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Tutorial Review Agenda

No gk owDd-A

Setting up the Environment

Introduction to the cannon ball (Trick-less)
Build a Trick cannon ball simulation

Run cannon ball simulation in real-time
Simulation Architecture (S_define syntax)
Input Processor (Python)

Viewing data with trick_dp
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Setting up the Environment
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Set up the Environment

Objective
Setup Trick Environment

Prerequisites

Login credentials
Trick Training CD login automatic
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Set up the Environment

% cd SHOME

% 1lnstall user
Set TRICK EDITOR to editor of choice (e.g. vim, emacs, nedit, etc.)

Follow the on-screen instructions

G Shell - Konsole _ox

Trick 10.4.1 User Installation

Installation dir = /root
TRICK_VER 10.4.1
TRICK_HOME sr/local/trick/trick-10.4.1

TRICK_USER_HOME
TRICK_CATALOG_HOME
TRICK_USER_PROFILE
TRICK_DEBUG 1=-g, 2=-0
TRICK_EDITOR
TRICK_PRINTER_NAME
TRICK_PRINT_CHMD

root/trick_catalog
root/.Trick_user_profile

6’-

nn

—
=

=

/u
froot/trick_sims
/
/

Use the arrow keys or Enter to navigate or ESC to abort
Press F2 to accept your choices
Press F3 to restore the default vaules

qan|
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Set up the Environment

 csh/tcsh

% vi .cshrc
source SHOME/.Trick cshrc 10.##.#
(Where ##.# 1is the Trick version number)

o\°

vi .Trick user cshrc
setenv TRICK_CFLAGS "$TRICK_CFLAGS -Wall —-g" optional
setenv TRICK CFLAGS "STRICK CFLAGS -ISHOME/trick models"

o\

source .cshrc

« bash

vi .profile
SHOME/ .Trick profile 10.##.#

o\

o\°

vi .Trick user profile
TRICK CFLAGS="STRICK CFLAGS -Wall -g" optional
TRICK CFLAGS="STRICK CFLAGS -ISHOME/trick models"
export TRICK CFLAGS

o\°

.profile
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Trick Environment

 Running "gte" should give you a list of Trick variables
— Not all gte variables are in the environment

% gte

TRICK_CATALOG_HOME=/root/trick_catalog
TRICK CAT MGR HOME=/user/local/trick/trick-10.4.1/catalog
TRICK CC=cc

RICK CFLAGS=-Wall -g -I/root/trick models —

TRICK_CPPC=c++

TRICK CXXFLAGS=

TRICK:DEBUG:0

TRICK EDITOR=vim

TRICK_EXEC_LINK LIBS—

TRICK FORCE 32BIT=0

TRICK GTE EXT=
TRICK_HOME=/user/local/trick/trick-10.4.1
TRICK HOST CPU=Linux 4.2 27

TRICK HOST CPU USER SUFFIX=

TRICK_HOST TYPE=Linux

TRICK ICG_EXCLUDE=

TRICK_MAKE=
TRICK_PATH=/user/local/trick/trick-10.4.1/bin Linux_ 4.2 27:/user/local/trick/trick-10.4.1/bin
TRICK_PRINTER_ NAME=

TRICK_PRINT CMD=lpr

TRICK USER CSHRC=/root/.Trick user cshrc
TRICK USER HOME=/root/trick sims

TRICK USER LINK LIBS=
TRICK:USER:PROFELE=/root/.Trickiuseriprofile
TRICK VER=10.0.dev

XML CATALOG FILES=/user/local/trick/trick-10.4.1/trick source/data products/DPX/XML/catalog.xml
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Introduction to the cannon ball
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Trickless Cannonball

Objective :
Show a standalone C program to simulate a cannon ball
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Cannonball Problem Statement

« A cannonball at initial position (0,0) is shot at initial velocity (v,) and
initial angle (0). How far does the cannonball travel?

« The analytical solution:

Horizontal Vertical
Initial position P =0 Py =0
Initial velocity V.o = VoC0S(0) Vyo = VSin(0)
Acceleration a, =0 a, =-9.81
Velocity V, =V, +at Vy = Vo tat
Position Py = Pyo T Vyol + 722,12 Py = Pyo + Vot + V2, t2
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Trickless Cannonball — Sample Problem

« Example: cannon_ball.c
— Standalone C program to simulate a cannon ball.
— Program’s components:
» Declarations
Default Data
Initialization

Executive
Shutdown
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Trickless Cannonball - Declarations

« Declarations

int main() {

double
double
double
double
double
double
double
double

#include <stdio.h>
#include <math.h>

/* Declare wvariables used in simulation */

pos[2] ; /* p, and p, */
pos_orig[2] ; /* p,, and p,, */
vel[2]; /* v, and v, */
vel orig[2] ; /* v,, and V0 * /
accl[2]; /* a, and a, *x /
init angle ; /* 0 */

init_ speed ; /* vy, */

time ;

8/13/13
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Trickless Cannonball — Default Data

 Default Data

/* Initialize data */
acc[0] = 0.0 ;
acc[l] = -9.81 ;

time = 0.0 ;

init angle
init speed =

=M PI/6.0 ;
50.0

.
7
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Trickless Cannonball - Initialization

* [|nitialization

/* Do initial calculations */
pos_orig[0] = 0 ;
pos _orig[l] = 0 ;
vel orig[0] cos(init_angle) *init speed ;
vel orig[l] = sin(init angle) *init speed ;
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Trickless Cannonball - Executive

Executive
/* Run simulation */
while ( pos[1l] >= 0.0 ) {
acc[0] = 0.0 ;
acc[l] = -9.8 ;
vel[0] = vel orig[0] + acc[O0]*time ;
vel[l] = vel orig[l] + acc[l]*time ;
pos[0] = pos orig[0] + vel orig[O]*time +
(0.5) *acc[0]*time*time ;
pos[l] = pos orig[l] + vel orig[l]*time +
(0.5) *acc[l] *time*time ;
time += 0.01 ;
}
8/13/13 Trick Basic Training

15



Trickless Cannonball - Shutdown

« Shutdown

/* Shutdown simulation */
printf ("Impact time=%1f position=%1f\n",
time, pos[0]);

return 0 ;
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Full

Standalone Simulation Components

Data

int main () {

double pos[2]; double pos_orig[2] ;
double vel[2]; double vel orig[2] ;

\ 4

double acc[2]; double init_angle ;

Declarations

Default Data —

double init speed ;

double time ;

0.0 ;
-9.81 ;

acc[0]

acc[1]

time = 0.0 ;
’init angle = M PI/6.0 ;
init speed = 50.0 ;

Initialization |

—

pos_orig[0] 0 ; pos_orig[l] = 0 ;

vel orig[0] cos(init_angle) *init_speed ;

'vel orig[1l] sin(init_angle) *init_speed ;

while ( pos[1l] >= 0.0 ) {

\ 4

Executive

acc[0] = 0.0 ; acc[l] = -9.8 ;

vel[0] = vel orig[0] + acc[0]*time ;
vel[l] = vel orig[l] + acc[l]*time ;
pos[0] = pos_orig[0] + vel_ orig[0]*time +

(0.5) *acc[0] *time*time ;
pos[l] = pos_orig[l] + vel orig[l]*time +
(0.5)*acc[l] *time*time ;

time += 0.01 ;

printf ("Impact time=%1f position=%1f\n", time, pos[0]);

\ 4

Shutdown

return 0 ;

8/13/13
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Running the Trickless Cannonball

o

% cc cannon ball.c —-1m

Qo

% ./a.out
Impact time=5.120000 position=221.269491
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Trickless Cannonball - Shortcomings

There are some problems with the previous simulation

Not scalable or modular

No data recorded

No notion of real-time

Can't change initial state without recompiling

All variables are unitless

Position is a function of time (no state integration)

Cannonball impact inaccurate (impact event occurs between
steps)

8/13/13 Trick Basic Training
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Trickless Cannon — Generalized To Trick

.

int main () {
double pos[2]; double pos_orig[2] ;
double vel[2]; double vel orig[2] ;
double acc[2]; double init_angle ;
double init_speed ;
double time ;
pos[0] = 0.0 ; pos[1l] = 0.0 ;
vel[0] = 0.0 ; wvel[l] = 0.0 ;
acc[0] = 0.0 ; acc[l] = -9.81 ;
time = 0.0 ;

init_angle = M PI/6.0

; init _speed = 50.0 ;

X,

pos_orig[0]

vel orig[l]

pos[0]

= ; pos_orig[l] = pos[l] ;
vel orig[0] = cos(init_angle)*init_speed ;
= sin(init_angle) *init_speed ;

return

0 ;

8/13/13

printf ("Impact t=%1f pos=%1f\n", time, pos[0]);

while ( pos[l] >= 0.0 ) {
acc[0] = 0.0 ; acc[l] = -9.8 ;
vel[0] = vel orig[0] + acc[0]*time ; T~
vel[l] = vel orig[l] + acc[l]*time ; —
pos[0] = pos_orig[0] + vel orig[0]*time +
(0.5)*acc[0] *time*time ;
pos[l] = pos_orig[l] + vel orig[l]*time +
(0.5)*acc[l] *time*time ;
time += 0.01 ;
} °
Yy

Trick Basic Training

Data declarations are in
headers

Defaults for data are specified
in routines classed as
"default_data”

Initialization calculations occur

in routines classed as
"Iinitialization"

Executive functioning is
managed by Trick and
configurable through input
files. Run-time routines are
called by Trick’s engine. And
are ordered based on a user
given class.

Shutdown routines are called
by Trick’s executive after the
main run-time loop.

20




Build a Trick Cannon Ball Simulation
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Build a Trick Simulation

* Objective
— Creating the directory system for cannon ball simulation
— Build a "Trickified” cannon ball simulation
— Putting the models together with the S_define
— Creating a Run Input File
— Adding Derivative and Integration Jobs

* Prerequisites

— Trick environment set up correctly
« TRICK_CFLAGS must contain —I${HOME}/trick_models
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Simulation Code Tree

[ Simulation ]
[ Model Source ] [ Simulation Directory ]
_ pe— Simulation . mm
Routines Headers;EQ” Definition Vt’ Inpu.t Data
(Jobs) (S_define) Files

It Data

—[ Default Data Jobs J

~N

{ Initialization Jobs )

| @]

—[ Run-time Jobs )

—[ Shutdown Jobs )
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% cd $HOME
$ mkdir -p trick sims/SIM cannon_example

$ mkdir -p trick models/example/gravity/src

$ mkdir -p trick models/example/gravity/include

Note: It is standard practice, although not mandatory, to place sims in a "sims"
directory, and model code in a "models" directory.

