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� " ���%��� ��� ��# D YE�CFª 
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�fj | W�j | V r V�\igoakehX1jol·\ S V��ZgCs@jo\ S V | X�u�jolE\ | joececV | X¸g | V�XqsElE\ S V.Xqak¡.V r �b\ S V | V.g r V | acX | V�¢£V |q| V r \qj D Ym�CFª 
9 \qjbjoe&ahX�gC�Pg"acecgo�fekVm�Uu�goekecV r +.-�/ L.Z -=�U� S acu S akW�nfecV�W�V.lm\�X_\ S ahX���ak\ S r V.u�acXqakjml r acgo� | g"W D�] �@F�\qV;u S lfah§EdfV.X_\tsbnfahu�goe

j"¢�W�j r V.e�¤°u S V.u�³baclf�� _`bjoW�V�acl�Xz\ | d�u¦\iakjml�X+d�XzV r acl0\ S V | V�W[g"acl r V | g | Vo´�� �������0¬ | V;XznU �� � ��� ���b®1� S ahu S r V;Xzac�ol�g"\qV;X
\ S V�XqV�\_j"¢}Xz\igP\iV.X+� S V | V�g)n | V r ahu�g"\qV�ahX+\ | dfV·¬ | V;XznU �¢­g"ehXzVC®¦��g"l r
	 	 ���
���
� ��� � | V.XqnU  	 � � � ��� ����� ���b\ S V�Xqsblm\ S V.XqahX
jon
V | gP\iakjml�X_¢£j | jm�p~tV.u�\qac�oV;X�j"¢1aklb�Pg | acgol�u�Vm� | V.XqnU  | V;gou S go�facekak\tso  R1S V | V.Xqdfek\�j"¢�XzsblE\ S V;XzahX�jmn�V | g"\qacjol�X_ahX�g r V.u�acXqacjolr ahg"� | goW4�«u S g | gmu¦\qV | ac¡�aclf�[\ S V�u�jol�Xt\ | goaklE\iX�jolLu�jolE\ | jmekehg"�fecV�V.�oV�lE\�X�lfV;u�V;XqXig | s)¢£j | \ S V�n | jmn�V | \ts4\ij·�
V�XigP\iacXz±�V r ¬£ak¢
n
jmXiXzac�fecV;®¦ 

simulator
interactive

SIGNAL SIGALI

simulation env.

system model

objectives

controllerSIGNAL

�*ac�od | V��f´ R1S V +.-�/*0 LRZ 
 +.-�/ LRZ -�V.lE�ba | jmlfW�V�lE\. 
`bn
V.u�a�±�u.gP\iakjmlU�fXzsblE\ S V.XqacX.�pg"l r XzacW�d�ecg"\qacjol4akl·\ S V%+ -�/ 0 L.Z 
 +.-�/ L.Z -«V.lb�Ea | jolfW�V�lE\1�ojbV.X1gmXZX S jP��l4akl��*ak�� f�xD Y �@F= 

;ª\�aklb�ojmek�mV.X�\ S V)W�j r V.ekaclf�µjo¢6\ S V·XqsbXz\qV.W akl3goekeZak\iX�n�jEXqXqac�fekV·��V S gC�bakj | X)¬ r V;Xza | go�fecV·goX��¸V.eke1goX�dfl r V;Xza | g"�fecVo��a=  Vm k�
\ S jmXqV �." � | V.Xqn�V;u¦\iaklf�)n | jmn�V | \iakV;Xi®6g"l r \ S V�Xqn�V;u�ak±�u�g"\qacjol¨jo¢�n | jmn�V | \iakV;X6g"l r jo�p~tV;u¦\iak�mV.X�¬­aklb�Pg | acgol�u�Vm� | V.gmu S g"��akeca�\tsm�
gP\q\ | gou�\qac�Eak\tsf®¦  R1S V�n | jmn�V | \iakV;X+gol r jo�f~tV.u¦\iak�mV.X_u�gol0��V�V�vpn | V.XiXqV r acl +.-�/*0 LRZ ¬­gmu¦\qd�g"eceks +.-�/*0 LRZ ���
� S V | V�u.g"ece(\ij
+.-�/ LRZ -*¢£dfl�u�\qacjol�goekak\qacV.X�u�golµ�
V�akl�XqV | \qV r ®¦��� S acu S V.goXqV.X�\ S V�a | Xqn
V.u�ak±�u.gP\qacjol(´6\ S V�sµu.g"l0�
V[Xt\�gP\qV r aclµ\iV | W[X+jo¢�\ S V
�Pg | acgo�fecV.X�gol r V.�oV�lE\�X6d�XqV r akl¨\ S V�XzspXz\qV�W W�j r V�e=  R1S V,+.-�/*0 LRZ u�jmW�nfakecV | acX�\ S V�lµd�XzV r \qj·n | j r d�u�V�g@\ | g"l�Xqak\qacjol
XqsbXz\qV.W �oac�oV�l�goX�aklfn�dp\�\ij +.-�/ LRZ -=��dfn
jol�� S acu S r acXiu | V�\iV·u�jolE\ | joeZXzsblE\ S V;XzahX�acX�n�V | ¢£j | W�V r g"dp\ijoW[gP\iacu.g"eceksm  R1S V| V.Xqdfe�\iakl���u�jolE\ | joecekV | ahX1n | j r d�u�V r acl�g�¢£j | W \ S gP\�ahX | V;u�jm�olfac¡�V r �bs)g��mV�lfV | ahu+V��Pg"ecd�gP\ij | �b� S acu S u�gol·�
V�aklE\qV.� | gP\iV r
��ak\ S g"l¨gonfnfecacu.gP\qacjolf¤ªXqn�V;u�ak±�u�� | g"n S acu.g"e�XqakW�dfecg"\qacjol�V�lb�ba | jmlfW�V�lE\.  R1S V%+.-�/*0 LRZ u�joW�nfacekV | acX6d�XzV r jol�u�V�g"�mgoakl4¢£j |
\ S V�n | j r d�u¦\qacjol4j"¢�g"l4aclm\iV | gou�\qac�oV�� | g"n S acu.g"e�XzacW�d�ecg"\qj | aclE\qV�� | g"\qaclf��W�j r V.e(g"l r u�jolE\ | joecekV |  

