid;
uint16 paddingl;
float64 target.bearing; /* radians ,/
float64 target-range; /* metern .
VATAINT.FREPERNISSOI fire.permission;
int32 weapon.count;
VATAINTVEAPOS.-ENABLED weapons.enabled[VATAIIT-.l.AXVEAPOIS];
int32 crank;
VATAINTDTSENGLGEMETHOD disengage.method;
int32 padding2;
float64 beam.range;

} UATAIIT._PARANETERS;

'target.id'
Specifies the id of the vehicle to intercept.

'targetbearing'
Specifies the bearing to the target in radians. This parameter is only set if the target.id
is not known.

'target-.range'
Specifies the range to the target in meters. This parameter is only set if the target.id
is not known.

'fire.permission'
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Specifies the fire permission (VATAINTJIOLD..FIRE, VATAINT-FIRE.ATWILL) to
be used during the intercept.

4weapon-.count,

Specifies the number of weapons in the weapons-enabled list.
'weapons.enabled'

Specifies the weapons which the aircraft is allowed to shoot during the intercept.
'crank' Specifies whether to perform a crank maneuver after each shot taken during the inter-

cept.

'disengage-.mthod'
Specifies how the aircraft should disengage from the target it is intercepting if it does
not destroy it. This can take the values VATAINT.INTERNAL, VATAINTMERGE,
and VATAINT.BUGOUT. If it is set to VATAINTINTERNAL, the disengage method
used will be based upon air-to-air intercept tactics taking into account the range to the
target and whether a radar-guided missile is in flight. If it is set to VATAINT-MERGE,
the aircraft will always go to the merge to disengage. If it is set to VATAINT..BUGOUT,
the aircraft will always bugout (no later than 12 nm from the target) to disengage.

'beauLrang'

Specifies the range in meters at which the aircraft should turn into the enemy target's
radar beam.
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2 Functions

The following sections describe each function provided by libuataint, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 uataintinit

void uataint-inito )

uataint.._init initializes libuataint. Call this before any other libuataint function.

2.2 uataint.class.init

void uataintclausjenit (parent.class)
CLASS.PTR parent.class;

'parent.class'

Class of the parent (declared with class.declareclass)

uataintclas-.init creates a handle for attaching uataint class information to vehicles. The
parent-class will likely be safobjclass.

2.3 uataint-create

void uataint.create(vehicle.id, paraw, po.db, ctdb)
int32 vehicle, id;
UATAIIT.PAPANETRIC.DATA *paraus;
PO.DATABASE *po-db;
CTDB *ctdb;

'vehicle-id'

Specifies the vehicle ID
'parau-' Specifies initial parameter values
'po.db' Specifies the PO database where the task can be found
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'ctdb' Specifies the terrain database currently in use

uataint.creat* creates the uataint class information for a vehicle and attaches it vehicle's

block of libclass user data.

2.4 uataint-destroy

void uataint-detroy(vehicle.id)
int vehicle-id;

'vehicle.id'

Specifies the vehicle ID

uataintdestroy frees the uataint class information for a vehicle. This should be called before
freeing the class user data with class.free.user.data.

2.5 u atain t-init-task..state

void uataint.inittask.state(task, state)
TaskClaus *task;
TaskStateClass *state;

'task' Specifies a pointer to the task class object to be initialized.

'state' Returns the initialized state

Given a new SILUATAint task that is about to be created, uataint-init-task.state initializes
the model size, and state variables.
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1 Overview

TEMPLATE: Describe what this library does here.

1.1 Examples

TEMPLATE: Give examples here.
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2 Functions

The following sections describe each function provided by libuatgrndtrgt, including the format
and meaning of its arguments, and the meaning of its return values (if any).

TEMPLATE: Adjust alignment of descriptions

TEMPLATE: Correct argument lists and descriptions of these functions.

2.1 uatgtg.init

void uatgg..init()

uatgtg.init initializes libuatgrndtrgt. Call this before any other libuatgrndtrgt function.

2.2 uatgtg -class init

void uatgtg.las.init (parent.class)
CLASS..PTR panrot._class;

'parent-clasus'
Class of the parent (declared with class-declare.class)

uatgtg-class.init creates a handle for attaching uatgrndtrgt class information to vehicles.
The parent-clasa will likely be safobj -class.

2.3 uatgtg..create

void uatgtg..create(vehicle.id, paras)
int vehicle.id;
UATGRNDTRGTPARAMETRIC.DATA *param;

'vehicle-id'

Specifies the vehicle ID
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'param' Specifies initial parameter values

uatgtg.create creates the uatgrndtrgt class information for a vehicle and attaches it vehicle's
block of libclass user data.

2.4 uatgtgdestroy

void uatgtg.destroy (vehicle.id)
int vehicle-id;

'vehicle-id'

Specifies the vehicle ID

uatgtg.deutroy frees the uatgrndtrgt class information for a vehicle. This should be called
before freeing the class user data with class -free-.user.data.
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Chapter 1: Overview

1 0 verview

Libubingofuel implements a unit-level task which controls a group (currently only one) of vehicles

detecting that they have reached the bingo fuel level and flying to and landing at a refueling point.

The task state machine is written using the AAFSM format which is translated to C using the

'fIsm2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

Libubingofuel depends on libvtab, libclass, libpo, libctdb, liburtb, libaccess, libreader, and lib-

parmgr.

1.1 Task Parameters

When a SN._Ubingotuel task is created or modified, parameters in the parameter block of the

task data structure are referenced. The parameters are represented in the task data structure as

follows:

typedef struct ubingofuel-parameteru

ObjectID base;
uint 6 .padding;
float64 speed;
float64 altitude;

} UBIiGOFUEL.PARAMETERS;

'base;' Specifies the bingo refuel base for the plane to go to.
'speed;' Specifies the speed for the plane to go when going to the bingo refuel point.

'altitude;'
Specifies the altitude for the plane to be at when going to the bingo refuel point.
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2 Functions

The following sections describe each function provided by libubingofuel, including the format
and meaning of its arguments, and the meaning of its return values (if any).