8/13/13 Trick Basic Training
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Data Declaration - cannon.h

* Declarations
— Structures/Classes expected in header files (*.h)
— Trick parses the header files keying on special comments
— See section 3.4 of Trick tutorial for more information

/************************************************

PURPOSE: |[¢e—(Cannonball Structure)
khkkkkkkkkhkkhkkhkkhkkkkkkkkkkkk*k %* % 9

keyword to trigger Trick processing

#ifndef _cannon_h
#define _cannon h

optional input/output specification

typedef struct ({

i/o code generated | 116 pos[2] ; /* (m) tesy’*/

for each param double vel[2] ; /* (m/s)ftest */ units
N double acc|[2] ; /* (mf82) t *x/
double init speed ; /* *¥ ( test */
double init angle ; /* *i] (r) teiEL:i\\

} CANNON ; —
#endif description used for auto-doc
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Create cannon.h

% cd SHOME/trick models/example/gravity/include
% vi cannon.h <edit as below & save> OR
% cp SHOME/trick models/copies/gravity/include/cannon.h

/**************************************************************************

PURPOSE: (My first cannon test)
**************************************************************************/
#ifndef cannon h
#define cannon h
typedef struct ({
double pos0[2];

/* *i (m) Init position of cannonball */

double velO[2]; /* *i (m/s) Init velocity of cannonball */
double acc0[2]; /* *1i (m/s2) Init acceleration of cannonball */
double pos[2]; /* (m) xy-position */
double vel[2]; /* (m/s) =xy-velocity */
double acc[2]; /* (m/s2) xy-acceleration */
double init speed; /* *i (m/s) Init barrel speed */
double init angle; /* *i (r) Angle of cannon */
} CANNON;
#endif
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Default Data Job — cannon_default _data()

* Default Data
— Default data no longer found in data files (*.d)
— No automatic unit conversions with "{ }" notation
— "default data"” job classes called prior to initialization job classes

/************************************************

PURPOSE : (Default data for cannonball)
************************************************/

#include "../include/cannon.h"
#include "trick utils/units/include/constant.h"

int cannon default data( CANNON* C ) ({

C->pos|[0] = 0.0 ;
C->pos|[1] = 0.0 ;
C->acc|[0] = 0.0 ;
C->acc|[1] = -9.81 ;

C->init _angle -30.0 * DTR ;
C->init speed = 50.0 ;

return 0 ;

}
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Create cannon_default data.c

$ cd ../src
% vi cannon_default data.c <edit as below and save> OR

% cp SHOME/trick models/copies/gravity/src/cannon_default data.c

/*************************************************************************

PURPOSE: (Default data for cannonball)
*************************************************************************/

#include "../include/cannon.h"
#include "trick utils/units/include/constant.h"

int cannon default data( CANNON* C)
{

C->pos|[0] = 0.0 ;
C->pos|[1] = 0.0 ;
C->acc|[0] = 0.0 ;
C->acc|[1] = -9.81 ;
C->init angle = 30.0 * DTR ;
C->init speed = 50.0 ;

return 0 ;
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Initialization Job — cannon_init()

« Module files

— Trick searches for header to use for auto documentation as well as
"LIBRARY DEPENDENCIES"

— Trick hes for functi t int
rick searches Tor tunction entry poImts 1 keyword to trigger Trick processing
|

/*********W******* Trick header used for auto-doc
PURPOSE : (Initialize the cannonball)

LIBRARY DEPENDENCIES: ((cannon_init.o))
********;*********** *****;****** deodedededeodedededeodeddd /

#include <math.h> other objects not in the S_define that
#include "../include/cannon.h” this module depends on (self
dependency optional)

int cannon_init( _
CANNON* C ) | entry point

{
C->vel[0] = C->init_speed*cos (C->init_angle);
C->vel[l] = C->init speed*sin(C->init_ angle) ;

return 0 ;
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Create cannon_init.c

$ vi cannon_init.c <edit as below and save> OR

% cp SHOME/trick models/copies/gravity/src/cannon_init.c

/**************************************************************

PURPOSE : (Initialize cannonball)
R L e T Ly

#include <stdio.h>
#include <math.h>
#include "../include/cannon.h"

int cannon_init( CANNON* C)
{

C->pos0[0] = C->pos[0];
C->pos0[1l] = C->pos[l];
C->vel[0] = C->init speed * cos(C->init_angle);
C->vel[l] = C->init speed * sin(C->init_angle);
C->vel0[0] = C->vel[O0];
C->velO[l] = C->vel[l];
C->acc0[0] = C->acc[0];
C->acc0[1l] = C->acc[l];

return O;

8/13/13 Trick Basic Training
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Create cannon_analytic.c

% vi cannon_analytic.c <edit as below and save> OR

% cp $HOME/trick models/copies/gravity/src/cannon _analytic.c

[Rrkkkkkkhkkkhkhkkkkkkk*k***TRICK HEADER****khkkhkkhkhkhhhkhhdhhhhhkkkkk
PURPOSE: : (Initialize cannonball)
R L L e e e L e ey

#include "../include/cannon.h"

int cannon_analytic( CANNON* C)

{
static double time = 0.0;
C->vel[0] = C->velO[0] + C->accO0[0] * time;
C->vel[l] C->velO[1l] + C->accO[1l] * time;

C->pos[0] =C->pos0[0] + C->velO[0] * time + (0.5) * C->accO0[0] * time *
time;

C->pos[1l] =C->pos0[1] + C->velO[1l] * time + (0.5) * C->accO[1l] * time *
time;

time += 0.01;

return O;

}
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Simulation Definition - S_define

Trick uses a simulation definition file, or S_define, to pull all of

the model pieces together into a simulation

S_define contains
data structure instantiations
default data jobs to call

model jobs to call
model job frequencies
model job classes

importing/exporting data to other simulations

freeze cycles

integration frequencies

collect statements to gather a list of parameters into a single

variable

8/13/13
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Simulation Definition - S_define

Mandatory include
containing Trick
PURPOSE: sim_objects

(S_define Header)
khkkhkhkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhhhdkhhhhhhkhkhkkkkko) */

[XK*kKkkkhkkkhkkkkkk*x**k*TRICK HEADER*****kkkkkkkkkhkkkhkkx

<

#include "sim objects/default trick sys.sm" |«

Denote location of . " . . "
class/structure/ i ##include| "example/gravity/include/cannon.h
Iﬁgftlon definitions J- ##include| “example/gravity/include/cannon proto.h"

will be referenced
by the S_define so
Trick will process

A 4

cannon

o B
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Simulation Definition — S_define (continued)

Arbitrary name of a

derived SimObject .
class J v This is the name of
class| CannonSimObject| : public Trick::SimObject { the typedef-ed
structure in
public: cannon.h
Derived sim_object CANNON [|cannon |

constructor with job

Name of CANNON
declarations

CannonSimObject ()| { instantiation
("default data") cannon_default data( &cannon )
wa = o o : " - . ;
("initialization") cannon init( &cannon Actual C/C++ arg

("scheduled") | lcannon_calc_drag|(| &cannon §4—— passed to job

} A

\ 4

.
14

A\ 4

Job class

Name of function
to call (job name)

|CannonSimObject dyn ;

A

Instantiate SimObect

A 4

cannon

Lifs m
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Create S_define for cannonball simulation

% cd $HOME/trick sims/SIM cannon example

% vi S_define <edit as below and save>

[xFxrkkkkkkkkkkkkkkkk*kxk*X*TRTICK HEADER***kkkkkkkkkkkhkkhkkkkkkkk

PURPOSE: (Simulate a cannon)
*************************************************************/

#include "sim objects/default trick sys.sm"
##include "example/gravity/include/cannon.h"

##include "example/gravity/include/cannon_proto.h"

continued on next page

8/13/13 Trick Basic Training

35



Create S_define for cannonball simulation (continued)

continued from previous page

class CannonSimObject : public Trick::SimObject {

public:
CANNON cannon ;

CannonSimObject () {
("default data") cannon_default data( &cannon ) ;
("initialization") cannon_init( &cannon ) ;
(0.01, "scheduled") cannon_analytic( &cannon ) ;
}
} o
CannonSimObject dyn ;

8/13/13 Trick Basic Training
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cannon_proto.h

$ cd SHOME/trick models/example/gravity/include/
% vi cannon_proto.h <edit as below and save> OR
$ cp SHOME/trick models/copies/gravity/include/cannon_proto.h

[Hhkhkkkkhkkhkhkhkhkkhkkhkkhkkkkkk*kkx*x*x TRICK HEADER ***kkkkkhhkhhkhhkhhhhkhkhkkkk*k

PURPOSE: (CANNON PROTOTYPES HEADER)

LIBRARY DEPENDENCIES: ((cannon analytic.o) (cannon init.o)

(cannon_default data.o))
**********************************************************************/

#include "cannon.h"

#ifdef  cplusplus /* If this is a C++ compiler, use C linkage */
extern "C" {
#endif

int cannon analytic(CANNON¥*) ;
int cannon_init (CANNON*) ;
int cannon_default data(CANNON*) ;

#ifdef  cplusplus

}
#endif

8/13/13 Trick Basic Training
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Compile the Cannonball Simulation

Abbreviated output to terminal

Generating S sie.resource..
./S main Linux 4.2 27.exe sie
Created S sie.resource file.
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CP Auto Generated Files

CP auto-generates the following files:

S_source.cpp

This file contains all the model-specific simulation source code for run-time. Code that
is common to all simulations can be found in: $TRICK_HOME

Makefile, Makefile_sim & Makefile_swig
This file contains all the Gnu-make rules for building and re-making the simulation
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CP Auto Generated Files

CP auto-generated files (continued)

S_library_list

This file contains a list of the model files that CP processed
.auto_checksums

checksum calculation
S_sie.resource

This file contains XML formatted code describing all simulation variables (used for
various Trick displays)

CP_out & MAKE_ out

This file contains text output showing configuration processing (CP) step by step (also
echoed to the screen when CP is executed)
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Additional Auto Generated Files

« CP calls several other autocode applications when building the
simulation:

e ICG - Interface Code Generator

— Generates header file I/0 source code for use with Trick’s memory
management and data recording (ATTRIBUTES structure)

— see io_src directories in model directories
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Input File

Trick simulations can use a input file
The input file is interpreted

— No need to recompile the simulation after changing the file
The syntax for the input file will be discussed later in the day.
By convention, the input file is placed in a RUN_* directory
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Create Input File & Run Simulation

mkdir RUN_ test

cd RUN test

vi input.py <edit as below and save> OR

cp $HOME/trick sims/SIM cannon_copy/RUN_ test/input.py

o0 o0 d° o°

my event = trick.new_event ("impact")
my event.set cycle(0.01)

my event. condition (0,"""trick.exec _get sim time() > 1.0 and \
dyn.cannon. pos[l] <= 0.0""")
my event.action(0,"""print 'impact time: $f X-position: %s Y-position: %s' \
- % (trick.exec get sim time (), dyn.cannon.pos[0], \
dyn.cannon. pos[l])""")

trick.add event (my_ event)
my event. activate ()

trick.stop(5.2)

% cd ..
% ./S_main *exe RUN test/input.py
impact time: 5.110000 X-position: 220.836 m Y-position: -0.07905 m
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Trick State Integration
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Trick’s Integration Capabilities

Trick provides a common interface for different integration algorithms. Available
algorithms are listed in section 7.11 of the User’s Guide.