� j r ak¢£sbaklf��\ S V@Xqn�V;u�ak±�u�g"\qacjol g"l r jm�p\igoaklfaclf�¨g�lfV.� u�jolE\ | joecekV | u�g"l �
V r jol�V@g"dp\ijoW[gP\iacu.g"eceksm�U�bs | dflflfaclf��\ S V
Xig"W�V�jon
V | gP\iakjml�X�����a�\ S jodf\ S gC�bakl���\qj | V�¤ªV�vfg"W�aclfV�\ S V�� S joecV�u�jolE\ | joecekV | W[g"lbd�g"ececso  R1S V | V.Xqdfek\�j"¢&±�l�goe�Xqsblm\ S V.XqahX
ahX�\ S V�W�g"vpakW[g"ececs4n
V | W�acXiXqak�mV�u�jmlE\ | joecekV | � S ahu S ��� S V.l | dflflfaclf�4akl¶n�g | g"ecekV.e(��ak\ S \ S V�XqsbXz\qV.W���sEacV�e r X�\ S V r V;Xza | V r
�
V S gC�bacj |   R1S ahX¸W�V;g"l�X}\ S V | V+u�gol | V.W[g"acl)g�ecV��mV�e
j"¢Uacl r V�\iV | W�akl�g"\qacjol@��  |   \; �\ S V+gmu¦\iakjml[\qj�\ig"³mV�acl | V.Xqn�jml�XzV6\qj�gol
aclfnfdp\;���mak�mV�l0g"l�aclE\qV | l�goe�Xz\igP\iVo  7 lfV�gol�Xq�¸V | acX6\qj[\�g"³oV�g"l0g | �fak\ | g | s)Xqjoecdp\qacjol�acl¨\ S V�XzV�\�j"¢�u�j |q| V.u�\�u�jmlm\ | jmecX. <9
ecV.XiX�g | �fak\ | g | s)jmlfV�ahX�\qj·�oac�oV�jmnp\qacW�ak¡;gP\iakjml0u | a�\iV | acg¨¬­Vo  �� c�«u�jmXz\iX�jo¢}Xt\�gP\iV.X�\ | gC�mV | XzV r �fj | \ | g"l�Xzak\qacjol�X6\igo³oV�l  c c  ®·\ij
�
V�W�aclfacW�ak¡.V r D Ym�CFª &9�lfj"\ S V | jmlfV�acX�\qj[jyu«V | gol�aklE\qV | gmu¦\iak�mV r V�\qV | W�acl�gP\iakjml�V�vpV.u�dp\qacjol�Xqu S V�W�Vo�f� S V | V�\ S V�u S jmacu�V
�
V�\t�ZV�V�l¨goeke«\ S V�g r W�ahXqXqac�fekV�u�jolE\ | joehXZacX��mak�mV�l)\qj@g�d�XqV | D Y��@Fª 

� �  "�����,��� �����  "���$/0����#�����%*�2#�����%*����	3��'·��%�5��6�&���$��� ��� �¶��%&��#��
7 d | �ojEg"eZacX�\ijLn | jmn�jEXzV4g0¢ | g"W�V��Zj | ³ � S V | V r acXiu | V�\iV4u�jolE\ | joececV | XqsblE\ S V;XzahX�acX�g"n�nfekacV r \qj | jo�
j"\qahu4g"l r u�jolE\ | jme
XqsbXz\qV.W[X@n | jo� | goW�W�aclf��  R1S V | V�¢£j | Vo�1\ S acX4g"n�nfekahu�g"\qacjol S gmX[\ij ��VLn
V | ¢£j | W�V r jolwW�j r V�ehX | V.n | V;XzV.lE\qaclf� V�lE\qak\qacV.X
u�d |q| V�lE\qecsLW�golfacnfdfehgP\qV r acl \ S ahX r joW[goaklU  ;ª\ S gmX�\ijµ�
V)aclm\iV�� | g"\qV r acl�g0n | jm� | g"W�W�akl��¨V�lb�ba | jolfW�V.lm\�akl3gµd�XqV | ¤
¢ | akV.l r ecso�¸XqspXt\iV�W[gP\iacuo�}g"df\qjoW[g"\qV r �ZgCsm��a=  Vm k�}\tsEn�acu.g"eceksm��� S ahu S r jbV.X�l�j"\ | V;§md�a | V@\ S V�d�XzV | \qj ��V�g Xzn
V.u�acgoekahXz\�aclr ahXqu | V�\qV@u�jolE\ | joe}XqsblE\ S V;XzahX�W�V�\ S j r X�j | W�j r V.e�¤°u S V;u�³Eaclf�4\qjbjmecX. 4�*ac�od | V¨].��acecekd�Xz\ | gP\iV.X�\ S V@n
jmXqa�\iakjml j"¢1\ S ahX�l�V��
¢£dfl�u�\qacjol�goekak\ts | V�ehgP\iak�mV�ecs�\qj�\ S V�j"\ S V | �pW�j | V�u�ecgmXqXqacu.g"e«jol�V.X.´

> u�j r V0�mV�lfV | g"\qacjol ¢ | jmW2\�goXq³pX0¬­g"\·ecjP�1¤=ecV��mV�e=�ZV.l r ecV.XiX@ecjbjon�®���W�j r V.e+�mV�lfV | g"\qacjol ¢ | joW \igoXq³pX@g"l r W�ahXiXzacjolU�
n | jmn�V | \iakV;XZ�oV�l�V | gP\qacjolL¬£Vm  �� k�facl4\qV.W�n
j | g"e�ecjo�macu.X¸¢ | jmW g r V r acu.gP\qV r �fXqn�V;u�ahg"ecak¡.V r d�XqV | aclm\iV | ¢­gou�V;®�?