2.1 ubfuel-init

void ubfuel.init ()

ubfuel-init initializes libubingofuel. Call this before any other libubingofuel function.

2.2 ubfuel-class-init

void ubfuelclase.init (parentclass)
CLASSPTR parent.class;

'parent.class'

Class of the parent (declared with class.declare.class)

ubfuel..class.init creates a handle for attaching ubingofuel class information to vehicles. The
parent.class will likely be safobJ.class.

2.3 ubfuel-create

void ubfuel.create(vehicle.id, parai, po.db, ctdb)
int32 vehicleid;
UBINGOFUEL-PARAMETRIC.DATA *params;
PC-DATABASE *po.db;
CTDB *ctdb;

'vehicle.id'

Specifies the vehicle ID
'params' Specifies initial parameter values
'po..db' Specifies the PO database where the task can be found
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'ctdb' Specifies the terrain database currently in use

ubfuel.create creates the ubingofuel class information for a vehicle and attaches it vehicle's

block of libclass user data.

2.4 ubfuel-destroy

void ubfue.destroy(vehcle.id)
int vehicle-id;

'vehicle.id'

Specifies the vehicle ID

ubfuol-deetroy frees the ubingofuel class information for a vehicle. This should be called
before freeing the class user data with class-free-user-data.

2.5 u b fu el-init-task.state

void ubfuel-init.task-state(tank, state)
TaskClasu *task;
TaskStateClass *state;

'task' Specifies a pointer to the task class object to be initialized.
'state' Returns the initialized state

Given a new SILUBingoFuol task that is about to be created, ubfuelinit-task...state ini-
tializes the model size, and state variables.
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Chapter 1: Overview

1 O verview

Libucap implements a unit-level task which controls a group (currently only one) of vehicles
performing a Combat Air Patrol (CAP). Its parameters include a location at which to perform
the CAP, direction to orient the CAP, length of CAP legs, speed (for both the inbound and
outbound legs), altitude, and radar control settings. The task state machine is written using
the AAFSM format which is translated to C using the 'fam2ch' utility (see section 'Overview' in
LibTask Programmer's Manual).

Libucap depends on libvtakeoff, libvcap, llbvsearch, libcomponents, libpo, libvtab, libclass,
libctdb, libaccess, libstatmon, libeditor, libtaskedit, libreader, libparmgr, libhulls, and libtask.

1.1 Task Parameters

When a SILUCap task is created or modified, parameters in the parameter block of the task data
structure are referenced. The parameters are described by the following structure:

typedef enum ucap..vc-.typ.

UCAP..VC-.PLUSJIIUS-1600,
UCP.VC.PLUS1600.
UCAP-.VC-INUS-..1600

}UCAP-.VC..TYPE;

typedef utruct ucap..parame-ters

ObjectID position;
uintl6 paddingl;
float64 orientation;
float64 length.of...1gs;
float64 inbound-.leg..speed;
float64 outbound-.leg..speed;
float64 altitude;
int32 mode;
UCAP.VC-.TYPE vc;
float64 half-..height;
floatG4 half-w.idth;
float64 range;
int32 use-.location;
int32 padding2;
float64 interest-locatjon[2J;
float64 interest-,azimuthi;
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float64 interest.elevation;
} UCAP.PARAMETERS;

'position'

Specifies a persistent object which defines the position of the cap. This object can be

a point or a text object.
'orientation'

Specifies the orientation of the CAPom the position specified in the previous parameter.

'length.of.legs'

The length of the leg of the CAP

'inbound-le.spe.d'

The speed of the aircraft on the inbound leg of the CAP.
'outbound-leg .peed'

The speed of the aircraft on the outbound leg of the CAP.

'altitude'
The altitude to perform the CAP at.

'mode' Radar Search mode, either track while scan or manual or auto.
'vc' UCAP radar vc type unem

'half-height'
This value represents half of the height of the desired radar scan volume.

'half.width'

This value represents half of the width of the desired radar scan volume.
'range' This value represents the range of the desired radar scan volume.
'une-location'

Represents the orientation type to use for the radar, either a location or azimuth/elevation.

'interest.location[2]'
If use-location is set to location, the location to use for the radar scan volume center.
This is an X Y location (array), not an object.

'interest-azimuth'

If uselocation is set to az/el, the azimuth to orient the radar to.

'interest-elevation'
If uselocation is set to az/el. the elevation to orient the radar to.
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2 Functions

The following sections describe each function provided by libucap, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 ucap-init

void ucap.init()

ucap.init initializes libucap. Call this before any other libucap function.

2.2 ucap.classinit

void ucap.clasu.init(parent.class)
CLASS.PTR parent.class;

'parent.claUB'

Class of the parent (declared with class.declare.clasus)

ucap.class.init creates a handle for attaching ucap class information to vehicles. The parent.class
will likely be safobj.clas.

2.3 ucap.create

void ucap.create(vehicle.id, para=s, po.db, ctdb)
int vehiclo-id;
UCAP-PARAMCDATA *para=;
P0.DATABASE *po.db;
CTDB *ctdb;

'vehicle.id'

Specifies the vehicle ID

'paraus' Specifies initial parameter values
'po-db' Specifies the PO database where the task can be found
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'ctdb' Specifies the terrain database currently in use

ucap.create creates the ucap class information for a vehicle and attaches it vehicle's block of

libclass user data.

2.4 ucap..destroy

void ucap.dentroy(vehicle_ id)
int vehicle.id;

'vehicle.id'

Specifies the vehicle ID

ucap.destroy frees the ucap class information for a vehicle. This should be called before freeing
the class user data with class-freo.user-data.