Trick provides derivative and integration job classes to calculate the next simulation
state from the previous.

Trick calls the derivative and integration jobs multiple times, depending on the chosen
integration algorithm. For example: Runge Kutta 4 calls them four times for each
simulation time step.

Derivative jobs supply the derivatives to be integrated.

Integration jobs :
— Load the state and state derivatives into the integrator.
— Call the integrate() function and then
— Unload the results.

— Tell the integration scheduler whether integration for the current time step is complete. That
is: return the value returned by integrate().
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Cannonball using Trick’s Integration Capabilities

In the cannonball simulation, the cannonball state : (velocity, position) will be
periodically updated by integrating the following state derivatives
(acceleration, velocity).

The acceleration will be fixed: (0, -9.81m/s2).

The velocity will obtained by the previous integration of acceleration.
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cannon_deriv()

Derivative Job

/***********************************************

PURPOSE : (Try Trick Integration)

***********************************************/

#include "../include/cannon.h"

int cannon_deriv(

CANNON* C)

{
C->acc[0] = 0.0 ;
C->acc[1l] = -9.81 ;
return (0) ;

}

8/13/13 Trick Basic Training
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cannon_integ()

Integration Job

Load State

Integration Step

Unload State

Tell if we're done

8/13/13

[*xhhKkkkKkkkkkkhkkkkkkkkkkx*x TRICK HEADER** *kkkkhkkkhkkhkkhkkhkkkkkk

PURPOSE : (Cannon integration)
***************************************************************/

#include "sim services/Integrator/include/integrator_c_intf.h"
#include "../include/cannon.h"
#include <stdlib.h>

int cannon_integ( CANNON *C)

{ int ipass ;
load state( &C->pos[0], &C->pos[l1l],
&§C->vel[0], &C->vel[l], NULL);
load deriv( &C->vel[0], &C->velll],
&C->acc[0], &C->acc[l], NULL);

ipass = integrate();

unload state( &C->pos[0], &C->pos[1l],
&C->vel[0], &C->vel[l], NULL);

return (ipass) ;
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Create cannon_proto.h

% cd SHOME/trick models/example/gravity/include
% vi cannon proto.h <edit as below & save>

Change LIBRARY DEPENDENCIES as shown, remove cannon analytic(), and add
cannon_integ() and cannon _deriv().

/**************************************************************************

PURPOSE: (Cannon Prototypes)
LIBRARY DEPENDENCIES: ((cannon_integ.o) (cannon_deriv.o)

(cannon_init.o) (cannon_default _data.o))
**************************************************************************/
#ifndef cannon_proto_h_

#define _cannon_proto_h_
#include <stdio.h>
#include "cannon.h"

#ifdef _ cplusplus
extern "C" {
#endif

int cannon_integ (CANNON¥*) ;
int cannon_deriv (CANNON¥*) ;
int cannon_init (CANNON¥*) ;
int cannon_default_ data (CANNON¥*) ;

#ifdef _ cplusplus
}

#endif

#endif
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Create cannon_deriv.c

% cd SHOME/trick models/example/gravity/src
% vi cannon_deriv.c <edit as below and save> OR
% cp SHOME/trick models/copies/gravity/src/cannon_deriv.c

/**********************************************************************

PURPOSE: (Try Trick Integration)
Kkkkkkkkkkkhkhhhkhhhkhkkkhhhhhhkhkhkhkhhhhhhkhkhkhkhkkhhkhkhkhkhkkkkkkkkx /

#include "../include/cannon.h"

int cannon deriv ( CANNON* C)
{

C->acc[0] 0.0;

C->acc[l] = -9.81;

return O;
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Create cannon_integ.c

% vi cannon_integ.c <edit as below and save> OR
% cp SHOME/trick models/copies/gravity/src/cannon_integ.c

[RrKkkhkkkkkkkhkkkkkkkkkkkkkkkkkkkkkxkx TRICK HEADER ***kkkkkhkkkokhkhkhkkhkhkkx

PURPOSE : (Cannon integration)
***************************************************************************/

#include "sim services/Integrator/include/integrator c_intf.h"

#include "../include/cannon.h"
#include <stdlib.h>

int cannon_integ( CANNON *C)
{
int ipass ;
load state( &C->pos[0], &C->pos[1],
&C->vel[0], &C->vel[l],
NULL) ;

load _deriv( &C->vel[0], &C->vel[l] ,
&C->acc[0], &C->acc[l] ,
NULL) ;
ipass = integrate() ;
unload state( &C->pos[0], &C->pos[l] ,
&C->vel[0], &C->vel[l] ,
NULL) ;

return (ipass) ;
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Update S_define

$ cd $HOME/trick sims/SIM cannon example
% vi S define <edit as below and save>

/**************************** Trick Header ****kkkkkkkkkkkkkkhkkhkkhkhkkhkkhkkkkkk

PURPOSE: (S_define Header)
***************************************************************************/
#include "sim objects/default trick sys.sm"

##include "example/gravity/include/cannon.h"

##include "example/gravity/include/cannon_proto.h"

class CannonSimObject : public Trick::SimObject {
public:
CANNON cannon ;

CannonSimObject () {
("default data") cannon_default data( &cannon ) ;
("initialization") cannon_init( &cannon ) ;

("derivative") cannon_deriv(&cannon) ;
("integration”) trick ret = cannon_integ(&cannon) ;

} o
CannonSimObject dyn ;
IntegLoop dyn_integloop (0.01) dyn;
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Explanation of S_define Updates

class CannonSimObject : public Trick: :SimObject {
public:
CANNON cannon ;

CannonSimObject () {
("default data") cannon_default data( &cannon )
("initialization") cannon_init( &cannon )

Integration

loop
}

|
xpannonSimObject dyn ;
IntegLoop dynﬁ}ntegloop (0.01) dyn;

Unigque name

Add the jobs required

List of sim objects whose for integration.

integration this IntegLoop

Integration rate

Controls. (comma delimited)
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Instantiate an Integrator Object

$ cd $HOME/trick sims/SIM cannon example/RUN test
% vi input.py <edit as below and save>

dyn_integloop.getIntegrator (trick.Runge Kutta 4, 4)
my event = trick.new_event ("impact")
my event.set cycle(0.01)

my event. condition (0,"""trick.exec _get sim time() > 1.0 and \
dyn.cannon. pos[l] <= 0.0""")
my event.action (O, """prlnt. impact time: $f X-position: %s Y-position: %$s' \

% (trick.exec _get sim time (), dyn.cannon.pos[0], \
dyn.cannon.pos[1])""")

trick.add event (my_event)

my event.activate()

trick.stop(5.2)
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Re-Compile Trick Simulation and Run

$ cd ..
% make clean

% CP
% ./S_main *exe RUN test/input.py
impact time: 5.100000 X-position: 220.836 m Y-position:

-0.07905 m
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Running Cannonball Simulation in Real Time
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Real Time

« Objective

— Create a real-time input file

— Get-to-know the Simulation Control Panel
* Prerequisites

— Trick environment set up correctly
« TRICK _CFLAGS must contain —I${HOME}/trick_models

— Previous section’s cannon ball simulation compiles and runs
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Create Real Time Input File

cd $HOME/trick sims/SIM cannon_example

mkdir Modified data

cd Modified data

vi realtimefpy <edit as below and save> OR

cp SHOME/trick sims/SIM cannon copy/Modified data/realtime.py

o0 o° d° o° o

trick.frame log on()

trick.real time enable ()
trick.exec:set;goftware_frame(0.1)
trick.itimer enable()

trick.exec _set enable freeze (True)
trick.exec_set freeze command(True)
trick.sim control panel set enabled(True)
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Update Input File and Run Executable

% cd ../RUN_test
% vi input.py <edit as below and save>

execfile ("Modified data/realtime.py")

trick.stop(5.2)

% cd ..
% ./S_main*exe RUN test/input.py &
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Running Simulation in Real-Time

 Simulation Control Panel
7 'Sim Control ™" [=][=][]

File  Actions

0%

| Step | DataRecOn r’
Start RealTime On | RET (sec)

Dump Chkpnt || |0.00
Shutdown Load Chkpnt | | Sim / Real Time
Lite 1.00

7/'VuéérS/Eibaﬁter;/trick!dé\r//trrunlr<r/rtr"'ick_sirwws/SIM_cannon_contact/iméin_ﬁnux_ii;ZS.exe‘FriLerlv\rl_teSt/input.py 1o |

Find : Case sensitive

Host Port

WonderWoman 7000
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Running Simulation in Real-Time

| Current SimulationW:

Start/Freeze/Single Step/
Shutdown the simulation

Dump/Load Checkpoint

Turn on/off data recording
and realtime

%
| Step [ DataRecOn
Start RealTime On | | RET (sec)

Dump Chkpntf | |0.00
Shutdown Load Chkpntf | Sim / Real Time
Lite f 1.00

trickes:

S

* Run Elapsed Time
e Sim to Real Time Ratio

v

/uéérs/dpva-n-ter/tric|<_dev/trun|</tric|<_SimS/S|M_cannon_contact/S_main_Linux_4. 1 25.exe RUN_test/input.py |0

Simulations and Overruns

Host

WonderWoman

Find : Case sensitive |Find

Port

Status Messages
|
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Running Simulation in Real-Time

File menu

8/13/13

L FOntra E [=][=][x]
Actions
« Save and clear status
Clear Status Msgs... e —— .
- ‘ message window
* Find text in status window
Step Data Rec On
Start RealTime On | RET (sec)
Dump Chkpnt 0.00
Shutdown | Load Chkpnt AR
1.00

Lite

Find : Case sensitive

Host Port

WVonderWoman 7000
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Running Simulation in Real-Time