> �oV | ak±�u�g"\qacjol)jo¢(\ S V�n | jon
V | \qacV.X.�pd�Xzaclf��Vo  �� �W�j r V.e�¤°u S V.u�³baclf��?
> V�vpV.u�dp\igo�fekV�u�j r V_�mV�lfV | g"\qacjolU�becakl�³oV r ��ak\ S�| V.g"ek¤=\qacW�V�jmn�V | g"\qaclf��XqspXt\iV�W Xzdfn�n�j | \; 
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automaton

verification diagnostic

domain-specific languages

missiontasks properties

code generation

executable controller

compiler
(synchronous)

formal tool

��ac�od | V�].��´ ��ahXqu | V�\qV�u�jmlE\ | joeUXqsElE\ S V.XqacX1acl4\ S V�n | jo� | goW�W�aclf��V�lb�ba | jol�W�V.lE\. 

;°l4jod | gonfn | jmgou S �EaclE\qV.� | gP\qaclf� r ahXqu | V�\qV�u�jmlm\ | jmeUXzsblE\ S V.XqacXZacl·\ S ahX1¢ | goW�V��Zj | ³[aklb�ojmek�mV.X1Xqn�V;u�ak±�u�§md�V.Xz\qacjol�X1jo¢t´
> Xzn
V.u�a�±�u.gP\iakjmlU´

� W�j r V�ecakl���\ S V�n | jpu�V.XiX.�pa¥  Vo &\ S V�XzV�\�j"¢�u�jolE\ | jme�\�goXq³pX��pn
jmXiXzac�fecs@n�g | \iacgoekecs@XzV;§EdfV�l�u�V r aklE\ij@g�W�ahXqXqacjolU�fgmX
n | V r V�±�lfV r Xz\ | d�u�\qd | V.X �qakl�Xz\ | dfW�V�lE\iV r 	�j | �zV.§Edfacnfn
V r 	���ak\ S \ S V6d�XqV�¢£dfe�u�jolE\ | jmekehg"�fecV1V��mV�lE\iX.�"lfV;u�V.XiXig | s
¢£j | gonfn | jon | ahgP\qV_jo�f~tV.u¦\iak�mV.XZ\ij��
V�u�jmlE\ | joececgo�fekV,?

� ¢£j | W�d�ecg"\qaclf�[\ S V�jm�p~tV.u�\qac�oV.X.�
n�jEXqXqak��eks r V�±�lfakl��·g)Xqn
V.u�ahg"ecac¡�V r ecgolf�od�go�oVm��acl¨\qV | W[X+j"¢�\ S V�V�lE\ia�\iakV;X+W[g"¤
lfacnfdfehgP\iV r �bs[\ S V�d�XzV |�| g"\ S V | \ S gol4aclE\ | akl�Xzahu+\qj�\ S V�W�j r V.e¥�fVm  �� �u�jmlm\ | jme«V��oV.lE\iX1j"¢�\ S V�u�jolE\ | joe«\�goXq³pX��

> nfecgmu�aclf�1\ S V}V�vpV;u�dp\iakjml�j"¢p\ S V+¬£n
jmXiXqak�fecs_aklE\qV | gmu¦\iak�mV;®«u�jmlE\ | joecekV | ��a�\ S acl�\ S VZu�jmlm\ | jmeog | u S ak\qV;u¦\qd | V6¬£¢£j | V�vfg"W�nfecV
akl·\ S V H*J%K%K2LRM g | u S ak\qV.u�\qd | Vo�pn�ecgmu�aclf��a�\�goW�jmlf��\ S V�jo\ S V | \igoXq³pX�g"l r acl4aclE\qV | gmu¦\qacjol4��ak\ S \ S V.W@®�?

> d�XzV1jo¢�\ S V�W�V�\ S j r Vm  �� k� S jP�3ak\ r jbV.X�u�jml�Xz\qak\qdp\iV6g�¢£j | WGj"¢
\qV�ecV�jmn�V | g"\qacjol | jm��jo\qahu�X.�"akl�\ S V�ekjm�oahu�goe r akW�V�l�XzacjolU�
� S V | V)¢ | joW \ S V0Xqn�V;u�ak±�u�g"\qacjol j"¢�ekjm�oahu�goe r V�� | V�V;X�j"¢�¢ | V�V r joW2ekV�¢ \[\qjL\ S V¨jmn�V | g"\qj | �}g u�jolE\ | joecekV | u�g"l �
V
jo�p\�g"aclfV r \ S g"\�Xzd�n�V | �bahXzV;XZgol r�r ahXqgo�fekV;XZ\ | g"l�Xqak\qacjol�XZj | \ | g"~tV.u�\qj | acV.X1u�jml�Xza r V | V r·r golf�oV | jmd�X. 

