Embedded Systems / Model-Based Design

Written exam – June 13th 2011

Select two of the following three sets of questions and provide the associated deliverables 

Q1.

1. Define SysML stereotypes for the concepts of Periodic Task (executed on a priority-based OS) and Shared Resource in a SysML Profile Package in Topcased.

2. Define a SysML model (with the appropriate diagrams) in which three periodic tasks with different priorities and periods declare the use of the shared resource

3. Write an Acceleo script that generates the OIL declaration for the resource and the tasks and declares the use of the resource by the tasks (see attached examples of generation scripts and OIL file)

Deliver: the models and the Acceleo templates and scripts.

Q2.
1. Given the following description of the priority ceiling protocol

“In a priority ceiling protocol, each resource is assigned a ceiling equal to the highest priority of any task using it. At any time, a system ceiling is defined as the highest ceiling of any resource currently in use (locked). When a task wants to lock a resource, it can only do so if its priority is higher than the system ceiling. When a task locks a resource, it executes at its ceiling level”
Using Uppaal, define a model of three tasks using a resource protected by a priority ceiling algorithm. Show that the algorithm prevents the deadlock by writing a Uppaal property and verify it using the Uppaal model checker.
Deliver: the Uppaal models and queries.

Q3.
Given the following model of communicating FSMs, 

1. Provide an implementation in the C language

2. Define a set of input test vectors that guarantee state and transition coverage.
3. Program a subset of these tests using the CTest environment

[image: image1]
Deliver: the C-code of the implementation, the list of the test vectors, the CTest testing code. The testing report
Acceleo script example (OIL task declarations as shown in class)

[comment encoding = UTF-8 /]
[module generateSysMLSimulink('http://www.topcased.org/2.0/sysML','http://www.eclipse.org/uml2/3.0.0/UML')/]
[template public generateSysMLSimulink(m : uml::Model)]

[comment @main /]

[generateOIL (m)/]
[/template]
[template public generateOIL(m : uml::Model)]

[file ('conf.oil', false, 'UTF-8')]
CPU mySystem {
    OS myOs {
        CFLAGS = "-I'C:\MBD\mbd_retis\inc'";         
        EE_OPT = "DEBUG";
        CPU_DATA = PIC30 { 
            /* Main and tasks */
            APP_SRC = "main.c";
            APP_SRC = "retis_model.c";
            /* Generated Subsystems */            

    
[for (p : uml::Package | m.ownedElement)] 

      

[if (p.name='Functional')]






[generateOILSubsystems(p)/]


    
[/if]



[/for]
            /* RETIS library sources */

    
[for (p : uml::Package | m.ownedElement)] 
    
  

[if (p.name='Physical')]






[generateOILDevices(p)/]


    
[/if]



[/for]
        };
        MCU_DATA = PIC30 { 
            MODEL = PIC33FJ256MC710;
        };
       BOARD_DATA = EE_FLEX {
            USELEDS = TRUE;
            TYPE = DEMO {
                OPTIONS = ALL;
            };
        };
        KERNEL_TYPE = FP;
    };
    COUNTER RETIS_MODEL_TASK_COUNTER;    
    /* TASK Declarations */
    
[for (p : uml::Package | m.ownedElement)] 
      

[if (p.name='Mapping')]





[generateOILTasks(p)/]


    [/if]


[/for]
};
 [/file]
[/template]
[template public generateOILSubsystems(p : uml::Package)]

[for (b : sysml::Block | p.ownedElement   )]


[if (b.hasStereotype('SimulinkSubsystem'))]
APP_SRC = "[b.name/].c";


[/if]

[/for]
[/template]
[template public generateOILDevices(p : uml::Package)]
[if (p.hasSubBlockStereotype('Button'))]
  APP_SRC = "$(shell cygpath -u 'C:\MBD\mbd_retis')/arch/dspic_flex_demoboard/retis_button.c";
[/if]
[if (p.hasSubBlockStereotype('LCD2x16'))]
  APP_SRC = "$(shell cygpath -u 'C:\MBD\mbd_retis')/arch/dspic_flex_demoboard/retis_lcd2x16.c";
[/if]
[/template]
[template public generateOILTasks(p : uml::Package)]

[for (b : sysml::Block | p.ownedElement   )]