* Actions Menu Mﬂ,e

RS Start Event/Malfunction Trick View L
Freeze At...
Freeze In...
In | " -
Checkpoint Objects...
Throttle... ’
ree Dump Chikpxg| | 1900
Shutdown | Load Chikpnt |\ / Real Time
Lite '

4 » Actions Menu

o —  Start Trick View (TV)

— Start Event/Malfunctions Trick View
— Set Freeze time

— Set list of objects to checkpoint
Throttle

b.exe RUN_test/input.py |0

Find : Case sensitive

Host Port

WonderWoman
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Running Simulation in Real-Time

 Throttle

— Only available when itimers are off
» See real time presentations and User’s Guide for itimer information

— Allows sim to run a multiple of realtime

Select a value:
Min: 0.0 Max: 10.0

Current Value: 0.0

|
KIIIIIIIIII

X Cancel| | 4P OK

* Freeze Popup
— Freeze at = absolute time e ye Sl aF sneciled Fime
— Freeze in = relative time

Freeze sim at (enter RET):

X Cancel OK

8/13/13 Trick Basic Training 64



Running Simulation in Real-Time

Trick View (TV)

— View/Set variables within the simulation

» Double-click variable in variable tree to add to parameter table

= ZHha =I[elx
File Actions tr iCkw
4 4 % (3 | Monitoris ON |Cycle: 0.5 || Sim Time: 1.30| 4] X

E Erjcr_sys ~{| Search: Parameter Value Units ®
b t;:g;‘rcnmmd args ® Contains © RegEx dyn.cannon.pos[0] 55.85864205714106 m &
b message Case Insensitive dyn.cannon.pos[1] 24.08758341522723 m

> trick_ip dyn.cannon.vel[0] 43.30127291251248 m/s

b trick_vs dyn.cannon.vel[1] 12.34509528312191 m/s

b data_record
P master_slave
b real_time

b instruments

< cannon
pos0[2]
velO[2]
acc0[2]
pos[2]

acc[2]
init_speed
init_angle
b rf
impact
fp
b connection
b my integ[0]

\Wialain=TallaTalal

Host: |WonderWoman

Hierarchal
variable

chooser

1

» Parameter values

Automatically updated
Click on "Value" to set

Click on "Format" to select
decimal (default), Ascii, hex,
octal, or binary value display

Click on "Unit" to convert

v

Manual Entry:

Port: | 7000

Purge BAD_REFs

Disconnect
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Running Simulation in Real-Time

« Panel indicating simulation complete
(- Sim Complete message L=l

File  Actions

|

l— Flag stops waving

100% |

- [CFICKs»

5.20
Sim / Real Time
1.00

Exit message from sim

/uéérs/dpanfer/tric|<_dev/trunchontacUS_main_Linux_4, 1 25.exe RUN_test/input.py |0

d

PROCESS: O
ROUTINE: Executive_loop_single_thread.cpp:80

DIAGNOSTIC: Reached termination time

SIMULATION START TIME. 0,000
SIMULATION STOP TIME:
SIMULATION ELAPSED TIME: .
ACTUAL CPU TIME USED: i 1
SIMULATION / CPU TIME: S Disconnected from sim

INITIALIZATION CPU TIME:

Find : Case sensitive

Host Port

WonderWoman 7000
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Simulation Architecture
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Simulation Architecture

 Objective
— Job Scheduling

* Job Classes

« Job Frequencies and offsets

* Phasing

« Threading simulations

* Integration and Collect statements

* Prerequisites

— Trick environment set up correctly
¢ TRICK_CFLAGS must contain —I${HOMEJ}/trick_models
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Job Classes

 Jobs classes
— Each S_define level job is required to have a job class

— The job class determines the order of the module calls when the job is
scheduled to run

— Trick has many different job classes

class CannonSimObject : public Trick::SimObject {
public:
CANNON cannon ;

CannonSimObject () {
k"default_data") cannon_default data( &cannon ) ;

k"initializationh) cannon_init( &cannon ) ;

k"derivative"ﬂ cannon_deriv (&cannon) ;

k"integration” trick_ret = cannon_integ(&cannon) ;

|
CannonSimObject dyn ;
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Job Classes

« Job Classes - Initialization

— "default data”
« Module executed only once.
» The only class called before the input file is read.
— "initjialization"
« Module executed only once, at simulation time = 0. Is called after the input
file is read.

— "restart"

» Run once after a checkpoint file is loaded or sim is started from checkpoint
file.
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Job Classes

« Job Classes — Executive

— "environment" (e.g., atmosphere, third body gravitation)

— "sensor" (e.g., Gyros, Accelerometers, Vision)

— "sensor emitter" (e.g., radar, laser)

— "sensor reflector” (e.g., surfaces)

— "sensor_receiver" (e.g., radar receiver, laser receiver)
— |"scheduled"tDefanttsgheduled jor——— .

most common executive class

— "effector" (e.g., RCS, servo motors, maps;
— "effector emitter" (e.g., plume, active magnetic fields)
— "effector receiver” (e.g., experiences effects from receivers)
— "automatic last" (e.g., self scheduling, but runs last)
— "logging" (Sim data logging functions, Trick internal job class)
— "end of frame"

» Trick executes all of these jobs in the same loop in the above
order. Their position in the list is what really distinguishes
these job classes.

8/13/13 Trick Basic Training 71



Job Classes

Job Classes — Integration

— "derivative"

« Equations of motion (EOM) derivative function.
— "integration”

« EOM state integration function.
— "dynamic event”

* Provides a continuous time dependent equation whose root defines a
discontinuous event in the system EOM. Evaluation of function returns an
estimated delta time to reach the root.

— "post Integration”
* Runs after the integration loop is finished

These job classes are not run at simulation time = 0. The
exception is that a derivative job can be configured to run at
time 0.
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Job Classes

 Job Classes — Freeze and Checkpointing
— "freeze init"
* Run once when entering freeze.

— "freeze"
» Cyclically called while in freeze.

— "unfreeze"
* Run once when returning to Run.

— "checkpoint"
« Run before a checkpoint is taken.

— "preload checkpoint”
* Run before a checkpoint is loaded.

— "post checkpoint”
» Run after a checkpoint is loaded.
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Job Classes

« Job Classes — Other

— "automatic"

« Self scheduling job class. Job is expected to reschedule itself via its job
control inputs.

— "random"

» Execution occurs at a specified delta time plus or minus 1 sigma random
time.

— "shutdown"
* Run when sim is exiting.
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Job Classes

« Job Classes — Monte Carlo

— "monte_master_init"
» Runs when master sim is initialized

— "monte master pre"
* Runs before new data is dispatched to slave sim

— "monte_master_post"
 Runs after result is returned from slave

— "monte master shutdown"
 Runs when master shuts down

— "monte_slave_init"
 Runs when slave sim is initialized

[ 1] (1]
— monte_slave_pre
 Runs after new data is received from master

— "monte_ slave post”
* Runs after slave sim is completed (sends result to master)

— "monte_slave_shutdown"
« Runs when monte carlo master comm is lost and slave shuts down
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Job Frequencies

« Derivative and Integration jobs inherit their frequencies from the IntegLoop
statement

class CannonSimObject : public Trick::SimObject {
public:
CANNON cannon ;

CannonSimObject () {
("initialization") cannon_init( &cannon ) ;
("default data") cannon_default data( &cannon ) ;

("derivative") cannon_deriv (&cannon) ;
("integration”) trick ret cannon_integ(&cannon) ;

(0.015, "scheduled")|cannon_palc_drag( &cannon ) ;

}
CannonSimObject dyn ;

:IntegLoop dyn_integloop (0.01) dyn;l
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SIM _cannon L4

To illustrate job frequencies let’'s run SIM_cannon_L4

o\

$ cd SHOME/trick sims/SIM cannon L4
CP

o\©

./S main S${TRICK HOST CPU}.exe RUN grav/input.py

8/13/13
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SIM _cannon L4

Job echoing was turned on with trick.echo_jobs_on().

Sim Control
File Actions
1
- . | ]
Re¢ e 0 RET (sec) ‘ ’CK
Ze ( nt 5.20
Load Chipny ) | i / Real Time Scroll to the top
( Lite ) € Exit 3 1.00
/Users/penn/trick_dev/trunk/trick_training/trick_sims/SIM_cannon_L4/S gfain_Darwin_10_gcc_4.2.exe RUN_grav/input.py 0
|L1|2011/01/17,17:30:48anvil.trick.gov| [T 0/0.00| Freeze OFF. /
IL1]2011/01/17,17:30:48|anvil.trick.gov| |T 0/0.00| 0.000000 trick_ip.ip.process_event .
IL1|2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.00] 0.000000 dyn.cannon_calc_drag
|L1|2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.00] 0.000000 trick_vs.vs.copy_data
IL1|2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.00] 0.000000 trick_sys.sched.advance_sim_time
IL1]2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.05| 0.050000 dyn_integloop.integ_sched.integrate
IL1|2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.05] 0.050000 dyn.cannon_deriv
IL1|2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.05] 0.050000 dyn.cannon_integ
IL1|2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.05] 0.050000 dyn.cannon_deriv
|L1]2011/01 ,17:30:48|anvil.trick.gov| |T 0/0.05| 0.050000 dyn.cannon_integ a
|L1]2011/0 ,17:30:48|anvil.trick.gov| |T 0/0.05] 0.050000 dyn.cannon_deriv E |
Find : |_| Case sensitive
Host Port
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Analyze Echo Job Output

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

The time stamp shown is the
simulation time, not "wall
clock™ time
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Job Frames

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

Trick cyclically creates a
queue of jobs and executes
them in an order determined
by job class and S_define
order

Trick prepares a job queue at
times when any job needs to
execute

Higher frequency jobs mostly
determine the granularity of
job queue creation

Job frames have no notion of
real-time synchronization
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Job Frames (Initialization)

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

Initialization

During initialization,
initialization and derivative
class jobs are called

Initialization jobs may be
ordered with the S_define P#
syntax
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Job Frames (Time Zero)

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

Job Frame 1

* Integration class jobs are not
called at time=0.0

* ALL other run-time jobs are
called at time zero. If this is
undesired, use an offset
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Job Frames (Second)

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

8/13/13

Job Frame 2

Trick Basic Training

Integration class jobs follow
derivative class jobs at the top
of the job frame. If they are in
a job queue, they are executed
first.