;°l�\ S V6¢£joececjP��aklf���"�ZV6�oac�oV6g�n | V;XzV.lm\�gP\iakjml�jo¢«jmd | n | V.ekacW�akl�g | s�¢ | goW�V��Zj | ³�V�vpnfecj | akl��+\ S V.XqV6ahXqXqdfV;X��bg"ehXzj�W�V�lE\iakjmlfakl��
n
jmXiXzac�fecV r V��mV�ecjonfW�V�lE\�XUg"l r n
V | Xzn
V.u�\qac�oV;X�  R1S acXUn | V;XzV.lE\igP\iakjml�acX�W[g r V�acl r V�n
V�l r V�lE\qecs_j"¢pg�n�g | \qahu�d�ecg | \qjbjoeoXqdfnfn
j | \@?
jol�V_n
jmXiXqak�fecV�u�jml�u | V�\iV_acW�nfecV�W�V�lE\ig"\qacjol���acekeU�
V�n | V.u�acXqV r ¢£d | \ S V | akl¨XqV.u¦\iakjml4�� 
�<��� ��
��.#Y�e	�+������/���Rn��Yf��e����) ����" �����4�R#Q ��if��R)
�^5��Q5�� � º B�� �^p ¾ �P�
�U�.� 1 ¿��f�C¿µ�.�f� �U�,5 ;°l�jod | r acXiu | V�\iV�W�j r V�eojo¢b\igoXq³pX(gol r W�acXiXzacjol�X��;�¸V r acXz\qaclf�mdfacX S r a u
V | V.lE\ r ahXqu | V�\qV}u�jolE\ | joeoXz\ig"\qV;X
¢£j | V.gmu S \igmXz³«�pgoXZX S jP��l[akl4��ac�� 
]o]m .;°l�a�\iacgoekecso�pg�\�goXq³�acX�� ! � �� .;ª\Z�mjEV;X�¢ | joW�� ! � ��\qj�� � � � S V.l[\ S V | V�ahXZg | V;§EdfV.Xz\
¬£V.�oV.lm\ ���	�p®�g"l r \ S V�u�jolE\ | jmekecV | gou.u�V�nf\iXZa�\�¬­V��mV�lE\�
 � ®¦�pa=  Vo &\ S V�u�jolE\ | joe«u�jml�Xz\ | g"aclm\�X1g"ecekjP�wak\. �²wak\ S \ S V_aclE\qV.lm\iakjml
j"¢ 	"acl�Xz\igoekecakl�� 	�u�jmlm\ | jmekehg"��akeca�\ts)akl4\ S V�W�j r V�e=��g
� � � � Xz\ig"\qV S gmX���V.V�l¨acl�u�j | n
j | gP\iV r \qj[V�l�g"�fecV�\ S V | V;u�j | r aclf��j"¢�g| V.§EdfV.Xz\}� S V.l�\ S V+gou¦\iak�bak\ts�jo¢Ug"lfjo\ S V | \igmXz³�n | V��oV.lE\iX&\ S V+u�jolE\ | joecekV | ¢ | jmW Xz\ig | \iakl���a�\;  R1S V+u�jmlE\ | joecekV | W�gCs�u S jbjmXqV
\qj�W[g"³mV�ak\�gou�\qac�oV�jol�u�V�\ S V@u�jml r ak\qacjol�X�g | V�¢­gC�oj | go�fekVm  R V | W�acl�g"\qacjolLj"¢Zg)\igmXz³µacX�Xqak�ml�g"ececV r �bs¨\ S V�V��mV�lE\ � � � �� 
¯6l r V | \ S ahX1W�j r V.e¥��jolfecs@\ S V�V��oV.lE\�
 � ahX6gmXqXqdfW�V r \qj��
V � "�� ��� "� � ���� ��?�\ S V�j"\ S V | XZg | V 	 � � "�� ��� "� � ���� �� 

9�X(�¸V���acecemXqV�V�¢£d | \ S V | ¢£j | r V�¢­g"dfek\(\�goXq³bX.�;a�\�u.g"l�goecXqj���V}d�XzV�¢£dfe"\ij�g"ececjP�µ\ S V}u�jmlE\ | joecekV | \qj | V�¢£d�XqV�\ S V�\qV | W�acl�gP\iakjml
j"¢�g�\igmXz³pX�¬­a¥  Vo c��ak\ | V.gou S V r a�\�X��ojEg"e=�p�fdp\�ak\�ahX�³oV.np\�gou�\qac�oV�akl¨j | r V | \qj[W[goaklE\igoakl�ak\iX�jm�p~tV.u�\qac�oVm�fdflE\qace(g"l�j"\ S V | jol�V
u�gol·�
V�Xz\ig | \iV r ®�  7 \ S V | n�jEXqXqak��ekV�V�vb\iV�l�Xqakjml�XZ\qj�\ S ahX�W�j r V�eU�Zjodfe r ��V | V�n | V.XqV�lE\�gP\qacjol·j"¢*\ S V�aclfak\qahg"ecak¡;gP\iakjml4n S goXqV