2.5 ucap init -task.state

void ucap-inittask.state(ask, state)
TaskClass *task;
TaskStateClass *state;

'task' Specifies a pointer to the task class object to be initialized.
'state' Returns the initialized state

Given a new SILUCAP task that is about to be created, ucapinit-aaskstate initializes the
model size, and state variables.
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1 Overview

Libucommit implements a unit-level task which detects when a group (currently only one) of
vehicles have detected a radar target which meets the commit criteria. It creates an intercept task
frame and pushes it onto the unit's stack, causing the unit to perform an air-to-air intercept on the
target. The task state machine is written using the AAFSM format which is translated to C using
the 'fsm2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

1.1 Task Parameters

When a S.UComit task is created or modified, parameters in the parameter block of the task
data structure are referenced. The parameters are represented in the task data structure as follows:

typedef struct uconnit.parametors{
float64 tgt.range.threshold;
float64 tgt.aspect .. hreshold;
float64 tgt.speod.threshold;
VATAINT.FIRlEPERNISSION fire-permission;
in%32 weapon-count;
VATAIT.VEPOIS.-EABLED weapons-enabled[VATAINT.AX.VEAPOS];
uint32 crank;
VATAINT.DISENGAGLHETKOD disengasge.nethod;
float64 bean.rang;

} ucomi.PAM R;

All of the first three thresholds must be met before the comit task will be initiated.

'tgt. zange.thr shold'
Specifies the maximum range between vehicle and target that would trigger this task.

'tgt.aspect..threshold'

Specifies the maximum target aspect angle (left or right) that would cause this task to
trigger.

't.speed.tbreshold'
Specifies the minimum speed that the target must be flying in order to trigger this
task.

The following parameters are all used as inputs to the air to air intercept task.
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'fire.peraission'
Specifies the permission to pass to the air to air intercept task. The choices are
VATAINT.HOLD.FTRE and VATAINT.FIRE. AT.WILL.

&weapon-count'

Specifies the number of weapons in the weapons enabled list.
'weapons-enabled'

Specifies a list of the weapons that an aircraft is allowed to shoot during an air to air
intercept task.

'crank' Specifies whether to perform a crank manuever after each shot taken during an air to
air intercept task.

'disengage.ethod'
Specifies how the aircraft should disengage from a target during an intercept if the
target was not destroyed. The possible values for this variable are VATAINrr.INTERNAL,
VATAINT.IERGE, and VATAINT.BUGOUT.

'beam-range'
Specifies the range in meters at which the aircraft should turn into the enemy target's
radar beam.
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2 Functions

The following sections describe each function provided by libucommit, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 ucommit.init

void ucomit.init()

ucomit.init initializes libucommit. Call this before any other libucommit function.

2.2 ucommit.class-init

void ucomint.lass.init(parentclaus)
CLASSPTR parent-class;

'parent.class'

Class of the parent (declared with claas.declareclass)

ucomuit.class.init creates a handle for attaching ucommit class information to vehicles. The
parent-class will likely be satobj.class.

2.3 ucommit-create

void ucomit.-czate(vehicle.id, para=s po.db)
int3.2 vehicleid;
UCONNITPARAETRIC.DATA *parawu;
PO.DATABASE *po.db;

'vehicle.id'

Specifies the vehicle ID
'parm' Specifies initial parameter values
'po.db' Specifies the PO database where the task can be found
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ucomit.create creates the ucommit class information for a vehicle and attaches it vehicle's

block of libclasa user data.

2.4 ucommitdestroy

void ucomi.desroy(vehicle, id)
itn vehicle.id;

'vehicle-id'

Specifies the vehicle ID

ucoit.destroy frees the ucommit class information for a vehicle. This should be called before

freeing the class user data with classe.free-user-data.

2.5 ucommit-init-task.state

void ucomit..ini-.task.tate(task, state)
TaskClass *task;
TaskStat*Class *state;

'task' Specifies a pointer to the task class object to be initialized.
'state' Returns the initialized state

Given a new SUCoait task that is about to be created, ucom it-.init._task.state initializes

the model size, and state variables.
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1 Overview

Libudsmnt implements a unit-level task which dismounts a group of subordinate Dis from a
specified IFV.

When the IFV is selected to dismount its DIs, the initial action is to determine if that IFV is

carrying any Ds. If there are Dis to dismount, a halt task issued to that IFV.

The task state machine is written using the AAFSM format which is translated to C using the
'fum2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

1.1 Task Parameters

When a SNLUD*t, task is created or m ified, parameters in the parameter block of the task
data structure are referenced. The parameters are represented in the task data structure as follows:

typedef struct udsuntpaaaeters

int32 prep.var;
} UDSMIST.PAPAETERS;

'prep.var'

Specifies whether the task is a placeholder preparation for another task frame (and
therefore should end immediately). If prep-var is FALSE, the task will never end.
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2 Functions

The following sections describe each function provided by libudsmnt, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 udermnt-init

void udsmnt.init()

uduinntjnit initializes libudamnt. Call this before any other libudsmnt function.

2.2 udermnt-.class-init

void udeant.claau.init(parent-.class)
CLASS..PTR parent-.class;

'parent..class'

Clase of the parent (declared with clasu..doclare-.class)

udamnt.class-.init creates a handle for attaching udismount class information to vehicles. The
parent-.class will likely be saaobj-clasu.

2.3 udsmnt-create

void udsont..create(yehicle-id, par =s , po..db. ctdb)
int32 vehicle.id;
UDSHOT.PARANETRIC-.DATA *params;
PO..DATABASE *po..db;
CTDB *ctdb;

'vehicle.id'

Specifies the vehicle ID
'params' Specifies initial parameter values
'po-db' Specifies the P0 database where the task can be found
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'ctdb' Specifies the terrain database currently in use

uduinnt.create creates the udismount class information for a vehicle and attaches it vehicle's
block of libclass user data.

2.4 udsmnt..destroy

void udsunt.detroy(vehicle-.id)
int vehicle-id;

'vehicle..id'

Specifies the vehicle ID

udamnt-.destroy frees the udismount class information for a vehicle. This should be called
before freeing the class user data with claau..f re-er-~data.