In this example, derivative and
integration jobs are called
twice. This is because we are
running with Runge Kutta 2
which requires two passes.

cannon_calc_drag() is not

queued since its freq doesn't
match the 0.010
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Job Frames (Third)

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

Job Frame 3

* No other jobs have frequencies
that fall on 0.015, so
cannon_calc_drag() is alone in
the job queue

« The speed of job queue
creation is dependent on the
number of jobs available. Bear
this in mind before making a

job with a weird frequency that
forces continual job queueing
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Job Frames (Fourth)

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

8/13/13

Job Frame 4

Trick Basic Training

Queue is identical to 0.010
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Job Frames (Fifth)

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

8/13/13

Job Frame 5

Trick Basic Training

Here we hit the LCM of 10 &
15, so all jobs are called
and deriv-integ are called
first
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Job Frames (Notes On Time Stamp)

Various init jobs above

0.000000 dyn.cannon_deriv

0.000000 trick_ip.ip.process_event
0.000000 dyn.cannon_calc_drag

0.000000 trick_vs.vs.copy_data

0.000000 trick_sys.sched.advance_sim_time

0.010000 dyn_integloop.integ_sched.integrate
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ
0.010000 dyn.cannon_deriv
0.010000 dyn.cannon_integ

0.015000 dyn.cannon_calc_drag

0.020000 dyn_integloop.integ_sched.integrate
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ
0.020000 dyn.cannon_deriv
0.020000 dyn.cannon_integ

0.030000 dyn_integloop.integ_sched.integrate
0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_deriv

0.030000 dyn.cannon_integ

0.030000 dyn.cannon_calc_drag

The frequency of a job tells Trick
when to run it, NOT how long to
run it

The stamps are simulation time
and have no relation to a wall
clock

"Real-time" can only occur (or
make any sense definition-wise)
if we decide to synchronize the
simulation time with external
real-time source
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Real-Time Frame

E& 0.000000

—0.01 @ 0.010000
0.010000
0.015000

—o0.02 D [ 0.020000
0.020000

—0.03 @ 0.030000
0.030000
0.030000

—0.04 @ 0.040000
0.040000
0.045000

—0.05 (O [ 0.050000
0.050000

—0.06 (O [ 0.060000
0.060000

0.060000

—0.07() 0.070000

8/13/13

dyn.cannon_calc_drag()

dyn.cannon_deriv()
dyn.cannon_integ()
dyn.cannon_calc_drag()

dyn.cannon_deriv()
dyn.cannon_integ()

dyn.cannon_deriv()
dyn.cannon_integ()

dyn.cannon_calc_drag()

dyn.cannon_deriv()

dyn.cannon_integ()
dyn.cannon_calc_drag()

dyn.cannon_deriv()
dyn.cannon_integ()

dyn.cannon_deriv()
dyn.cannon_integ()

dyn.cannon_calc_drag()

dyn.cannon_deriv()

Trick Basic Training

This echo assumes single-step
integration

It also assumes a real-time frame

of 0.01

The real-time frame is the
frequency at which Trick
synchronizes with the wall
clock

The wall clock is either the
system clock, interval timer
signal or user defined clock

All job frames within a RT
frame run back to back

Once all job frames are
complete within each RT
frame, a check is done on
progress. If ahead of
schedule, a wait is performed.
If behind, the next software
frame is immediately
executed in an attempt to
"catch up"”.
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Job Offset

« Job Offset syntax

(<frequency>, <offset>, <job class>) cannon calc_drag( &cannon) ; '

 What if we changed the offset to cannon_calc_drag to 0.005

(0.015,]0.005} "scheduled") cannon_calc _drag( &cannon) ;
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Job Offsets

6:00000 dyn.cannon_deriv() cannon_calc_drag iS Offset by
0.005 seconds

0.00500 dyn.cannon_calc_drag()

0.01000 dyn.cannon_deriv()
0.01000 dyn.cannon_integ()
0.01000 dyn.cannon_deriv()
0.01000 dyn.cannon_integ()

0.02000 dyn.cannon_deriv()
0.02000 dyn.cannon_integ()

0.02000 dyn.cannon_deriv()
0.02000 dyn.cannon_integ()
0.02000 dyn.cannon_calc_drag()

0.03000 dyn.cannon_deriv()
0.03000 dyn.cannon_integ()
0.03000 dyn.cannon_deriv()
0.03000 dyn.cannon_integ()

0.03500 dyn.cannon_calc_drag()

8/13/13 Trick Basic Training 90



Job Phasing

* Phasing
— Allows a user to reorder the jobs of the same class.
— Originally used to reorder initialization jobs, but now extends to all job classes
— Phase number ranges from 0 to 65534, default phase is 60000

P20 |(0.015, "scheduled") cannon_calc_drag(..);
P10 |(0.015, "scheduled") run me first(..);

I0.00000 dyn.cannon_deriv () I

0.00000 dyn.run me first()
0.00000 dyn.cannon_calc_drag()

0.01500 dyn.run me first()
0.01500 dyn.cannon calc drag()

0.03000 dyn.run me first()
0.03000 dyn.cannon_calc_drag()

—
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Threading

Threading in Trick 10 works differently than in Trick 7.

Cl| (1.0, |"scheduled") slow_job(..);

C# identifies the thread in which a scheduled job runs.

The process type of each thread may be set in the input file:

trick.exec_set thread process_ type(l, trick.PROCESS TYPE ASYNC CHILD)

There are three process types:
‘PROCESS_TYPE_SCHEDULED - (the default) the child thread
synchronizes with the main simulation thread at every time step.
‘PROCESS_TYPE_ASYNC _CHILD - the thread does not
synchronize with the main thread unless it ends.
‘PROCESS_TYPE_AMF_CHILD specifies that the child thread
periodically synchronizes with the main thread as specified in the
input file:

trick.exec_set thread amf cycle time(l, 10.0)

8/13/13 Trick Basic Training
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Collect Mechanism

e What?

— Mechanism that allows a developer to group multiple parameters from
various models, and of the same type, into a single parameter. Useful
when the variable names or number of variables being passed may

change.
— Force summation is the most used application of the collect mechanism

collect obj.struct.vars = { obj.structl.variable b , obj.struct2.var c } ;

* Where?

— The collect statement is in the S_define. A job is designated to process
the values "collected".

« How?
— The list of parameters in the collect statement is turned into an array of
values, and a pointer is assigned to that array..

8/13/13 Trick Basic Training 93



Input Processor
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Input Processor

 Objective
— Describe how the input processor works with a Trick simulation.
— Show examples of how the input file can affect the simulation

* Prerequisites
— None
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Input Processor

The input processor is a Python intrepreter that "knows" about your
simulation’s sim objects.

A simulation input file is simply a Python script. It is typically named input.py.
Typical invocation of a simulation is :

% ./S main*.exe RUN test/input.py

The input processor runs input.py to completion before user’s
initialization jobs are run.

There is an online Python Tutorial at:  http://docs.python.org/tutorial/
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Input Processor

Assign Values :

dyn.cannon.pos[0] = 0.0
dyn.cannon.pos[1l] = 0.0
dyn.cannon.acc[0] = 0.0
dyn.cannon.acc[l] = -9.81

dyn.cannon.init angle = trick.attach units("d",30.0)

dyn.cannon.init speed = 50.0 ‘\\\\\

Units Conversion
Tell the sim to stop after 300 seconds :

trick.exec set terminate time(300.0)
An alternate way of stopping:

trick.stop(300.0)
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Input Processor — Writing Checkpoint Files

How to write a :

Pre-initialization checkpoint :

trick.checkpoint pre init(True)

Post-initialization checkpoint :

trick.checkpoint post init(True)

Checkpoint at 120 seconds:

trick.checkpoint(120.0)

Post-Run Checkpoint :

trick.checkpoint end(True)

8/13/13 Trick Basic Training 98



Input Processor — Providing Simulation Interface GUIs

How to provide a :

Sim Control Panel :

trick.sim control panel set enabled(1)

Trick View:

trick.trick view set enabled(1)

Stripchart;

trick vs.stripchart.set input file("cannon.sc")

trick.stripchart set enabled(1)

Monte Carlo Monitor :

trick.monte monitor set enabled(1l)

Malfunctions Panel:

trick.malfunctions trick view set enabled(1l)
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Input Processor — Sim Objects & Jobs

How to :

Set the job rate:

trick.set job cycle( char* job name, double in cycle)

Turn a job on/off

trick.exec set job onoff(char * job name , int on off)

Turn a sim object on/off

trick.exec set sim object onoff( char* sim obj name, int on off)

Turn echo jobs on/off.

trick.echo jobs on()
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Input Processor — Creating an Integrator

Create a Runge_Kutta_2, four element state integrator whose default
integration rate is 0.01 seconds :

integ loop object.getIntegrator( trick.Runge Kutta 2, 4)

Create a Runge_Kutta_4, eight element state integrator whose default
integration rate is 0.01 seconds :

integ loop object.getIntegrator( trick.Runge Kutta 4,8)
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Add read

Executing Python code at a specific time using add_read():

% cd SHOME/trick sims/SIM cannon L4
% vi RUN grav/input.py

Uncomment the code below

#add read example

read = 2.3
trick.add read(read,"""print "hello, the sim time is: " , trick.exec get sim time()""")
read = 3.4
trick.add read(read,"""print "howdy, the sim time is: " , trick.exec get sim time()""")

Comment-out the line below and save

#trick.echo jobs on()

Re-run the sim.

o

% ./S main $S{TRICK HOST CPU}.exe RUN grav/input.py

On your terminal, you should see:

hello, the sim time is: 2.3

howdy, the sim time is: 3.4
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Input Processor — Events

Now, let’s add an event :

$ cd SHOME/trick sims/SIM cannon L4
% vi RUN grav/input.py <uncomment the code below and save>

# --- Event Example ---
ceiling = 25.0
event 1 = trick.new event ("event 1")

event l.set cycle(0.01)

event l.condition (0, """dyn.cannon.pos[l] > ceiling""")
event l.action(0, """print 'Hit the ceiling at', trick.exec get sim time(),\
'SeCOHdS. l""")

trick.add event (event 1)

event l.activate ()

Re-run the sim.