�R���y�'�������



Idle Wait
req and not go

  Act

goreq and go

stop

�*ak�md | V�]m]o´ R1S V r ahXqu | V�\qV�W�j r V�eUjo¢&g ��� �
�.& ��� &+\�goXq³« 

j | j"¢_W�dfek\qacnfecV�W�j r V;X��}��a�\ S r a u«V | V�lE\�§Ed�goekak\qacV.X�¬­W�j | V4j | ecV.XiX r V�� | g r V r ®�g"l r u�jmW�n�dp\ig"\qacjol�u�jmXz\iX.�&\ S V�d�XqV4j"¢
XqV��oV | goe&�Zgoa�\�X�g"l r 
Pj | j"¢ r a u
V | V.lm\�n
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XqV�\1j"¢(dfl�u�jolE\ | jmekehg"�fecV6�Pg"ecdfV;Xi®��bg�XzV�\Zjo¢�u�jmlE\ | joececgo�fekV�V��oV.lE\iX¸�Cgoekd�V.X}\ S g"\�XigP\iacXz±�V;X�\ S V+jm�p~tV.u�\qac�oVm .;°l)\ S V_n�g | \qahu�d�ecg |
u�gmXzV�� S V | V�ak\6acX�g�¢£dfl�u¦\qacjol(��ak\6dflfah§md�V�ecs r V�±�lfV.X.�p¢ | joW \ S V�akl�nfdp\iX.�f\ S V��
V S gC�bacj | j"¢�\ S V�u�jolE\ | joecekV r XqspXt\iV�W� 
�^5 � 5�� �Rp ��
 �­�p�tp ¾Q1
R1S V6u�jolE\ | joecekV | u�g"l��
V�d�XqV r acl�XqacW�dfehgP\iakjmlU�ogoX}g�\ijbjoep¢£j | V�vpnfecj | akl��+\ S V6u�jmlE\ | joecekV r �
V S gC�bacj | �PVo  �� c�oacl | V.ecg"\qacjol���a�\ S
g6W�j r V.emjo¢p\ S V1XzspXz\qV.W goecXqj6V.l�u�jmW�n�goXiXzaclf��lfjmlp¤ r acXiu | V�\iV}goXqn�V;u¦\�X� *� | joWN\ S ahX�V�vpnfecj | gP\qacjol(�C�ZjbjoecV.gol�g"��Xz\ | gou�\qacjol�XUj"¢
W�j | V�n | jon
V | \qacV.X�u�gol���V r V�±�lfV r �Eakl[j | r V | \qj�� | aclf��g�ecg | �mV | n�g | \�jo¢«\ S V6�
V S gC�Eacj | aclE\qj�\ S V r ahXqu | V�\qV.eks�u�jolE\ | jmekehg"�fecV| V.g"ecW� 
�^5 � 5 � �l3Uº � 
��@p ¾21
R1S V�jm�p\igoaklfV r u�jolE\ | jmekecV | u�gol¨g"ehXzj��
V�V�W��
V r�r V r aclE\qj[g"l�V�vpV;u�dp\iakjml�g | u S a�\iV.u¦\id | Vo�fgoX�g�\�goXq³·u�jolE\ | joe�u�jmW�n�jmlfV�lE\. 
;ª\�u�gol·�
V�W[g r V�g�¢£dfl�u¦\qacjol(�f�bs@Vo  �� c�

> S gC�baklf��g | gol r jmW u S joahu�V�jo¢*g�u�j |q| V.u�\�u�jolE\ | joe�goW�jmlf��\ S V�XqV�\6n | jon
jmXqV r �bs[\ S V | V.ecg"\qacjolU�pj |
> S gC�baklf��g�u S joahu�V�d�Xqaclf�[XzjmW�V�ecjpu�g"e�jmnp\qacW�ak¡;gP\iakjml�u | ak\qV | acjol(�EV.�Pg"ecd�gP\iV r gP\ | dflp¤=\qacW�Vm 

�^5 � 5 � � 1 � º �P�f�"�tp � º¶º43Uº � 
(�tp ¾Q1 �f�[� r ¾ ��� ¾ r��.��r º ¿.p¥�.�o� º � º � º � ºb¾ A º �P�p�@p ¾21
7 lfV�goXqn�V;u¦\[aclm\iV | V.Xz\qaclf�Ld�X�n�g | \qahu�d�ecg | ecso����ak\ S | V.Xqn�V;u¦\�\qj | jo�
j"\qahu�X�goX�jmd | g"nfn�ekahu�g"\qacjol r joW[g"aclU�}ahX�aklE\iV | gou¦\iak�mV
V�vpV;u�dp\iakjml�gmX�g�¢£j | W j"¢UXqg"¢£V r ahXqu | V�\qV1\qV.ekV.jon
V | gP\iakjmlU  R1S V6acXiXqdfV1\qj��
V+u�jol�Xqa r V | V r acX�\ S g"\}aklE\iV | gou¦\iak�mV�XzspXz\qV�W[X.�mgol r
acl)n�g | \iacu�dfecg | \iV�ecV�jmn�V | g"\qV r XzspXz\qV�W[X¸akl·\ S V�a | r ahXiu | V�\qV�goXqn
V.u¦\�X��pg | V+akl�u | V;goXqakl��oecs�u�joW�nfecV�v��b� S acu S � | aklf�EX r a��@u�d�e�\ts
g"l r V |i| j | ¤=n | jol�V�lfV;XqX�l�j"\[jolfecs acl3\ S V�a | r V.Xqak�mlU���fdf\)g"ehXzj¶akl�\ S V.a | jmn�V | g"\qacjolU  R1S V·n | jo��ekV.W acX�\ij¶�
V¨gP\[jol�u�V
aclm\iV | gou�\qac�oV,�
� &�XigP¢£Vo  R1S V�\iV.u S lfah§EdfV.X6n | V;XzV.lE\qV r go��jP�mV S gC�oV�g[n
j"\qV.lE\qahg"e�\ij)u�jml�Xt\ia�\idp\qV�g[¢£j | W j"¢ r ahXqu | V�\qV�¢£j | W
j"¢(\qV�ecV�jmn�V | g"\qacjol | jo�
j"\iacu.X��Eakl)\ S V_ecjo�oahu�goe r akW�V�l�XzacjolU�b� S V | V�¢ | jmW \ S V�Xzn
V.u�a�±
u�gP\iakjml)jo¢Uekjm�oahu�g"e r V.� | V�V.X}j"¢�¢ | V�V r joW
ecV�¢ \�\qjL\ S V4jmn�V | g"\qj | ��gLu�jmlm\ | jmekecV | u�gol3�
V�jo�p\�g"aclfV r \ S g"\�Xqdfn
V | �bacXqV.X�g"l r�r ahXig"�fecV.X�\ | g"l�Xzak\qacjol�X�j | \ | g"~tV.u¦\ij | akV;X
u�jml�Xqa r V | V r·r g"lf�mV | jod�X. 