2.5 udsm nt.in it-..task -state-

void udsont..init-.task..utate(tank, state)
TaskClass *task;
TaskStateClass *state;

'task' Specifies a pointer to the task class object to be initialized.

'state' Returns the initialized state

Given a new SLUDsmat task that is about to be created, uduunt..init-.task-s.tate initializes
the model size, and state variables.
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Chapter 1: Overview

p 1 0 verview

Libuenemy implements a unit level background task which maintains a list of the spotted enemy
vehicles that all the vehicles of the unit can see. This is done by looking at the lists of each of the
vehicle level SLtVEneUy tasks and merging the lists.

Libuenemy also provides a method for detecting the following:

inefields
incoming artillery
enemy superiority
high casualties
air raids

These variables are put in the state and are accessed by registering functions with the uenemy.reaction.ini
function. The caller of this function provides a function for each of the above situations. For ex-
ample, there will be a incoming.artillery.function that will be called when the boolean variable
artillery is set.

Since these variables are state variables, libuenemy will monitor the state changes using callbacks
and call the appropriate functions when the state changes.
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2 Functions

The following sections describe each function provided by libuenemy, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 uenemy-nit

void uensay.Anito)

uanmyinit initializes libuenemy. Call this before any other libuenemy function.

2.2 uenemy..class-init

void uenemy.clausinit (pazent.clauu)
CLASS.PTR parent-_class;

'parent.class'
Class of the parent (declared with clas.declar.class)

uenmy..claus.init creates a handle for attaching uenemy class information to vehicles. The
parent-clasu will likely be 8afobj..class.

2.3 uenemycreate

void uoneuy.create(vehicle.id, parsin, po.db, unit.entry)
int vehicle.id;
UENIUY.PARANMTIXC.DATA *pa'awa;
PO.DATABASE *po.db;
PODBENTRY *unit.entry;

'vohiclo.d'
Specifies the vehicle ID

'para.' Specifies initial parameter values
'po-db' Specifies the po database for use for the vehicle information.
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'mit.entry'

Specifies the persistent object database entry for the unit that this uenemy is created

for.

uenemy-create creates the uenemy class information for a vehicle and attaches it vehicle's block

of libclass user data.

2.4 uenemy-destroy

void uneuy.destroy(vehicle.id, .ismigration)
int32 vehicle.id;
int32 is..uriation;

'vehicle.id'

Specifies the vehicle ID

'is.igration'

Specifies that the destroy is due to migration

uenemy.deesroy frees the uenemy class information for a vehicle. This should be called before
freeing the class user data with class.free.user.data.

2.5 init.task.state

void uenexy.init..task.state(task, state)
TaskClass *task;
TaskStateClass *state;

'task' Specifies a pointer to the task class object to be initialized.
'state' Returns the initialized state

Given a new SJLU'neay task that is about to be created, ueneuy-inittak.state initializes
the model size, and state variables.

2.6 uenemy-get..spotted_-from ..state
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int32 ueamy-get.spotted.fro.state(db, task, live, list)
PO.DATABASE *db;
TaskClass *task;
UENDY.FILTELLD live;
VTALBLIST list;

'rb' The current persistent object database.

'task' This unit's uenemy task.

'live' An enum of defined type UENEMYFILTER.LD (live/dead), which is one of the follow-
ing: UENEMY.FILTERLLD.LIVE - list live vehicles only UENEMY.FILTERLLD.DEAD
- list dead vehicles only UENEMY.FILTER.LD.ANY - don't filter for live or dead sta-
tus

'list' The VTAB.LIST for the seen vehicle's to be added to. NOTE: this must be an already
existing list.

Fill out an existing VTAB list with the all vehicles the unit currently can see that pass the filter
settings.

2.7 uenemy-get.number.seen

int32 uenaemy.get.nubr-.seen(db. task, live)
PO.DATABASE *db;
TaskClass *task;
IEU IY.FILTELLD live;

'b' The persistent object database being used.

'task' This unit's uenemy task.

'live' An enum of defined type UENEMY.FILTERLLD (live/dead), which is one of the follow-
ing: UENEMY.FILTER.D.LIVE - list live vehicles only UENEMY.FILTER-LD.DEAD
- list dead vehicles only UENEMY.FILTERLLD.ANY - don't filter for live or dead sta-
tus

uoinsy.get.nuabor.seen returns the number of vehicles that fit the parameters specified in
the function call. It uses the enums detailed in the parameter definitions above to specify what you
want counted.

2.8 uenemy.get-closestvehicle-position
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void uenemy.st..closesvehicle.position(db, task, live, my.pos, his.pos)
PO.DATABASE *db;
TaskClasu *task;
UUIEYFLTE-LD live;
Ifloat64 *Iy.pon;
float64 *hi.pos;

'db' The persistent object database being used.

'task' This unit's uenemy task.

'live' An enum of defined type UENEMYFILTERLD (live/dead), which is one of the follow-
ing: UENEMY.FILTERLD.LIVE - list live vehicles only UENEMY.FILTELLD.DEAD
- list dead vehicles only UENEMYFILTERLDANY - don't filter for live or dead sta-
tus

'my-pos' A pointer to an two dimensional army containing this unit's representative position,
or the position that the closest vehicle to is desired.

'his-pox' A pointer to a two dimensional array into which the location of the appropriate vehicle
location is placed. If no appropriate vehicle is found, his.pos is filled with zeros,

This function returns the position of the closest vehicle that fits the parameters specified in the
function call. See either the texinfo or the header file for the enums available for use for specification
to this function.

2.9 uenem y4et..center..o f..m ass

int32 uenexy.get.conter.of.mas(db, task, live, con.pos)
PO.DATABASE *db;
TaskClaxs etask;
UEWIYI.FILTER.LD live;
float64 *con.poo;

'db' The persistent object database being used.

'task' This unit's uenemy task.