$ ./S main $S{TRICK HOST CPU}.exe RUN grav/input.py

You should see: Hit the ceiling at 1.37 seconds

8/13/13 Trick Basic Training
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Re-activating an Event

Like a mousetrap, once an event is triggered, it is no longer active. To
Reset the event, use: event.activate() in the event.action string:

# --- Event Example #2 ---

event 2 = trick.new event ("event 2")

event 2.set cycle(0.01)

event 2.condition (0, """ ((dyn.cannon.pos[l] > ceiling) and\
(dyn.cannon.pos[1l] - float(dyn.cannon.vel[l] * 0.01)) < ceiling) or\
((dyn.cannon.pos[l] < ceiling) and\

(dyn.cannon.pos[1l] - float(dyn.cannon.vel[l] * 0.01)) > ceiling)""")

event 2.action (Q—ttllpsednetHit the ceiling at', trick.exec get sim time(),\
'seconds.’', vent_2.activa§é1;::>”W

trick.add event (event
event 2.activate ()

Reactivating an event

8/13/13 Trick Basic Training
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Input Processor — Stripcharting

Now let’s stripchart the cannonball trajectory:

A stripchart configuration file specifies what our stripchart will contain
(note, parameters with the equal sign are optional):

FILE Stripchart:

title = "Cannon Trajectory"
cannon.sc <

geometry = 800x800+300+0

x min = 0.0

x max = 250.0

y min = 0.0

y max = 40.0

X _variable = dyn.cannon.pos[0]

dyn.cannon.pos[1]

$ cd SHOME/trick sims/SIM cannon L4
% vi RUN grav/input.py <uncomment the code below and save>

trick vs.stripchart.set input file("cannon.sc")

trick.stripchart set enabled(1)
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Input Processor — Events Example

Re-run the sim.

$ ./S main $S{TRICK HOST CPU}.exe RUN grav/input.py

You should see a stripchart

similar to this, produced during

the simulation:

8/13/13

00O

Stripchart

File Settings

40.0

Cannon Trajectory

37.5
35.0
325
30.0
27.5
25.0
22.5
20.0
7
15.0
j[EXEh
10.0

7.5

5.0

2.5

0.0

50 75 100 125 150

dyn.cannon.pos[0] ()

17/ 200 225

—dyn.cannon.pos[1] ()

(Al )

Stop )

{ No Legend 3 € Postscript... ) ( Exit )

Trick Basic Training
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Trick DP
(DP = Data Products)
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Trick DP Advanced Topics

« Objective
— Create new pages/plots
— Create and save DP "sessions"

* Prerequisites
— Data recorded when simulation run
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trick_dp

Start trick_dp

o\© o

cd SHOME/trick sims/SIM cannon L7

trick dp &

Trick DP

Session  Sims/Runs Data Product

~Sims/Runs Tree

CEE U0AFEAaA B B2 a B trickes;

Settings Actions Help

DP Tree

SIM_Ball++_L1
SIM_ball_L1
SIM_ball_L2
SIM_ball_L3
SIM_cannon_copy
SIM_cannon_L3
SIM_cannon_L4
SIM_cannon_L5S
SIM_cannon_L7
SIM_cannon_muilti
SIM_master_imp_exp
SIM_master_timer
SIM_slave_imp_exp
SIM_spring
SIM_spring_f77
SIM_spring_mc
SIM_sun

VVVVVVVVVVvVVvVVvVvVvVvVvVvvywv

~ jusersjhchenjtrick_dewvjtrunkjtrick_trainingjtrick_sims

Sims initially appear unexpanded.

Double clicking sims or single clicking the
node icon on the left will show runs
contained in that sim

Runs in black contain data
Runs in grey do not contain data

8/13/13
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trick_dp

« Open SIM_cannon_L7

= Trick DP

Session Sims/Runs Data Product Settings Actions Help
heE 00DAHAER B EBE0D A tricke

CimaciDine Tean . ~DP Tree
F Jusers/hchenjtrick_dev/trunk/trick_trainingjtrick_sims

Double click "SIM_cannon_L7"
. . 0 ¥ SIM_cannon_L7
or single click the node icon < DP_Product

DP_cannon_xy.xml

D

b SIM_ball_L3
P SIM_cannon_cppy
P SIM_canno
P SIM_cann

RUN_jupiter
RUN_mars
RUN_mercury
RUN_neptune
RUN_pluto
RUN_saturn
RUN_uranus

RUN_venus When a sim is selected, DP files within the
> SiM_cannon_multi DP_Product directory appear to the right

P SIM_master_imp_exp
P SIM_master_timer
P SIM_slave_imp_exp

P SIM_spring
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trick_dp

« Select all runs in the SIM by double clicking each one or by
right-clicking the SIM folder and clicking "Add run(s)"

|"E Trick DH

Session  Sims/Runs Data Product  Settings Actions He

JEE UOAHEBE Pa
Sims/Runs Tree v[ 1. Select a" runs

w [usersfhchenftrick_devjtrunkjtrick_trainingjtrick_sims <
D> SIM_Ball++ L1
b sIM_ball_L1
b SIM_ball_L2 ~
b sIM_ball_L3
P SIM_cannon_copy
P SIM_cannon_L3
P SIM_cannon_L4

P SIM_cannon_L5
< .
SIM_cannon | 1. All runs appear in box below
RUN_earth
RUN_jupiter
RUNJmF;I'S Run Selections
RUN_mercury /users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_cannon_L?/TRUN_earth
RUN_ne tune Jusers/hchenftrick_dev/trunkjtrick_training/trick_sims/SIM_cannon_L7/RUN_jupiter
_nep Jusers/hchenftrick_dev/trunkjtrick_training/trick_sims/SIM_cannon_L7/RUN_mars
RUN_p|Ut° - Jusers/hchenftrick_dev/trunk/trick_training/trick_sims/SIM_cannon_L7/RUN_mercury
RUN_saturn \ Jusers/hchenftrick_devjtrunk/trick_training/trick_sims/SIM_cannon_L7/RUN_neptune
RUN_uranus Jusers/hchenftrick_devjtrunkjtrick_training/trick_sims/SIM_cannon_L7/RUN_pluto
RUN venus Jusers/hchenjtrick_devftrunkjtrick_training/trick_sims/SIM_cannon_L7/RUN_saturn
SIM cannon multi Jusers/hchen/trick_devjtrunkjtrick_training/trick_sims/SIM_cannon_L7/RUN_uranus

. Jusers/hchenftrick_dev/trunk/trick_training/trick_sims/SIM_cannon_L7/RUN_venus
P SIM_master_imp_exp

P SIM_master_timer
P SIM_slave_imp_exp
P SIM_spring
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trick_dp

« Start Quickplot

= Trick DP

Session Sims/Runs Data Product Settings Actions Help

sEE Ud0AdBABIEZD 2O trickes;

~Sims/Runs Tree 3 ~DP Tree
< jusers/hchenftrick_devftrunk/trick_training/trick_sims | |[4| ||= fusers/hchenjtrick_devjtrunk/trick_training/trick_sims
P siM_Ball++_L1 < SIM_cannon_L7
P SIiM_ball_L1 <~ DP_Product
P SIM_ball_L2 DP_cannon_xy.xml
b SiM_ball_L3

P SIM_cannon_copy
P SIM_cannon_L3
P SIM_cannon_L4
P SIM_cannon_LS
RUN_earth
RUN_jupiter
RUN_mars

RUN_mercury Start QuickPlot. Quickplot is the

RUN_neptune 0 0 0
RUN_pluto plot/table builder application
RUN_saturn
RUN_uranus “
RUN_venus

P SIM_cannon_multi

P SIM_master_imp_exp

P SIM_master_timer

P SIM_slave_imp_exp

P SIM_spring u

DP Selections
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Creating a DP File

Trick QP

File Vars Runs Plots Tables Settings Help

cTemaEa O0A#BE O trickess
~\ars | DP Tree

—dyn.cannon.pos[0-1] (m) Plots

] dyn.cannon.pos[0] (m) Tables

| 1 dyn.cannon.pos[1] (m) Programs

_Isys.exec.out.time (s)

Runs Property Notebook

Jusers/hchenftrick_devjtrunk/trick_trainingjtrick_sims/SIM_cannon_N7/RY 1 Variables in black are present in a"

Jusers/hchenftrick_devjtrunk/trick_trainingjtrick_sims/SIM_cannon_LY/RY
Jusers/hchenftrick_devjtrunk/trick_trainingjtrick_sims/SIM_cannon_L7 Y selected runs
Jusers/hchenftrick_devjtrunk/trick_trainingjtrick_sims/SIM_cannon_L7/ . . .
fusersjhchenjtrick_devjtrunk/trick_trainingftrick_sims/SIM_cannon_L7/RU 2. Val'lables in I’ed are nOt present in
Jusers/hchenftrick_devjtrunk/trick_trainingjtrick_sims/SIM_cannon_L7/RY
Jusers/hchenftrick_devjtrunk/trick_training/trick_sims/SIM_cannon_L7/RY a" runs

Jusers/hchenftrick_devjtrunk/trick_trainingjtrick_sims/SIM_cannon_L7/RY 3_ Right_click Variable folder to expand

Jusers/hchenjtrick_dewvjtrunk/trick_training/trick_sims/SIM_cannon_L7/RU

Title: | Version: W| Start: |'-1.0e20 | Stop: |1.0e20 | Freq: |0.0
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Creating a DP File

Trick QP

File Vars Runs Plots Tables Settingg——-"
=3 O0OA 1 £4 1. Double Click dyn_cannon_pos[1] (m),
Vars DP Tree
|~dyn.cannon.pos[0-1] (m) ~ Plots
1 dyn.cannon.pos[0] (m) 75397
v Plot
M dyn.cannon.pos[1] (m) > ] curve

[Isys.exec.out.time (s .
sys.exec.out.time

dyn.cannon.pos[1

Tables
Programs

A new page and plot created automatically
Runs with the default x variable set to

Jusers/hchenftrick_dev/trunk/trick_traini

jusersihchenttrick_devitrunkirick raini| SY'S.€XecC.out.time. The y variable is set to
Jusers/hchenjtrick_dewvjtrunk/trick_trainin dyn cannon pOS[1]

Jusers/hchenftrick_devjtrunk/trick_trainin
Jusers/hchenftrick_devjtrunk/trick_trainin

jusers/hchenytrick_devftrunkjtrick_traini .
e e o o Pages can have multiple plots. To add more plots,

jusersihchenttrick_devitrunkitrick trainin |@ft click the page to select it, right click to bring
Jusersf/hchenftrick_devjtrunk/trick_trainin
up a menu to add and remove plots

Plots can have multiple curves. Drag more variables
onto the plot icon. Or select the plot and double-
click more variables

T|t|e:| | e L e o oo

K1 I
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Creating a DP File

Trick QP

File Vars Runs Plots Tables Settings Help

TmE U0AFHEBEEA O trickeys;

~Vars DP Tree

|—dyn.cannon.pos[0-1] (m) ~ Plots

W dyn.cannon.pos[0] (m) v B Page

[ dyn.cannon.pos[1] (m) v Wpic():t

! v urve
. out.t
[sys.exec.out.time (s) Syrcannon postol |
1

dyn.cangon.pos
Tables
Programs

\)perty Notebook

X )|

Jusers/hchenjtrick_devjtrunkjtrick_trainingjtrick_sims/SIN % | I | bl
- fif Replace X variable?