;°l r V.V r �f\qV�ecV�jmn�V | g"\qacjol�j | \iV�ecV | jo�
j"\iacu.X1acX6u S g | gou¦\iV | ak¡.V r �bs)g¨¬£�Pg | ahg"�fecV;® r V.� | V�V�j"¢&W[g"lbd�goeUaklE\iV | gou¦\iakjml·acl�\ S V
u�jmlE\ | joe}jo¢1\ S V�XzspXz\qV.W4  R1S acX�ahX�W�j"\iak�PgP\iV r �bs Vo  �� c�&jon
V | gP\iakjml�X�¢£j | � S ahu S lfjµgodp\qjmW[gP\qV r u�jmlE\ | joe�ahX�u�d |i| V.lm\ieks
gC�Pg"acecgo�fecVo�pgou�\qac�Eak\qacV.X1aclE\ | akl�Xzahu�goekecs[dflp¤°g"dp\ijoW[gP\�g"�fecVo�pV |q| j | g"l r gmu�u�a r V.lm\1\ | V;gP\qW�V.lm\�W�j r V.X1� S V | V+\ S V�XqsbXz\qV.W S gmX
\qj��
V�� | jodf� S \Z��gmu�³@aclm\ij[g�Xz\ig"\qV�¢ | joW � S acu S g"df\qjoW[g"\qacjol·u.g"l4\igo³oV�jP�oV | �EW�j r a�±
u�gP\iakjml�j | dfn r gP\iV�j"¢&u�jolE\ | jmekecV | X
�bs�W�goaklE\iV�l�gol�u�V_Xt\�gGu&� r avu«V | V�lE\}¢ | joW \ S V r V.Xqak�ml@j | Xzn
V.u�a�±�u.gP\iakjml)Xt\�gGu ¬­gmX¸u.g"l@�
V+��ak\ql�V.XiXzV r akl·W[g"lbdp¢­gou�\qd | aclf�E®� 
9 \tsEn�acu.g"e�V�vfg"W�nfecVµahX@\ S gP\�j"¢�g \qV�ecV�jmn�V | g"\qV r g | \qahu�dfehgP\iV r g | W���u.g |i| sbaclf� g r | aceke�?�\ S V¶jon
V | gP\ij | ahX·W�golbd�g"eceks
u�jmW�W�gol r aclf��\ S V�W�jP�oV.W�V.lE\¸j"¢�\ S V�g | W� *² S V�l�g"nfn | jEgou S aclf��\ S V�ekjpu.gP\qacjol·j"¢U\ S V S joecV+\qj���V r | akececV r �pW�jP�oV.W�V�lE\
u�gol0�
V�u�joW�nfecV�\qV.eks r V�\qV | W�aclfV r W[g"lbd�g"ececso _² S V�l¶akl¶n�jEXzak\qacjol¨\ij r | aceke=� S jP�ZV��oV | ��a�\�ahX_g)d�XqV�¢£dfe�goXiXqacXz\igol�u�V�\ij·�mj
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aclm\ij)g�W�j r V�� S V | V�jmlfeks4W�jP�oV.W�V.lE\�g"ecjolf��\ S V�gPvpahX�j"¢*\ S V r | akeceUahX6W[g"lbd�goekecs·u�jolE\ | joececV r �p\ S V�jo\ S V | ��ecg"\qV | g"e(jolfV;X
�
V�aclf�@u�jmlm\ | jmekecV r g"df\qjoW[g"\qahu�g"ececso  R1S ahX6X S g | V�j"¢*\ S V�u�jolE\ | joe��
V�\t�ZV�V.l�godp\qjmW[gP\qacjol�g"l r jmn�V | g"\qj | r V.u�ahXqakjml�u.g"l��
V
\ | g"l�Xzn
jmXqV r akl4jod | ¢ | goW�V.�¸j | ³« 