'live' An enum of defined type UENEMYFILTEL-LD (live/dead), which is one of the follow-
ing: UENEMYFILTERLLD.LIVE - list live vehicles only UENEMYFILTERLDDEAD
- list dead vehicles only UENEMYFILTER.LD.ANY - don't filter for live or dead sta-
tus

'com..pou' A pointer to a two dimensional array into which the location of the appropriate vehicle
location is placed. If no appropriate vehicle is found, his.pos is filled with zeros.
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This function returns the position of the avg center of mass of all the vehicles that the unit
currently knows about that pass the filter settings passed in in the parameters to the function call.

It's return value will be the number of sighted vehicles that passed the filter.

2.10 uenemyreaction-init

UENW.UREACTIOC.CB.PARMS.PTR ueneuy.reactioninit (po.db, unit.entry,
mine.function, arty.function,
high-loss.function,
super enemy. function,
air.raid.function, user.data)

PODATABASE *po.db;
PO.DR.ENTRY *unit.entry;
void (*,ine.function) ();
void (*arty.function) ();
void (*high.loss.function) ();
void (*super.-eneuy-function) ();
void (*airraid.function) ();
ADDRESS user-data;

'po.db' The persistent object database being used.

'unit..entry'

The persistent object database entry for the unit initializing to use the reaction flags.

'mine.function'

The function passed in that will be called when the minefield boolean variable in the
state is set. This function will be called every time the state object changes and the

minefield boolean variable is set.

'arty.function'

The function passed in that will be called when the artillery boolean variable in the

state is set. This function will be called every time the state object changes and the

artillery boolean variable is set.

'high-loss.function'

The function passed in that will be called when the highlosses boolean variable in the

state is set. This function will be called every time the state object changes and the

highilosses boolean variable is set.

'super.eneuy.function'

The function passed in that will be called when the enemy-superiority boolean variable

in the state is set. Thi., tcti ,n will be called every time the state object changes and

the enemy.superiority h4mlan variable is set.
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'arty.function'
The function passed in that will be called when the air-raid boolean variable in the
state is set. This function will be called every time the state object changes and the
air.raid boolean variable is set.

'user.data'

The data that is passed to each one of the above functions when called.

This function returns a pointer to a structure that contains most of the above information.
UENEN..REACTIO1CB.PARNSPTR. The purpose of the return pointer is so that this pointer can be
passed to the uenemy.reactiondone function.

This function will register to a object.changed.event. Every time the uenemy state object
changes, the reaction boolean state variables are checked. For every boolean variable set, the
corresponding function is called and passed the user.data.

2.11 uenemyreaction .. done

void ueneay.reaction-done(params.ptr, po.db)
UEMEfYREACTIONCBPARNS.PTR param.ptr;
PO.DATABASE *po.db;

'ptr' This ptr of type UEmN .tf.REACTION.CB.PAMS_PTR is passed to this function. This
pointer points to the structure that needs to be deallocated in this function. This
pointer is also the return value for the usnomy.raction.init.

'podb' The persistent object database being used.

The purpose of this function is to unregister the object changed event handler and to deallocate
the memory allocated in the unomy.reaction.init function.
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Chapter 1: Overview

1 0 verview

Libuflwrte implements a unit-level task which controls a group (currently only one) of vehicles
following a route. The task state machine is written using the AAFSM format which is translated

to C using the 'Ism2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

Libuflwrte depends on libvtakeoff, libvfIlwrte, libvorbit, Jibpo, libvtab, libclass, libctdb, libaccess,
libreader, and libparmgr.

1.1 Task Parameters

When a SN.UFlwtte task is created or modified, parameters in the parameter block of the task
data structure are referenced. The parameters are represented in the task data structure as follows:

typedef struct uflrte-paranetars

ObjectID route;
int16 paddingi;
float64 speed;
float64 altitude;
VFLWPRTE.MOVE.TYPE move-.type;
int32 paddin2;
int32 mode;
UCAP.VC.TYPE vc;
float64 half-height;
float64 half-uidth;
float64 range;
int32 use.location;
int32 padding3;
float64 itleres$.location[2J;
float64 interest.azimuth;
float64 interest.elevation;

} UFLWRTL.PARAHETERS;

'route' Route is a persistent object which defines a route to be followed. This object can be a
point object, line object, or a text object.

'speed' Specifies the speed for the route.

'altitude'

Specifies the altitude for the route.
'movol type'

Specifies the movement type which can be one of the following values:



2 LibUFlwRte Programmer's Guide

'VFLWRTENOVL LOV.LEVEL'
Follow at a constant altitude, only increasing altitude to go over an obstacle.

'VFLWRTE.MOVL-CONTOUR'
Follow the contour of the earth.

'VFLRTEMOVEIOE'
Nap of Earth - maintain constant altitude agl, veering around obstacles.

'mode' Radar Search mode, either track while scan or manual or auto.
'vc' UCAP radar vc type unem

'half-height'
This value represents half of the height of the desired radar scan volume.

'half-width'
This value represents half of the width of the desired radar scan volume.

'rane ' This value represents the range of the desired radar scan volume.
'use-location'

Represents the orientation type to use for the radar, either a location or azimuth/elevation.

'interes.-locaion[2]'

If use-location is set to location, the location to use for the radar scan volume center.
This is an X Y location (array), not an object.

'interest.auinuth'
If use.location is set to az/el, the azimuth to orient the radar to.

'interest-elevation'
If use-location is set to az/el, the elevation to orient the radar to.
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2 Functions

The following sections describe each function provided by libuflwrte, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 uflwrte.init

void uflwrte.init()

uflvrts.init initializes libuflwrte. Call this before any other libuflwrte function.

2.2 uflwrte.classjinit

void uflwrte.class-init (parent.class)
CLASSPTR parent-class;

'parent_ clau'
Class of the parent (declared with class.declare.class)

uflwrt.clase.init creates a handle for attaching uflwrte class information to vehicles. The
parent-.clau will likely be safobj.class.