Jusers/hchenjtrick_devjtrunkjtrick_trainingjtrick_sims/SIN
Title \
ok ||

Jusers/hchenjtrick_devjtrunkjtrick_trainingjtrick_sims/SIN
Jusersjhchenjtrick_dev/trunk/trick traininaitrick sims/SIn

users/hchenjtrick_dev/trunk
o We want to make an XY plot where

Jusers/hchenjtrick_devjtrunk o . .
/3::rz/hzh:n/triZk_dZv/trEnkﬂ dyn.cannon.pOS[O] IS the X Varlable-

Jusers/hchenjtrick_dev/trunk/

age

T T 7

Drag dyn.cannon.pos[0] on top of
sys.exec.out.time (Answer Ok to the popup)

T Tr7 =)

(] I [»

Title: | | version: [1.0 | start:[-1.0e20 | stop:[1.0e20 | Freq:[0.0 |
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Creating a DP File

Trick QP

File Vvars Runs Plots Tables Settings Help

tmE UO0AHEEAa O trickes

~Vars ~DP Tree
|—sdyn.cannon.pos[0-1] (m) ~ Plots
M dyn.cannon.pos[0] (m) Paae
[1 dyn.cannon.pos[1] (m) VVV\ Ct
X urve
[Isys.exec.out time (s) 2] dyn cannon.pos[o]
dyn.cannon.pos[1]
Tables
Progranfis
To change the page title
book
1. Click on Page e l | | |
2. Change the Page title to "Planet AnaIyS|s p\( l
3. Click Apply Change button to save the \1 £
change Page |
fusersfhchenftrick_devjtrunkftrick_training/trick_simsy Start [ ]
Jusers/hchenjtrick_devjtrunk/trick_trainingjtrick_simsy
fusers/hchenftrick_devjtrunkftrick_training/trick_sims/ =il [ ]
fusersf/hchenjtrick_devjtrunkjtrick_training/trick_sims/ Frequency [ ]
Foreground [Show Color Chooser ]
Background [ ]
T I T Apply Change ;

Title: [Page | wersion: [1.0 | start: [-1.0E20 Stop: | 1.0E20 Freq: [0.0
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Creating a DP File

Trick QP

~\Vars ~DP Tree

| —dyn.cannon.pos[0-1] (m) < Plots

M dyn.cannon.pos[0] (m) ~ [ Planet Analysis
[J dyn.cannon.pos[1] (m)
[Isys.exec.out.time (s)

dyf.cannon.pos[0]
dyf.cannon.pos[1]

Tables
Programs

~Property Notebdpk

[ | | |
To change a plot title Plot

lot
1. Click on Plot f
2. Change the Plot title to "Planet Trajectories™ (
3. Change Font to DejaVu Sans, Size 10
4. Click Apply Change button to save

[
[
the change [
X Max [
< | [» | ISV Vo S R | [ v
Title: [Page | Version: [1.0 | start:[-1.0E20 | stop:[1.0e20 | Freq:[0.0 |
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Creating a DP file

File Vars Runs Plots Tables

Trick QP

Settings Help

cEE DOAHFBE O trickes

[Isys.exec.out.time (s)

~Vars ~DP Tree
|~dyn.cannon.pos[0-1] (m) ~ Plots
ﬁ dyn.cannon.pos[0] (m) ~ H Page
[J dyn.cannon.pos[1] (m) < [/ Plot

< [ curve

dyn.cannon.pos[0]

Tables
Programs

To change x variable properties

1. Click on the x variable
2. Change its properties

3. Click Apply Change button [.,

to save changes

Pybperty Notebook

_sims//

| sim
| spfs/
Kims/

| sims/

| sims/
| sims/

<1 |

[»

[ | l

l X Var

| sim N

e ——
Label

N m
Bias

Scale

Max

Apply Change

Title: [

8/13/13

] Version: | 1.0

Start: |-1.0e20 Stop: | 1.0e20 Freq: |0.0
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Creating a DP file

Trick QP
File Vars Runs Plots Tables Settings Help

TE=E d0AdHEBER O trickey;

~Vars ~DP Tree
|—dyn.cannon.pos[0-1] (m) ~ Plots
M dyn.cannon.pos[0] (m) v B Page
[J dyn.cannon.pos[1] (m) v /] Plot

< [V curve
dyn.cannon.pos[0]
dyn.cannon.pos[1]
Tables
Progrfms

~Prop%y Notebook

/

Var

[sys.exec.out.time (s)

To change y variable properties| / ...

2. Change properties

ms/r

m Units
1. Click on the y variable py, [

ms/

ms/’

ms/

JUWUUUUU

Scale =
3. Click Apply Change button Mo
to save changes el | symbol styie
Symbol Size
Line Style
1 = | o Line Color -
Title: | | wversion: [1.0 | start:[-1.0e20 | stop:[1.0e20 | Freq:[o0 |
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Creating a DP File

Trick QP

(5l

Planet Analysis

8/13/13

File Vars Runs Plots Tables Settings Help t ick
o rickes;
hmaE Oola ® i
Planet Trajectories
~Vars 1 ~DP Tree
pos[1]
| —dyn.cannon.pos[0-1] §m) < Plots 9
d = 0 DO 0 VEPI 550_:
[J dyn.cannon.pos[1] fm) v 1 ]
[Isys.exec.out.time (s) e 500
Tables 450_:
Progra 400_:
. Property 1
Test Comparison Plot —
’ Y Var
~Runs
. . — 5 . Label
Jusersjhchenjtrick_devjtrunk/trick_trainingjtrick_simsy
Jusers/hchenjtrick_devjtrunk/trick_trainingjtrick_sims/ Units
Jusers/hchenftrick_dewvjtrunk/trick_training/trick_sims/
Jusersjhchenjtrick_devjtrunk/trick_trainingjtrick_simsy Bias
Jusersfhchenjtrick_devjtrunk/trick_trainingjtrick_simsy |
Jusers/hchenftrick_dewvjtrunk/trick_training/trick_sims/ =il
Jusers/hchenjtrick_devjtrunk/trick_trainingjtrick_simsy Max
Jusersjhchenjtrick_devjtrunk/trick_trainingjtrick_simsy
Jusersjhchenjtrick_devjtrunk/trick_trainingjtrick_simsy Symbo
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 711
Symbo 0 100 200 300 400 500 600 F00 800 800 1000 1100 1200 1300
pos[0] (m)
Line St dyn,cannon,pos[1] (m) [RUN_earth] dyn,cannon,pos[1] (m) [RUN_pluto]
4 dyn,cannon,pos[1] {m) [RUN_jupiter] dyn,cannon,pos[1] (m} [RUN_saturn]
dyn,cannon,pos[1] {m) [RUN_mars] dyn,cannon,pos[1] (m) [RUN_uranus]
Line Co dyn.cannon,pos[1] (m) [RUN_mercury] dyn,cannon,pos[1] (m) [RUN_venus]
< m | [ dyn.cannon,pos[1] (m) [RUN_neptunel]
A5 A FH 2@ g
TitIe:[Page ] Version: | 1.0 Start:

~LUCZU T STUpP [ L.UCZY T

Trick Basic Training

e [0 I

120




Creating a DP File

25 Trick QP = |0

Iaa Vars Runs Plots Tables Settings Help
New DP... AN | trkkw

Open DP...
- ~DP Tree
Refresh...

Save...

< Plots
w Ii/Planet Analysis
~ /| Planet Trajectories
< [V] curve
dyn.cannon.pos[0]

Save As...

Save Current DP As

dyn.cannon.pos[1]
Tahlac
" H "
Save As "DP_trajectory
~Runs ~Property Notebook
Jusers/hchenjtrick_dev/trunkjtrick_trainingjtrick_simsy ] : ] ] : ] I
Jusers/hchenjtrick_devjtrunkjtrick_trainingjtrick_simsy
Jusers/hchenjtrick_devjtrunkjtrick_trainingjtrick_simsy i Pl ]
jusers/hchenjtrick_devjtrunkjtrick_training/trick_simsy _ . =
Jusers/hchenjtrick_devjtrunkjtrick_trainingjtrick_simsy Title [Planet Analysis ]
Jusers/hchenjtrick_devjtrunkjtrick_training/trick_simsy Zer [ ]
Jusers/hchenjtrick_devjtrunkjtrick_trainingjtrick_simsy 2
Jusers/hchenjtrick_devjtrunkjtrick_training/trick_simsy Stop [ ]
Jusers/hchenjtrick_devjtrunkjtrick_training/trick_simsy !
Frequency [ ] 3
Foreground [Show Color Chooser ]
Background [ ]
.
<] 1l [ I M

Title:[ ] Version: Start: |-1.0e20 Stop: | 1.0e20 Freq:
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Creating a DP File

Trick DP

Session Sims/Runs Data Product Settings Actions Help

TEE U0AFHBERE B BRI A O trickez:

Sims/Runs Tree DP Tree

P SIM_cannon_L3 <] |[= jusersjhchenjtrick_dewvjtrunkjtrick_trainingjtrick_sims

P SIM_cannon_L4 <~ SIM_cannon_L7

D SIM_cannon_L5S w DP_Product

W SIM_cannon L7 DP cannon xy.xm Add DPs
RUN_earth || FP_trajectory.xm
RUN_jupiter
RUN_mars

RUN_mercury
RUN_neptune
RUN_pluto
RUN_saturn
RUN_uranus
RUN_venus

D SIM_cannon_muilti

D SIM_master_imp_exp

D SIM_master_timer Right click DP_Product and

D SIM_slave_imp_exp

o e ~ __ | Select Refresh and notice
\jusersjhchenjtrick_devjtrunkjtrick_trainingjtrick_sims/sim_ [ 4] DP_trajeCtory-me appears

‘/users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_
‘/users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_
‘/users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_
‘/users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_
‘/users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_
1/users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_ [

G [ D)

Version: [1.0 | Start:[-1.0e20 | Stop:|1.0e20 | Freq: 0.0 |
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Plotting

Trick DP

Session Simsj/Runs Data Product Settings Actions Help

4BdIDA

Sims/Runs Tree

P SIM_cannon_L3
P SIM_cannon_L4
D SIM_cannon_L5S

RUN_earth
RUN_jupiter
RUN_mars
RUN_mercury
RUN_neptune

DP Tree

< & E] B2 xIO trickes;