[if (b.hasStereotype('PeriodicTask'))]
    TASK [b.name/] {
        PRIORITY = [b.getStereotypeValue('ErikaFlex::PeriodicTask','Priority')/];
        STACK = SHARED;
        SCHEDULE = FULL;
    };
    ALARM ALARM_[b.name/] {
        COUNTER = "RETIS_MODEL_TASK_COUNTER";
        ACTION = ACTIVATETASK { TASK =  "[b.name/]"; };
        AUTOSTART = TRUE { ALARMTIME = 0; CYCLETIME = [b.getStereotypeValue('ErikaFlex::PeriodicTask','Period')/]; };
    };


[/if]

[/for]
[/template]
[query public hasStereotype( e : uml::Element, value : String) : Boolean =
  not e.getAppliedStereotypes()->select(e : uml::Stereotype  | e.name = value)->isEmpty()
/]
[comment 
e.getValue(e.getAppliedStereotype(st_name), propertyname)->flatten() /]
[query public getStereotypeValue(e : uml::Element, st_name : String, propertyname : String) : String =

e.getValue(e.getAppliedStereotype(st_name), propertyname)
/]
[query public hasSubBlockStereotype( p : uml::Package, value : String) : Boolean =

p.allOwnedElements()->exists(e : uml::Element  | e.hasStereotype(value))
/]
Example of OIL with resources (from the ERIKA examples)
/* ###*B*###
 * ERIKA Enterprise - a tiny RTOS for small microcontrollers
 *
 * Copyright (C) 2002-2008  Evidence Srl
 *
 * This file is part of ERIKA Enterprise.
 *
 * ERIKA Enterprise is free software; you can redistribute it
 * and/or modify it under the terms of the GNU General Public License
 * version 2 as published by the Free Software Foundation, 
 * (with a special exception described below).
 *
 * Linking this code statically or dynamically with other modules is
 * making a combined work based on this code.  Thus, the terms and
 * conditions of the GNU General Public License cover the whole
 * combination.
 *
 * As a special exception, the copyright holders of this library give you
 * permission to link this code with independent modules to produce an
 * executable, regardless of the license terms of these independent
 * modules, and to copy and distribute the resulting executable under
 * terms of your choice, provided that you also meet, for each linked
 * independent module, the terms and conditions of the license of that
 * module.  An independent module is a module which is not derived from
 * or based on this library.  If you modify this code, you may extend
 * this exception to your version of the code, but you are not
 * obligated to do so.  If you do not wish to do so, delete this
 * exception statement from your version.
 *
 * ERIKA Enterprise is distributed in the hope that it will be
 * useful, but WITHOUT ANY WARRANTY; without even the implied warranty
 * of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
 * GNU General Public License version 2 for more details.
 *
 * You should have received a copy of the GNU General Public License
 * version 2 along with ERIKA Enterprise; if not, write to the
 * Free Software Foundation, Inc., 51 Franklin Street, Fifth Floor,
 * Boston, MA 02110-1301 USA.
 * ###*E*### */
CPU test_application {

OS EE {


EE_OPT = "DEBUG";


CPU_DATA = PIC30 {



APP_SRC = "code.c";



MULTI_STACK = FALSE;



ICD2 = TRUE;


};


MCU_DATA = PIC30 {



MODEL = PIC33FJ256MC710;


};


BOARD_DATA = EE_FLEX {



TYPE = DEMO {




OPTIONS = ALL;



};


};


STATUS = EXTENDED;


STARTUPHOOK = FALSE;


ERRORHOOK = FALSE;


SHUTDOWNHOOK = FALSE;


PRETASKHOOK = FALSE;


POSTTASKHOOK = FALSE;


USEGETSERVICEID = FALSE;


USEPARAMETERACCESS = FALSE;


USERESSCHEDULER = FALSE;
        KERNEL_TYPE = BCC1;
//

ORTI_SECTIONS = ALL;
    };
    APPMODE ModeIncrement;
    APPMODE ModeDecrement;
    TASK LowTask {


PRIORITY = 0x01;


ACTIVATION = 1;


SCHEDULE = FULL;


AUTOSTART = FALSE;


STACK = SHARED;


RESOURCE = "Resource";
    };
    TASK HighTask {


PRIORITY = 0x02;


ACTIVATION = 1;


SCHEDULE = FULL;


AUTOSTART = TRUE { APPMODE="ModeIncrement"; };



STACK = SHARED;


RESOURCE = "Resource";
    };
    RESOURCE Resource { RESOURCEPROPERTY = STANDARD; };
};
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