2.3 uflwrtecreate

void uflwrte.create(vehicle.id, params. po.db, ctdb)
int32 vehicle.id;
UFLVRTELPAAMETRIC.DATA oparaus;
PC.DATABASE *po.db;
CTDB *ctdb;

'vehicle-id'

Specifies the vehicle 11)
'parms' Specifies initial paranieer 'alhje
'po.db' Specifies the PO daiah Lse w lre the task can be found
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'ctdb' Specifies the terrain database currently in use

uflurte.cZate creates the ufiwrte class information for a vehicle and attaches it vehicle's
block of libclass user data.

2.4 uflwrte-destroy

void uflwrte.dentroy(vehicle.id)
int vehicle-id;

'vehicle-id'

Specifies the vehicle ID

uflurt.destroy frees the uflwrte class information for a vehicle. This should be called before
freeing the class user data with class.free.user.data.

2.5 uflwrtejinit ..task-state

void utlwrte..inittwak.state(task, state)
TaskClass Stack;
TaskStateClass *state;

'task' Specifies a pointer to the task class object to be initialized.
'state' Returns the initialized state

Given a new SILUFlwte task that is about to be created, uflwrte.init-task.state initializes
the model size, and state variables.
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1 Overview

Libumount implements a unit-level task which mounts a group of subordinate DIs onto the

closest friendly IFV.

When the subordinate Dis are issued a mount task, the initial action is to issue a halt task to

those Dia. A search for the closest friendly IFV within a specified range follows. If an IFV is found,
a halt task is issued to the IFV and the Dis begin moving towards that FV and mounts them
upon reaching them.

The st." -achine will wait for all subordinates Dis to get to an EFV and then go to a ended
state.

The task state machine is written using the AAFSM format which is translated to C using the
'fu.2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

1.1 Task Parameters

When a SK.tUNout task is created or modified, parameters in the parameter block of the task
data structure ae referenced. The parameters ae represented in the task data structure as follows:

typedef struct umout.paraneteru
{

int32 prep-var;
} UNOUNT-PAAN IW;

'prep.var'
Specifies whether the task is a placeholder preparation for another task frame (and
therefore should end immediately). If prep-var is FALSE, the task will never end.



2 U~bumoust Propamacr's Guide



Chpter 2: Functioms 3

2 Functions

The following sections describe each function provided by libumount, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 umount-init

void umountinit()

umoun..init initializes libumount. Call this before any other libumount function.

2.2 umount.class-nit

void utouw.clasnit (parent.class)
CLASS.PTIt parent.clasus;

'parent.claus'
Class of the parent (declared with class-.deare.class)

mount..clau.init creates a handle for attaching umount class information to vehicles. The
parent.class will likely be safobj.class.

2.3 umount..create

void unoun.creat.(vehicle.id, pare, po.db, ctdb)
lnt32 vehicle-id;
UWOUT.PAIANTRXC.DATA *pare;
PO.DATAB S *po. db;
CTDB *ctdb;

'vehicle.id'
Specifies the vehicle ID

'parss' Specifies initial parameter values

'po.db' Specifies the PO database where the task can be found
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'adb' Specifies the terrain database currently in use

mot-.croatse creates the umount clas information for a vehicle and attaches it vehicle's block

of libdass user data.

2.4 umount..destroy

void mount.doxtroy (vehicle. id)
int32 vehicl.id;

'vehicleAid'
Specifies the vehicle ID

unom:.des-toy frees the umount clan information for a vehicle. This should be called before
freeing the class user data with classf roe.uso.data.

2.5 umoun tinit-task-.state

void umount.,init .tsk.tat(task, state)
TaskClass *ask;
TaskStat.Clasu estate;

'task' Specifies a pointer to the task clas object to be initialized.

'state' Returns the initialized state

Given a new SN.UNount task that is about to be created, unount.init.-task.state initializes

the model size, and state variables.
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1 Overview

LibUnitOrg manages unit organization information within the context of the SAF simulation. It
tracks both the task organized and functionally organized superior and subordinate relationships of
units, in order to provide this information without the need for frequent persistent object database
queries.

LibUnitOrg also tracks changes to units which are made by outside sources (such as the GUI),
and updates the simulation accordingly.
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2 Functions

The following sections describe each function provided by libunitorg, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 unitorg-init

void unitorg-i.it(

unitorg-jnit initializes libunitorg. Call this before any other libunitorg function.

2.2 unitorg.clasa..init

void unitorg..class-iuit (parunt..class)
CLASS..PTh parent-.clas;

'parent.,clas'
Specifies the parent class (probably c2obj-.clasn)

unitorg-clasujinit creates a handle for attaching unitorg class information to entries. The
parent-dcasa is one created with clawa.declared..cs

2.3 unitorg..create

void uitorg.create(entry, db)
PO..DO-UIThY *entry;
PO-.DATABASI *db;

'entry' Specifies the unit entry
'db9 Specifies the PO database

unitorg..create creates the unitorg class information for a entry and attaches it to the entry's
libclass user data. If the passed entry is not objectClassUnit, this routine will simply return.
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2.4 unitorg.destroy

void unitor.deutroy(entry)

PO.DB.ETRY *entry;

'eatry' Specifies the unit entry

unitorg.detroy frees the unitorg class information for a entry.

2.5 unitorg-changed

void unitorg-.chmnod(entry)

PO.DB.UTRY *entry;

'mGtry' Specifies the unit entry

unitorg..changod updates unit in response to a libpo object.changed event.

2.6 unitorg-.et-context

void unitorg.get-.conte z (entry, task.organized,
superior,
peers, n.prs, I-z.peors,
subordinates, n.subordinates, miax.subordinates)

PO-.DB..TRY *entry;
int32 task.organized;
PO.DS..ENTRY esuperior;
PO..DSTRY *peoers 0 ;
int32 *n.peers;
int32 am.peers;
PO.-D.O ITRY *subordinates[ ;
int32 *n~subordinates;
int32 naz.subordinates;

'entry' Specifies the unit entry

'tauk.organizod'

Specifies whether to Ket the task organized or functionally organized context, True or
False.
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Specifies where to return the superior unit

'peers' Specifies an array to return peer units

'n..peers' Specifies number of peers returned

'.mz..peers'
Specifies maximun number of peers to return

'subordinates'
Specifies an array to return subordinate units

'n-subordinates'
Specifies number of subordinates returned

'.az.subordinates'
Specifies maximun number of subordinates to return

umitorg.getcontezt returns the superior, peers and subordinates of a unit. Any of superior,
peer, or subordinates may be NUL, in which case no units for that category will be returned. If
peers or subordinates are non-null, then those arrays must be large enough to hold maxpeers
and uaz-subordinates, respectively.