«] ||+ jusersf/hchenftrick_dev/trunkjtrick_trainingjtrick_sims
~ SIM_cannon_L7
<~ DP_Product

DP_cannon_xy.xml
DP_trajectory.xml

RUN_pluto
RUN_saturn
RUN_uranus

Use icons for single, comparison, and error plots

RUN_venus
D SIM_cannon_multi
D SIM_master_imp_exp
D SIM_master_timer
D sSIM_slave_imp_exp
D SIM_snrina

Run Selections

Version: ‘vl.O ’ Start: [-1.0e20 |

DP Selections

Stop: v1.0e20 Freq: v0.0

8/13/13
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Saving DP Session

Trick DP

m Sims/Runs Data Product Settings Actions Help

New... A L] E &

Open...

ctrl+Q
RUN_earth
RUN_jupiter
RUN_mars
RUN_mercury
RUN_neptune
RUN_pluto
RUN_saturn
RUN_uranus
RUN_venus N
SIM_cannon_multi
SIM_master_imp_exp L
SIM_master_timer
SIM_slave_imp_exp -

I _cnrimes A

vVvvVvvvwv

) v g
DP Tree

[«] ~ Jusersjhchenjtrick_dewvjtrunk/trick_training/trick_sims
~ SIM_cannon_L7

~ DP_Product
DP_cannon_xy.xml
DP_trajectory.xml

Run Selections DP Selections

tricke;;

Select “DP_trajectory.xml”.
It should then appear in DP
Selections box below.

jusers/hchen/trick_dewv/trunkjtrick_training/tri

jusers/hchen/trick_dewv/trunkjtrick_training/tri Save the SeSSion as "SeSSion_trajeCtory"

nc

jusers/hchen/trick_dev/trunkjtrick_training/trice—srmr=romr—
jusers/hchen/trick_dewv/trunkjtrick_trainingjtrick_sims/SiM_|
jusers/hchenytrick_dev/trunk/trick_training/trick_sims/SiM_|
jusers/hchen/trick_dewv/trunkjtrick_trainingjtrick_sims/SIiM_|
jusers/hchen/trick_dewv/trunkjtrick_trainingjtrick_sims/SiM_| -

[«] I D [«]

[»]

version: 1.0 | Start: [-1.0e20 | Stop:[1.0e20 | Freq:[0.0
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Command Line Data Products

* Plotting from the command line

Plotting from the command line

(Session_trajectory.xml is saved by default in you SIM_ directory)

% fxplot Session_trajectory.xml (fxplot uses enhanced Fermi-lab X-widget)
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Data Recording

« How do you set up the sim data used by Data Products?
— Create a data recording file using data recording editor (dre)

— You need to be in the directory that contains the S_sie.resource file
created by CP in order to launch dre successfully

% cd $HOME/trick_SimS/SIM_Cannon_example <if your not already in this directory>
dre

o®
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Data Recording

Set recording format
(DR_Binary, Dr_ASCII, &
= — DR_HDF5), frequency
Click on hierarchy in | =" == T—— (DR_Always,
left window to find ' - —ML DR_Changes, and
variables to record  [fror DR_Step_Changes),
> tnck-omearge buffering(DR_Buffer,
E iy DR_No_Buffer,
triaia_\l{Zcor D R R i B ff
Double click variables [} =% Opt_iorllr;g_ uffer) under
on left adds to the b iterares
references in right Eﬂ%ttglp :
Selected Variables -

Give this recording
group a name and the
cycle time to record

window

Double click "dyn" or
single click the node

) In DR Name put
icon

‘Expand AII‘ Find : ‘ ‘ [] case sensitive "my_CannOn"
Change DR Cycle to
"0.01"
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Data Recording

vatajReécording Edir~=~

DR Name: |my_cannon

] DR Cycle: tﬂ’Ck’;ﬂ

Click "File" & "Save"
or save button

b trick_mm
P trick_cmd_args

Select "cannon”

Select "pos[2]”

P message

D trick_ip

P trick_vs

D data_record
master_slave
PXeal_time

Selected Variables

dyn.cannon.pos[0]

dyn.cannon.pos[1]

Save as cannon.dr in
directory
Modified data/

Save FiI-

8/13/13

\> iNstruments
New Folder
Jusers/hchenytrick_dev/trunjgfrick training/trick_glms/FIM_cannon L7 | ¥
" | e tramngrc s cammon 171 <]
pos0[2] [Folders /| [Files / ]
velo[2] J B B
cc0[2] Wi
s[2] DP_Product =
vel[2] Modified_détay -
acc[2] RUN_earth/
init_speled 23E_ir:l;i::/r/
init_angle - || ||
brf g RUN_mercury/ v =
impact Selection: /users/hchen/trick_dev/trunk/'ick_trainingrt ick_sims/SIM_cannon_L7
P my_integ[0] [ [ 4 ]
P dyn_integloop |
Filter:
y
Expand All| Find : [ dr file [~
[ ¥ cancel [49 gkl
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Data Recording

Data Recording Editor

= d DR Name: ‘:my_cannon | DR Cycle: |:0.01 triCkw
Selected Variables
b trick rmm dyn.cannon.pos[0]
b trick:cmd_args dyn.cannon.posil
P message
D trick_ip
D trick_vs global DR _GROUP_ID
P data_record global drg
P master_slave oz
D real_time y: .
b instruments if DR_GROUP_ID >= 0:
P utest DR GROUP ID += 1
v dyn except NameError:
v CaSQ:Q[Z] DR_GROUP_ID = 0
velo[2] drg = []
acc0[2]
pos(2] drg.append (trick.DRBinary ("my_cannon"))
\;i|c[[22]] drg[DR_GROUP_ID].set freq(trick.DR Always)
init_speed drg[DR_GROUP_ID].set cycle(0.01)
init_angle drg[DR_GROUP_ID].set single prec_only(False)
borf drg[DR_GROUP_ID] .add variable("dyn.cannon.pos[0]")
b m;miﬁf:;[o] drg[DR_GROUP_ID].add variable("dyn.cannon.pos[1]")
b dyn_iﬁtegloop trick.add data record group(drg[DR_GROUP_ID], trick.DR Buffer)
—— drg[DR GROUP ID] .enable ()
’Expand AIII Find : — -
E— |
- , n
[ see Trick User’s Guide § 7.8 ]
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Data Recording

% vi RUN test/input.py <edit as below and save>

execfile ("Modified data/cannon.dr")

execfile ("Modified data/realtime.py")

dyn integloop.getIntegrator (trick.Runge Kutta 4, 4)
my event = trick.new_event ("impact")
my event.set cycle(0.01)

my event.condition(0,"""trick.exec get sim time() > 1.0 and \
dyn.cannon.pos[1l] <= 0.0""")
my event.action(0,"""print 'impact time: %f X-position: %s Y-position: %s' \
% (trick.exec _get sim time(), dyn.cannon.pos[0], \
dyn.cannon.pos[1])""")

trick.add event (my_ event)
my event.activate()

trick.stop(5.2)

% ./S_main*exe RUN test/input.py &
% trick dp &
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Data Recording

 Double Click SIM_cannon_example in the Sims/Runs window
 Double click RUN_test [ Trick DP

Session  Sims/Runs Data Product ~ Settings Actions Help

* Push the Quick Plot buttg]ﬂﬁ.ﬁ.ﬂm BEE AP trickeg

Sims/Runs Tree DP Tree
< [users/hchenjtrick_devjtrunkjtrick_training/trick_sims [« = Jusers/hchenjtrick_dev/trunkftrick_training/trick_sims
P siM_Ball++_L1 ¥ SIM_cannon_example
P SIM_ball_L1 ¥ DP_Product
b SiM_ball_L2 DP_rt_frame.xml
b SiM_ball_L3 DP_rt_timeline.xml
P SIM_cannon_copy DP_rt_timeline_init
¥ SIM_cannon_example DP_rt_timeline_init.xml
DP_rt_trickjobs
P SIM_cannon_L3 DP_rt_trickjobs.xml

P SIM_cannon_L5 DP_rt_userjobs.xml
P SIM_cannon_L7

P SIM_cannon_multi

P SIM_master_imp_exp
P SIM_master_timer L
P SIM_slave_imp_exp
P SIM_spring

b _cIim enring £77

b SIM_cannon:L/l DP_rt_userjobs

(eI

Run Selections DP Selections

Jusersfhchenjtrick_dev/trunkjtrick_training/trick_sims/SIM_car

Kl [ []

Version:|§| Start:‘-l.Oe20 | Stop:‘l.OeZO | Freq:|0.0
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Data Recording

Double Click dyn.cannon.pos[1] (m) — note, right-click to expand

Push the Single Plot b

[sys.exec.out.time (s)

Runs

Jusers/hchenftrick_dewvjtrunkjtrick_training/trick_sims/!

€1 [ [v]

utton

Trick QP

File Vars Runs® Plots Tables Settings Help
= 3 DI AFHBAE O
Vars DP Tree
|—~dyn.cannon.pos[0-1] (m) < Plots
[ dyn.cannon.pos[0] (m) v HPage
M dyn.cannon.pos[1] (m) < (/] Plot
! pos[1] < ] curve

sys.exec.out.time
dyn.cannon.pos[1]
Tables
Programs

Property Notebook

I

| Version: (1.0 | start: [-1.0e20 | stop: [1.0e20

tricley;

Plot
pos[1] (/users/hchen/trick_dev/trunk/trick_training/trick_sims/SIM_cannon_example/RUN_test)

32—

30—

28—

26—

24—

22—

20—

18

16

14—

12

' L e e
0.5 1 1.5 2 2,5 3 3.5 4 4.5

time (s)

dyn,cannon,pos[1] {(m) [RUN_test]

N I I =]

Freq: [0.0 I

8/13/13

Trick Basic Training

132




Data Recording Formats

« When Trick sims log data they can use 3 recording formats
— DRBinary format (the default) --> <filename>.trk

— DRAscii --> <filename>.csv
— DRHDFS5, readable by Matlab --> <filename>.h5

 Logged data files are placed in the RUN directory

 Use DRAscii or DRHDF5 recording to export Trick data to other
programs

« Trick data products can read data from
— Trick native formats: Trick Binary, CSV, HDF5
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End of Day 1

* You have made it through the Basic Tutorial Class!

« User Guide
— cd $TRICK_HOME/docs
— firefox index.html

 The Source and Include files can be found on the CD
— root/trick_models/copies/gravity/include
— root/trick_models/copies/gravity/src

 The simulation files can be found on the CD
— root/trick_sims/SIM_cannon_copy/*

« Trick Website
— http:/ltrick.jsc.nasa.gov/
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