;ª¢ S V | V4�ZV0u�jml�Xqa r V | \qV�ecV | jo�
j"\iacu.X�jol�\ S V r acXiu | V�\iV�Xqa r Vo�1u�jml�u�V | lfaclf�LV��mV�lE\iX�\tsbnfahu�g"ececs3Xt\�g | \qaclf� j | Xz\qjmnfnfaclf�
\igmXz³pX.�b\ S V.l�\ S V�aclE\qV | ¢­gmu�V�W�V�lE\qacjolfV r g"�
jP�oV�u�jol�Xt\ia�\idp\qV;X1\ S V�³mV | lfV�e�jo¢&g�u�jolE\ | joecekV | u�joW�aclf�@goX�g�u�joW�nfecV�W�V�lE\ig | s
\qj@\ S V�d�XzV | � X�u�joW�W[g"l r X��
g"l r ³mV�V�n�aklf�@\ S V.W ��ak\ S aklµg)Xqg"¢£V�Xt\�gP\iV�Xzn�gou�Vm �96ek\ S jmdf� S \ S ahX��bahXzacjol¨jo¢*\iV�ecV�jmn�V | g"\qacjol
ahX6lfjo\6d�Xzd�g"e=���ZV�¢£V�V�e(\ S g"\�ak\_u�j |q| V.Xqn
jol r X¸\ij)g | V;g"eca�\tsm��gol r u�jol�Xt\ia�\idp\qV;X�g"l¨gol�Xz�ZV | \qj�\ S V�XzV.V�W�aclf�oecs·u�jol 1�ahu¦\iakl��| V.§Edfa | V.W�V.lE\iXZj"¢�Xqg"¢£V�\ts)gol r aklE\qV | gmu¦\iak�bak\tso R1S ahX_W�V;u S g"l�acXqW[X+u�jodfe r �
V�aclE\qV | V;Xt\iaklf�meks0u�jodfn�ekV r ��ak\ SµS ak� S ¤=ecV��mV�e*ecgolf�od�g"�oV;X6¢£j | \iV�ecV�jmn�V | g"\qacjol D �PYf�U�m�p�U�"�p�
�o�GF=  R1S V | Vm�}g¶ecgolf�od�go�oV@ahX�d�XqV r acl3j | r V | \qj r V�±�l�V4gLXzV;§EdfV�l�u�akl��µj"¢_gou¦\iakjml�X.����a�\ S n
jmXiXzac�facekak\qacV.X�¢£j |�| dflp¤=\qacW�V
W�j r a�±
u�gP\iakjmlU��� S ahu SµS jP�ZV��mV | W�go³oV�a�\�acW�n
jmXiXqak�fecV�\qj4�oV | ak¢£s�u�j |i| V;u¦\ilfV.XiX6j6u�¤ªekaclfVm  � g"³baclf�4Xqd�u S g@ehg"lf�md�g"�mV�\ S V
n | j r d�u�V | jo¢�\igmXz³�gou�\qac�Cg"\qacjol | V.§EdfV;Xt\�X��«Xqdf�fW�a�\q\qV r \ij@\ S V�u�jolE\ | joecekV | ���¸jmdfe r � | aklf�·g@ehgCsoV | akW�n | jP�bakl��[\ S V�XigP¢£V�\ts
j"¢*\ S V��oecjo��goe«XqspXt\iV�W� R1S ahX_��goXqacu�aklE\iV | gou¦\iak�mV�V�vbV;u�dp\iakjml¶Xiu S V�W�V S goX�\qj4�
V�acl�Xz\ | dfW�V�lE\qV r ¬­Vo  �� c����a�\ S goecg | W[X�gol r �1g | lfaclf�mX�\qj·\ S V
jon
V | gP\ij | ®�gol r nfdf\�aclE\qjLg | dflp¤=\qacW�V·V�vbV;u�dp\iak�mV)¢ | g"W�V.�¸j | ³«  R1S ahX�aclE\qV.� | gP\qacjol�u�g"l \ S V.l | g"ahXzV·j"\ S V | §EdfV.Xz\qacjol�X| V�ehgP\qV r \ij�j"\ S V | goXqn
V.u¦\�X�j"¢�\qV.ekV.jon
V | gP\qacjol ¬ \ S V�u�jmlE\qaclEd�jod�X1n�g | \;�b\ S V�u�joW�W�d�lfacu.gP\iakjml�X��� c c  ®� 

�<��� �,�& '�^�����. ������ ���k� 
����������������������R�&f��e�����l�/�R�& 
7 d | ¢ | g"W�V.�¸j | ³�ahX��mV�lfV | ahu1V�l�jodf� S \ij r V;Xzac�ol[g"l r[r V��mV�ecjon[g"l@godp\qjmW�g"\qV r n | jpu�V;XqX�jol�\ S V;XzV���goXqV.X.�mgoekjmlf��\ S V�ekaclfV.X
j"¢��*ak�md | V�];�f�pg"l r W�j | V�n | V.u�acXqV�ecs[akececd�Xt\ | g"\qV r acl���ac�od | V�] �f 
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u
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executable

execution

platform

constraints

model

objectives

controller

domain-specific

languages

tasks

mission

tool support (e.g., SIGNAL/SIGALI)lan
g

u
ag

e (syn
ch

ro
n

o
u

s)

�*ac�od | V�] �p´
;°lE\qV.� | gP\iakjml)j"¢ r ahXqu | V�\qV�u�jmlE\ | joe�XzsblE\ S V.XqacX1aclE\qj[g"l�g"dp\ijoW[gP\iV r n | jbu�V.XiX� 
{�| gou�\qahu�goekecso�Ea�\6��acece(u�jml�XzahXz\1jo¢
> \ S V[u�jmW�nfakehgP\iakjml�¬ | V.eksbaclf��jolU��Vm  �� k�(Xqsbl�u Sf| jolfjmd�X�\qV.u S lfac§EdfV;Xi®+jo¢¸W�acXiXqakjmlLgol r \�goXq³0W�j r V�ehX��Uacl�Xz\ | dfW�V�lE\qV r
¢£j | XqsElE\ S V.XqacX1ecac³oV�akl¨�*ac�od | V.X_]o]�gol r ]C�p�paclE\qj@g��oecjo��goe�g"dp\ijoW[gP\ijolU�

> \ S V�u�jol�Xz\ | d�u¦\iakjml)jo¢&g�XqV�\6j"¢�XqsElE\ S V.XqacX1jm�p~tV.u�\qac�oV;X��b¢ | joW n | V�¤ r V�±�lfV r n | jon
V | \qacV.X | V�ehgP\iV r \qj�\ S V�\igmXz³)Xz\ | d�u�¤
\qd | V.X.�

> g�u.g"ece«\qj�\ S V�¢£j | W�goe«\qjbjoe(n�V | ¢£j | W�aclf��XqsblE\ S V;XzahX��b\ij[n | j r d�u�V_\ S V�u�jolE\ | jmekecV |  
> aklE\qV.� | gP\iakjml)j"¢�\ S V�XqsblE\ S V;Xzac¡�V r u�jolE\ | joecekV | aklE\qj@gol·V�vpV.u�df\qacjol·¢ | goW�V.�¸j | ³« 

9�X)g¶n | V.ekacW�akl�g | s \iV.Xz\q�
V r jml3\ S V¨�ZgCs \qj Xzd�u S gol V.lb�Ea | jolfW�V�lE\;�}�ZV S gC�oV4�fdface�\)d�n gol�V�vpn�V | acW�V�lE\igoe6XzV�\z¤ªdfnr V;Xqu | ac��V r acl0`bV.u�\qacjol¨�f�p� S V | V_�ZV_¢£joecekjP� \ S V;XzV�n S goXqV.XZ¢ | joW Xqn
V.u�ak±�u.gP\qacjol·\qj[aclE\qV | gmu¦\qac�oV_V�vpV;u�dp\iakjmlU 
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²LV[d�XzV�\ S V r V;Xzac�ol V.lE�ba | jmlfW�V�lE\���goXqV r jolL\ S V@Xzsbl�u S�| jmlfjod�X�ehg"l��od�go�oV +.-�/ 0 LRZ   R1S V@Xzn
V.u�a�±
u�gP\iakjml j"¢Z\igoXq³pX�acXr jmlfV�akl + -�/ 0 L.Z  Z²¶V�d�XzV�a�\�X�goXiXqjbu�acg"\qV r ¢£j | W[g"e�u�joW�nfdf\igP\iakjml4\qjbjoe�+.-�/ L.Z -=����goXqV r jol¨XqsbW��
joecacu�W�j r V.e�¤°u S V.u�³baclf�
\qV;u S lfah§EdfV.X D Ym�CFª  R1S V�W�j"\iak�Pg"\qacjol¶¢£j | \ S ahX�u S jmacu�V�ahX r a | V.u�\qecs | V.ecg"\qV r \qj�jmd | �ojmgoe�acl XzsblE\ S V;Xzac¡�aclf� r ahXqu | V�\qV�u�jolf¤
\ | joececV | X���a�\ S acl3g¨n | jo� | goW�W�aclf�¨g"l r V�vpV.u�df\qacjol ¢ | g"W�V��Zj | ³«  +.-�/ LRZ -Zg"l r +.-�/*0 LRZ n | jP�Ea r Vm�(\ij0jod | ³El�jP��ekV r �oVm�
¢£j | \ S V·W�jmXz\[u�joW�nfecV�\iV·W�V�\ S j r jmekjm�os g"l r \qjbjoek¤ªXqdfnfn
j | \�V.lb�Ea | jolfW�V�lE\�gC�Cgoakehg"��ekV D Y��tF=��acl�u�ekd r aklf�¶\ S V·V�vbV;u�dp\iakjml
j"¢}\ S V�XzsblE\ S V.Xqak¡.V r u�jolE\ | joececV |  U9+X_g·Xzsbl�u S�| jmlfjod�X�ecgolf�od�g"�oVm��ak\�acX+acl¶n | acl�u�acnfecV�u�jmW�n�gP\iak�fecV���a�\ S \ S V�jo\ S V | X. j;°l
n�g | \iacu�dfecg | �C\ S V | V.ecg"\qacjol���a�\ S SjT�VYX�JYX�Z � S V�l�u�VZ��ak\ S 7 x À�À 9 ���PacX*\ S gP\ SjT�VYX�JYX�Z u.g"l���V�u�joW�nfacekV r aclE\qj�g+¢£j | W�g"\
u�goekecV r � K �f� S ahu S u.g"l�akl·\qd | l��
V�gou�u�V�np\iV r �bs[\ S V%+.-�/ 0 LRZ u�jmW�n�akecV | �fg"l r \ S V�l�\ S V%+.-�/ L.Z -�\qjbjoe�Dk].�CFª 

�<��� ��
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� 5��Q5�� � �f� �U�
R1S ahX6XqV.u¦\iakjml·�mak�mV.X¸\ S V%+.-�/ 0 LRZ u�j r V�¢£j | \ S V�\�goXq³@n�gP\q\qV | l�X r V�±�lfV r akl0`bV;u¦\qacjol �p 
�U�.�p� º � º � ¾ �Gp �o�f�@p ¾Q1 5 9 ± | Xz\}n | jbu�V.XiX�ahX r V�±�lfV r akl[j | r V | \qj S gC�oV1\ S V+gonfn | jon | acg"\qV6�ZjbjoecV.gol�Xz\ig"\qV6W�V.W�j | ac¡.g"¤
\qacjol[V.ekV.W�V�lE\.  R1S V�n | jpu�V;XqX�� S goX¸g�n�g | g"W�V�\qV | �mak�baclf��\ S V6akl�a�\iacgoe��Pg"ecdfV��
� � � �  .;ª\ S goX�\t�¸j��ZjbjoecV.gol�aclfnfdf\iX�� � �����
g"l r ��
 � � � ���Pacl r ahu�g"\qaclf� | V;Xzn
V.u�\qac�oV�ecso�m� S V�l�\ S V�s�g | V¸\ | d�Vo�"\ S gP\}\ S V�W�V�W�j | s�ahX�gmXqXqak�mlfV r \qj � ������j | 
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