If task..orgmnfzed is TRUE, then information about the task organized hierarchy will be returned.
Otherwise, information about the functionally organized hierarchy will be used.

This routine is much more efficient at retrieving information about a unit hierarchy than do-
ing a po..query.for-current..obj ects, (see section 'poquery.for..current.objects' in LibPO Pro-
grammer's Manual) since the hierarchy information is maintained and updated incrementally by
libUnitOrg.

2.7 unitorg-get.roles

int32 unitorg..get..roles (entry, v=-a..roles, roles)
PO..DB_.UTRY *entry;
int32 =airoles;
PO-.DB...UTRY *roles[0;

'en'try' Specifies the unit entry

'az.roles'
Specifies the length of roles array used to return role information

'roles' Returns all the roles that the entry is acting as, including itself
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unitozg.get.rolen returns (by reference) all the unit entries that a unit is acting as, including

itself. This information is derived from the task-organized unit hierarchy. A unit will be acting in

the role of the unit's superior if it is the subordinate of that superior with the lowest job number

(promotion index). This relationship can be recursive, in that the superior may also be acting

in the role of the superior's superior, and so on. The number of roles that the entry is acting as

(including itself) is returned by this routine.

This routine is much more efficient at retrieving information about a unit hierarchy than do-
ing a po.qu=rT.for.currnt.objects, (see section 'po.query.for.current.objects' in LibPO Pro-
grammer's Manual) since the hierarchy information is maintained and updated incrementally by
libUnitOrg.

2.8 unitorg.get-responsible-unit

PO.DB-.ETY uniLtor.gt..responsibl.unit (entry)
PO.DB.ETrY *entry;

'entry' Specifies the unit entry

unitorgget-.responsible. unit returns the entry, lowest in the unit hierarchy, that is respon-

sible for the passed in entry. For example, if the input is a platoon object, the return value will
be the vehicle acting as the leader of the platoon.

2.9 unitorg-get.capable-vehicles

int32 unitor-go.t.capablo.vehicle(entry. result, max, capabilitieuoask)
PO-.DBZUUY *entry;
PO.I.D.-EY ,resul t 3;
int32 max;
uint32 capabilities.mak;

'entry' Specifies the unit entry

'reult' Specifies an array to store the result in.

'max' Specifies the size of the result array.

'capabilities.uask'

Specifies a mask of capabilities to search for when accumulating vehicles.
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uitor.-git.capabl.vehicles returns the non-unit entries subordinate to the passed in
entry into the result array. This function recursively descends the fuctional hierarchy to find all
the non-unit subordinates. The number of non-unit subordinates found is returned. capabilities.nak
contains the capabilites of the vehicles to be included in the query. The mask will contain values
such as SAFCapabilityNobility, as encoded in the libPO protocol file 'p.po.h'. A mask of 0
means to include all vehicles, regardless of capability. If passed an entry corresponding to a vehicle,
that vehicle may be returned, if it has the required capability.

2.10 unitorg.initialis..SA F -capabilities

void unitorg-.initialize.SAI.capabilities(entry, capabilities)
PO..-EJIMtY *entry;
uint32 capabilities;

'entry' Specifies the unit entry
'capabilities'

Specifies the capabilities of the unit, as specified by a mask of SAFCapabilities values
defined by the libPO unitClass object (see section 'Unit Class' in LibPO Programmer's
Manual).

unitorg.initialize SAY.capabilities sets an entry's SAF capabilities. AD this function
does is to modify the entry's PO.

2.11 unitorg-update.SA F -capabilities

void unitorg.update.SAFcapabilities(entry, capabilities)
PO.DS.JWTRY *entry;
uint32 capabilities;

'entry' Specifies the unit entry
'capabilities'

Specifies the capabilities of the unit, as specified by a mask of SAFCapabilities values
defined by the libPO unitClass object (see section 'Unit Class' in LibPO Programmer's
Manual).

unitorg.set SAF.capabilities modifies an entry's SAF capabilities. This is only valid for
entries corresponding to vehicles, as superior units inherit capabilities from their subordinate units.
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This routine may have nodfect when a vehidleis just created; uitorg-Anitialize-JAF.capabilti..
should be used in that case.
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3 Global Variables

The sections below describe the global variables by including a synopsis and a description. The
global variables are callback events which will be fired when changes to the unit hierarchy are made.
Each event can be handled by attaching a unitorg-.changed..vent..handler, as described below:

void unitorg-changed...vent..handler(obj Oct user-.data)
PO..DB-UThT sobj et;
ADDRES usezrdata;

uitog.changid...vma:.handler is called when the organization hierarchy of a unit is changed.
object will contain the entry of the unit which has a changed superior.

3.1 unitorg..task-.organ ised -changed -event

extern CALL3ACK.EVENT..PTR ufitorg-tak-organized-changed...vent;

uitorgtakorganUedchanged.event is a libcallback event which can be accessed after
libuuitorg is initialized. Applications may attach a unitorg.changed..event..handler to this event
via (see section 'callbac register..handler' in LibCallback Programmer's Manual). This event will
be fired when the task organized superior for a unit has changed.

3.2 unitorgfunctionorganized.ch an ged-.event

meen CALLBCLEVEUT.PTR unitorg.fmction.organized.chazged..event;

unitorg-func ionorganizedchanged.event is a libcallback event which can be accessed
after libunitorg is initialized. Applications may attach a uitorg.changed-event..handler to this
event via (see section 'callbacLregisteriaandler' in LibCallback Programmer's Manual). This event
will be fired when the functionally organized superior for a unit has changed.

3.3 UNITORGJAAX-.BREADTH

The macro UNITORG..KAl-SNADT is a typical maimum number of direct subordinates in a
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unit. This is a reasonable number to use as a max for the arrays in uitorg-..et..context and
untor " etcpable.vehicles.
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1 Overview

Libunits manages the editing of unit class persistent objects. The display of these objects
performed via libBGILDB icons. present).
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2 Functions

The following sections describe each function provided by libunits, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 units.init

void units.-init()

units.init initializes libunits. Call this function before calling any other libunits functions.

2.2 units-create.editor

int32 units.cr.eate-.ditor(data.path, reader.flags. dialog.parent.
gui. tactuap, tcc, ctdb, smaperase.gc,
sensitive, refresh-event, db, select, pvd, addr)

char *datapath;
int32 reader.flags;
idget dialog.parent;

SGrI.PTR gui;
TACTNAPPTR tactap;
COORD.TCC.PTR tcc;
CTDB *ctdb;
cC .ap.erase.gc;
SISTV.VINDOV.PTR sensitive;
CALLBACK.EVENT.PTR refresh-event;
PO.DATABASE *db;
SLECT.TOOL.PTR select;
PVDGU.PTR pvd;
SinulationAddress *addr;

'data-path'
Specifies the directory where data files are expected

'reader-flags'

Specifies flags to be passed to reader-read when reading data files

'dialog.paent'
Specifies top-level shell which should parent popup dialogs

'gui' Specifies the SAF GUI
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&Pvd' Specifies the PVD

'cactWap' Specifies the tactical map

',tcc' Specifies the map coor~inate system

'ctdb' Specifies the terrain database

p.eru..sgc'
Specifies the GC which can erase things from the tactical map

Specifies the sensitive window for the tactical map

'refresh.event'
Specifies the event which fires when the map is refreshed

'db' Specifies the persistent object database
'slectl' Specifies the select tool

'pvd' Specifies the PVD GUI

'addr' Specifies the Simulation address of the workstation

units.create.editor creates the units editor. The data file ('unit. rdr') is read either from
. or the specified data path, depending upon the roader.f lag.. The reader-flags are as in

reader-read. The return value is zero if the read succeeds, or one of the libreader return values:
READURRAD.EROR, READER.FILEIIOT.FOUIID.

2.3 units-class-init

void unitu.sclauuinit (parent.claus)
CLASS.PTR parent.clus;

paent.claun'
Specifies the parent class (probably c2obj.clu)

units.clau.init creates a handle for attaching units class information to entries. The
paren .clas is one created with clu.declare..clas.

2.4 units-create

void units.-croae (entry)
PO-D.IJITY *entry;
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'entry' Specifies the unit entry

units-create creates the units class information for a entry and attaches it to the entry's
libclass user data.

2.5 units-destroy

void units.destroy(entry)
PO..DB.HTRY *entry;

'entry' Specifies the unit entry

units-destroy frees the units class information for a entry.

2.6 units-changed

void units.-changed(ensry)

PO.DB.EITRY *entry;

'entry' Specifies the unit entry

units-changed updates displayed graphic in response to a IHbpo object.changed event.
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1 0 verview

Libunitutil provides UI-independent utilities for supporting units. Currently support is provided
for creating units and all appropriate subunits.
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2 Functions

The following sections describe each function provided by libunitutil, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 unitutil..create

PO.DBEITRY *unituti..create(new, db)
UUTIL.UNIT.PARANS *new;
PO.DATABASE *db;

unitutil-create creates a unit from the attributes passed in the now UUTIL.UNITPAR&Ms
argument in the PODATABASE identified by the db argument. All appropriate subunits are created
automatically. A pointer to the unit's PO.DBENTRY is returned.
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1 Overview

Libuoccpos implements a unit-level Occupy Position task. The Preparatory task (see section
'Overview' in Libupoccpos Programmer's Manual). gets the subordinates in covered positions. The
Occupy Position task keeps the subordinates in these positions until different orders ae assigned.
The task state machine is written using the AAFSM format which is translated to C using the
'1ui2ch' utility (see section 'Overview' in LibTask Programmer's Manual).

1.1 Task Parameters

There are no parameters in the SN.UOcpyPos task.
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2 Functions

The following sections describe each function provided by libuoccpos, including the format and
meaning of its arguments, and the meaning of its return values (if any).

2.1 uoccpos.init

void uoccpos.init()

uoccpos.init initializes libuoccpos. Call this before any other libuoccpos function.

2.2 uoccpos-class-nit

void uoccpos.clas.init (pazrnt.clas)
CLASS.PTR parent.clau;

'parent.clas'
Class of the parent (declared with clasu.declaz..clas)

uoccpoo.clasus.init creates a handle for attaching uoccpos class information to vehicles. The
parent.claus will likely be satobjclaus.

2.3 uoccpos-create

void uoccpos.creat(vehicle.id. par an)
lnt32 vehicl.id;
UOCCPOS.PARANETRIC.DATA *para;

'vehicle.id'

Specifies the vehicle ID
'parea.' Specifies initial parameter values

uoccpos.create creates the uoccpos class information for a vehicle and attaches it vehicle's
block of libdus user data.



4 Libuoccpm Programmer's Guide

2.4 uoccpos.destroy

void uoccpoo.dostroy(vehicle.id)
itn vehicl.id;

'vehicl.id'

Specifies the vehicle ID

uoccpo..dosutoy frees the uoccpo. class information for a vehicle. This should be called before
freeing the class user data with classf roe.user.data.

2.5 uoccpos..init-task-state

void uoccpos.init.task.stato(task, state)
TaskClasS *task;
TaasdtateClass *state;

'task' Specifies a pointer to the task clu object to be initialized.

'state' Returns the initialized state

Given a new SUOcpyPos task that is about to be created, uoccpos.init.tak.state initial-
izes the model size, and state variables.


