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RÉSUMÉ :
OFL est le sigle de "OpenFlexible Languages"et le nom d’un métamodèle deslangagesde programmation à classes.Il

reposesur trois conceptsessentielsde ceslangages: les descriptions qui sontunegénéralisationde la notion de classe,les
relations tellesl’héritage ou l’agrégationet leslangageseux-mêmes.OFL offreunparamétragedecestroisconcepts dansle but
d’adapterleur sémantique opérationnelle auxbesoinsdu programmeur. Cedocumentrésumelesprincipalescaractéristiquesdu
modèleOFL, montrecomment créeruneapplicationà l’aide decemodèle et décritle langage JavaenOFL.

MOTS CLÉS :
métaprogrammation, hypergénéricité,relationsinterclasses

ABSTRACT:
OFL is the acronym for "OpenFlexible Languages"andthe nameof a meta-model for object-orientedprogramminglan-

guagesbasedonclasses.OFL intendsto describethem,especiallyby promotingcapabilities suchasintrospection,modification
andextension. OFL relieson threeessentialconceptsof theselanguages: the descriptions which area generalisationof the
notion of class,therelationshipssuchasinheritanceor aggregationandthelanguagesthemselves. OFL providesacustomisation
of thesethreeconceptsin order to adapttheiroperationalsemanticsto theprogrammer’s needs.Thispapersummarisesthemain
characteristicsof theOFL model,showshow to createanapplication usingthismodel anddescribestheJava languageaccording
to OFL.

KEY WORDS :
Meta-Programming, Hyper-Genericity, Inter-ClassesRelationships



OFL: Hyper -Genericity for Meta-Programming

– An application to Java –

Adeline Capouillez
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ABSTRACTW*X�Y[ZR\^]�_L`ba6c(d�e6fhgjilk�e6dnmFojp�qsr�tup<v6w,x�tupzyF{6qh|6}L{�|hp�~�a!f��n]�_j`
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`(\<�C`�c�Zua6�R��g��hg��jd�e6i0e6]�ZRfL��c�a!��a!�LZR�RZR]�ZR`�\�\<�Lc _�a6\�ZRfh]<d�e"\<�C`�c�]�Zue6fV�
i0e���Z���c�a.]�Zue6f�a6f��s`(��]�`�fj\<ZRe"fV��W*X�Y�d�`(�uZR`�\�e"fs]�_jd�`�`b`�\<\<`�fh]�Zua6�
c(e"fLc(`��j]�\�e!k�]�_j`�\<`��ua6fj�"�La6�"`(\���]�_L` �j`�\<c�d�Zu��]�ZRe"fL\�¡¢_jZRc�_£a!d�`�a
�6`�fL`�d a6�RZR\�a!]�ZRe"fse!k�]�_L`zfLe!]�Zue6f¤e!k5c��ua!\<\��F]�_L`^d�`��ua!]�ZRe"fj\<_LZR�L\A\<�jc�_
a!\5ZRfL_j`(d�Z�] a6fLc(`Se!d*a6�6�6d�`��"a!]�ZRe"f�a6f���]�_j`S�ua!fL�"�La6�6`�\�]�_L`(i0\<`��R¥�`�\��
W*X�Y¦��d�e!¥�Zu�j`(\�asc��L\&]�e6i0ZR\�a!]�ZRe"f�e6k^]�_L`(\<`�]�_�d�`�`¤c(e"fLc(`��j]�\ Zuf
e!d �j`(dS]�e�a"�ja6�j]§]�_L`(ZRdSe"�C`�d a!]�ZRe"fLa6��\<`�i�a!fh]�Zuc(\§]�e0]�_L`A��d�e"�!d a6i��
i0`�d�¨ \Afj`�`���\���©5_jZR\^�La6�C`(d�\<�Li0i�a!d�ZR\<`�\S]�_L`�i�a!ZRf¤c _�a.d a6c(]�`(d�ZR\&�
]�ZRc�\Se6kE]�_L`bW*X�Y�i0e��j`(�,�ª\<_je�¡¢\�_Le�¡«]�ebc�d�`�a!]�`za6f�a6�j�L�RZRc�a!]�ZRe6f
�j\<ZRfL�z]�_jZR\5i0e��j`��ªa!f��b�j`�\<c�d�Zu�C`(\5]�_L`A¬"­�®�­A�#a!fL�6��a6�6`Qa6c�c(e6d �jZRfj�
]�e�W*X�YE�

1. INTRODUCTION¯�fj`0e6k5]�_j`0�jd�e.�&`�c�]zi�a!f�a!�"`(d�¨ \^i�a6ZRfn�6e�a6�R\zZu\A]�e���d�ZRfL�°��e.¡¢f
]�_j`Ac�e"\&]§e!k�\<e6k#]�¡*a.d�`z��d�e��j�jc(]�ZRe"fV�E©5_j`�Z�d§c�e"\&]Si�a6ZRfL��gb��`��C`�f���\
e6fb]�¡5e^\&]�`��L\��8��d�e"�!d a6i0i0ZRfL�^a6fL�0i�a6ZRfh]�`�f�a!fLc�`"��±��jd�ZRfL�Q]�_L`(\<`
�j_�a!\<`�\���]�_j`¤�La6�ua6fjc�`¤iz�L\&] �C`�k�e"�jf����C`(]�¡�`�`�f�k²a!\&]�fL`�\<\�a6f��
_jZR�"_«³��La6�RZ�]�gh�µ´�`�¥"`(d a6�Aa!�L��d�e�a6c _L`(\°a!d�`¤e6k�]�`(f«�j\<`��[]�e�\<e6�R¥�`
]�_jZR\0�jd�e"�j�R`�i��[¶��ja6i0�j�u`(\�e6kA\<e6i0`�e!k�]�_L`�\<`�a6�j�jd�e�a!c�_j`�\�c�a6f
�C`��"ZR¥�`(fV�S·�`�`��jZufj�s¡5`��R��ZRf�i0ZRf��£]�_La!]�fje"fj`na!c(]���a!�u��g�\<e6�R¥�`�\
c(e"i0�L�R`(]�`(�Rg�]�_jZu\¢��d�e"�L�R`�i¸a.]§�jd�`�\<`�fh]��

¹�º f[a¤¡5`��R���j`(]�`(d�i0ZRfj`��£c�e6fh]�`(��]��¢\<�Lc _�a6\�]�_L`°��`�\<ZR�"f�e!k
�6d a!�L_jZuc�a6�FZRfh]�`(d<k2a6c�`�\§e6d¢»n`���\<Z�]�`�\���]�_L`�c�a6��a!c�Z�]�gb]�e��"`(fj�
`(d a.]�`A\<e"�jd�c(`^c(e��j`Qa6��]�e"i�a.]�Zuc�a6�R��g���d�Zufj�"\¢¥6a6�R��a!�L�R`A_L`��R���

¹ ©5_L`°`�¼ªe6d<]�\�i�a"��`�]�e�e"��] a6ZRf[i0e!d�`�d�`�a"�ja6�j�u`°��d�e"�!d a6i��
i0ZRfL���ua!fL�"�La6�6`�\�]�_�a!fL·�\*]�e�a6f�a!i0`��RZue!d a!]�`���\&g�fh] a!� c�e6fj�

]<d�Zu�j�j]�`5]�eAZRi0�jd�e.¥�ZRfL��]�_j`*d�`�a"�ja6�LZR�RZ�]�g�e6kª]�_L`¢\<e"��d�c�`¢c�e��j`
¡*d�ZR]<]�`(f�ZRf ]�_Le6\<`A�ua6fL�6��a!�"`�\��

¹�½ `����Lc�ZRfj��]�_L`���a!�£�C`(]�¡5`�`(f�]�_L` �j`�\<ZR�"f��j_�a6\<` a6fL�n]�_L`
�jd�e"�!d a6i0i0ZRfL�§�L_La6\<`5ZR\8a!�u\<eQa!ZRi0`��za.]�]�eSd�`����Lc�`4]�_L`4]�ZRi0`
\<�C`�fh]¢Zuf��jd�e"�!d a6i0i0ZRfL���

¹s¾ ZR�jd a.d�Zu`(\�e6k^d�`��L\�a!�L�R`nc(e"i0�Ce"fj`�fh]�\�a!�R�ue�¡¿fje6]�]�e�\&] a.d<]
k�d�e"iÀ\<c�d a!]�c _�k2e!d�`�a!c�_�fL`(¡Á�LZR`�c(`Ae6k�\<e!k�]�¡5a!d�`"�

¹sÂ \Vk�e6dV]�_L`4�j`�\<ZR�"fQ�La!]<]�`(d�fj\��!]�_j`(g�e!¼ª`(d�a.d�c�_jZ�]�`�c(]��jd�`Ei0e����
`��R\§�j\<`�� k�e6d§\<�C`�c�Z���cA��d�e"�!d a6i0i0ZRfL�z�jd�e"�j�R`�i0\��

¹sÂ \<�C`�c(]¢��d�e"�!d a6i0i0ZRfL��a"�L��d�`�\<\<`�\§\<`���a.d a!]�ZRe"f�Zuf ]�`(d�i0\*e6k
e6d<]�_Le6�"e6f�a6�*\<`�d�¥�ZRc�`(\�e6kSa!f�a6�L�j�RZuc�a!]�ZRe"f�¨ \zk2`�a.]��jd�`�\��E\<�Lc _
a6\¢�C`(d�\<ZR\&]�`�fLc(`^e!dS�jZR\&]<d�ZR�L�j]�ZRe6f�e6k8e6����`�c(]�\��

»�`b¡¢ZR�u�§��`�a6�5¡¢Z�]�_�\<`�¥�`(d a!�§e!kS]�_je"\<` \<e"�R�j]�ZRe"fj\0ZRfÃa�c�e"i0i0e6f
a6�j�jd�e"a6c _¤\&] a.d<]�Zufj�b¡¢Z�]�_�]�_L`^Zu�j`�a0]�_�a.]�d�`��ua!]�ZRe6fL\<_LZR�j\A�C`(]�¡�`�`�f
c��ua6\<\<`(\0Zufse6����`�c(]<��e6d�ZR`�fh]�`����ua6fj�"��a!�"`�\���a6fL�s`�\<�C`�c�Zua6�R��g�ZRfL_j`(d�Z��
] a6fjc�`"�La!d�`A�Re�¡*���u`(¥�`���i0`�c�_La6fjZu\<i0\5¡¢_jZRc�_ ZR]¢¡�e"�L�u�b�C`AZufh]�`(d�`(\&]<�
ZRfL�b]�e�\<�C`�c�Z�k#gn�C`(]<]�`�d��0©5_LZR\^a6�j�jd�e"a6c _nZR\Ai�a!]�`(d�Zua!�uZR\<`��¤Zuf�]�_L`
�j`���fLZ�]�ZRe"f�e!kF]�_L`zW*X�YsÄ�¯��C`�f�Å��R`(��ZR�L�R` ¾ a!fL�6��a6�6`�\ Æ4i0e���`���Ç�È(É,�

W*X�Y[¡*a!\��Ld�\&]��j`�\<ZR�6fL`���a6\�a�i0`�] a!��e"���&`�c�]��jd�e!]�ehc�e"�*\<�jc�_�a!\
]�_�a.]Ae6kAÊ�Y�W¢Ë[Ç Ì.É,��ÍSe.¡�`�¥�`(d��Vi0e6d�`ze"�C`�f¤a6fL�¤c�e6i0�L�R`(]�`^]�_�a!]
Ê�Y�W¢Ë���Z�]S_�a!\�³h�LZRc ·��Rgb�C`�c(e"i0`A¥�`(d<g��jZ�Î0c(�L��]Sa6f����Ce!d�ZRfL���Ld�\&]
]�e���d�e"�!d a6iÀa!f���]�_L`�f�]�e^�L\<`�Z�]��4´�eQ¡5`�\&¡¢ZR]�c _L`���]�e�a6fb_�g��C`(d<�
�"`(fL`(d�ZRc�a!�L��d�e�a6c _�]�e�\<e"�R¥�`¤]�_jZR\��jd�e6�L�R`�iÏÇ Ð!É,� ½ a!]�_j`(d�]�_La6f
a6�R�Re�¡¢ZRfL�Ã]�esd�`���`(��fj`¤�C`�_La�¥�ZRe6�jd�\ ]�_La6fj·�\b]�eÃa!�R�"e6d�Z�]�_ji0\���¡5`
�jd�e6�Ce"\<`^a�\<`(]§e!k8��a!d a!i0`(]�`(d�\���©5_L`�\<`Qa!�R�"e6d�Z�]�_ji0\��Ca6��d�`�a6��g�Zui��
�L�R`�i0`(f�]�`�����] a!·�`�Zufh]�e�a!c�c�e"�jfh]��E]�_j`�¥"a!�u�j`�\^e6k¢]�_L`�\<`��La!d a6i0`��
]�`(d�\*]�e�a!c�_jZR`�¥�`�]�_L`��j`�\<Z�d�`�� �C`�_�a�¥�ZRe"�jd��E©5_j`�\<`Qa6�R�6e6d�Z�]�_Li0\§a!d�`
c�a!�u�R`��za6c(]�ZRe6fL\8a6fL��]�_L`(gQ��`(��fj`E]�_j`4e6�C`(d a!]�ZRe6f�a6��\<`�i�a!f�]�ZRc�\��V»�`
�jd�e6i0e6]�`�]�_L`�Zu�j`�a°]�_�a.]�Z�]0ZR\zi��Lc _�i0e!d�` c�e6f�¥�`�fLZR`�fh]^k2e!d�]�_L`
i0`(] a.����d�e"�!d a6i0i0`(d0Ä2k2a6\&]�`(d��Ei0e!d�`�`(Î0c�ZR`�fh]�a6fL�¤d�`��RZua6�L�R`"�8`�]�c"� Æ
]�e�\<`�]8��a!d a!i0`(]�`(d�¥6a6�R�j`�\�¡¢_LZRc _���d�Zu¥"`�¡5`��R���,]�`�\&]�`��za6c(]�ZRe"fj\��"]�_La6f
]�e�c _�a!fL�"`*]�_j`*\<e"�jd�c(`*c�e��j`¢e6kª\<`(¥�`(d a6�ji0`(]�_Le���\�¡¢_LZRc _0�j`�\<c�d�Zu�C`
a6��]�e6�"`(]�_j`(dS]�_j`�\<`�i�a!f�]�ZRc�\¢e!k�]�_L`A�ua6fj�"�La6�"`6�

2. OFL APPROACH



Â ]z�Ld�\&]�d�`�a"�jZRfj��]�_j`nW*X�Y�a!�L�jd�e"a6c _£c�a6f��C` \<�ji0i0`��n�j��a6\
]�_j`0\<`�a!d�c _�k2e!d0a�\<`�]�e!k¢��a!d a!i0`(]�`(d�\Q¡¢_Le6\<`b¥6a6�R�j` ��`(]�`(d�i0ZRfL`(\
]�_j`�e6�C`(d a!]�ZRe"fLa6�§\<`�i�a6fh]�ZRc�\�e!k�a!f£e6����`�c(]��ua6fj�"�La6�"`°�La6\<`���e"f
c(�#a!\<\<`�\��

2.1 Hyper-GenericityÑ�`(fL`(d�ZRc�Z�]�g�ZR\�]�_j`�a6�LZR�RZ�]�g�]�e�c��j\&]�e"i0ZR\<`¤]�_j`��C`(_�a�¥�Zue6�jd�e6k�a
c(�#a!\<\�ZRf�a6f°e6����`�c(]��ua!fL�"�La6�6`S�&�j\&]�a!\�ZRf�]�_L`QÒ8Ó�ÔFÕ Ö§Ç ×!É�e6d�Ê5ØAØ
Ä²Ù�Ú�Û�Ü�Ý�Þ!ÙhÚhÆ4Ç ß.É��"`�fj`(d�ZRc4c��ua!\<\<`�\��8ÍSg��C`(d<���"`(fL`(d�ZRc�Z�]�gSZR\V]�_j`4a!�LZR�RZ�]�g
]�eQc��j\&]�e"i0ZR\<`*]�_L`¢�C`�_La.¥�ZRe"��d�e!kV]�_j`¢�#a!fL�6��a6�6`SZ�]�\<`���k��5à�e!d�`S��d�`(�
c(Zu\<`(�Rg�¡�`�_�a�¥�`^c _Le"\<`(f�]�ebc��L\&]�e6i0ZR\<`^]�_j`��C`�_La.¥�ZRe"��d�\�e!k�]�_jd�`(`
ZRi0�Ce!d<] a6fh]¢fLe!]�Zue6fL\¢e6k8e6����`�c(]§�ua6fj�"��a!�"`�\S��a!\<`�� e6f�c��ua6\<\<`�\��

È6�5d�`��ua!]�ZRe6fL\<_LZR�j\ \<�jc�_Ãa6\��"`�fj`(d a6�RZR\�a!]�ZRe6f«a!f���c�e"i0�Ce6\<ZR]�ZRe6f
Ç á!É,�

Ìh�¢�j`(\<c(d�ZR�j]�ZRe"fj\¢¡¢_jZRc�_��j`�\<c(d�ZR�C`�\5]�_j`Aa6�j�L�RZRc�a!]�ZRe6fV¨ \¢e"���&`�c(]�\��
\<�Lc _�a!\§]�_j`Q¬�­"®�­zc��ua6\<\<`�\Sa6fL��ZRfh]�`(d<k²a!c�`�\^Ç âh��ã��Cä.É��La6fL�

Ð��*�ua6fj�"��a!�"`�\¢]�_L`(i0\<`��R¥�`�\��

2.1.1 Parameters»n`�_�a�¥�`��j`(�LfL`���an\<`(]be6k���a!d a!i0`(]�`(d�\°Ç�È(É§¡¢_LZRc _Ãd�`���d�`�\<`�fh]�\
]�_j` i�a!ZRf�k�`�a!]���d�`�\�e!kS]�_j` �C`�_La�¥�ZRe6�jd�\�e!kS]�_j`�\<` ]�_�d�`�`bZui0�Ce!d<�
] a!fh]�fLe!]�ZRe"fL\§¡¢_LZRc _¤a.d�`�c�a!�R�u`��£å�æ6q�å�p�oLç,è�é<p(tR{6ç²w,æ6qj~<êhw o��*å�æ6q�å p�o�ç,è
ë p�~(å(é w o�ç²w²æ6qÁ`(]¤å æ!qCå p�o�ç,è�tR{6q�|6}j{�|hp���ÅLe6dbZRfL\&] a!fLc�`"�5c�e"fjc�`(d�fLZRfj�
]�_j`�c�e6fLc�`(�j]<�,d�`��ua!]�ZRe"fj\<_LZR�V��]�_L`^¥6a6�R�L`ze6k�]�_j`�ìhÞ!í�î�ï.ð�Þ"Ýhï!Ù�ñ°�La!�
d a!i0`(]�`(d�a6�R�Re.¡¢\A]�e�\<�C`�c�Z�k#g�ZRk4Z�]AZR\�\<ZRi0�L�R`^e6dAiz�L��]�ZR�L�R`"� Â \Sk�e6d
]�_j`�c�e6fLc�`���]<���j`�\<c(d�ZR��]�Zue6fb¡�`A_�a�¥�`§k2e6d¢ZRfj\&] a6fLc(`�]�_L`Aò"Ú6ð�Ú"í�Þ!Ù�ó6í
�La!d a!i0`(]�`(d0¡¢_LZRc _[��`(]�`(d�i0ZRfL`�\�¡¢_j`(]�_L`�d0]�_L`�c(e"fLc(`��j]<���j`(\<c(d�ZR�j�
]�ZRe6f�c�a6f�e6d§c�a6fjfLe!]Sc�d�`�a!]�`Ae�¡¢f�ZRfL\&] a!fLc�`(\��

2.1.2 Actions©5_j`�e6�C`(d a!]�ZRe"fLa6�§\<`�i�a6fh]�ZRc�\ze6k�`�a6c _£c�e6fLc�`(�j]0iz�L\&]�a"�La!�j]�]�e
]�_j`�¥6a6�R�L`be6kSZ�]�\���a.d a6i0`(]�`�d�\���©5_LZR\�ZR\0a6c _LZR`�¥"`���]�_La6fj·�\^]�e�a
\<`�]Se!kEa6c(]�ZRe6fL\§a6�R�"e!d�Z�]�_Li0\*¡¢_Le6\<`^`��j`(c��j]�ZRe"f��j`��C`(f��j\*e6f�]�_L`(\<`
¥6a6�R�j`�\���Åje6d�`��La!i0�L�R`"��]�_j`^a6\<\<ZR�"fji0`�fh]�e6k4a!f�e6����`�c(]S]�e a!f�a!]<�
]<d�ZR�j�j]�`"�5]�_j`°��g�fLa6i0ZRc��jZufL�jZRfL�¤e6k�]�_j`�k2`�a!]��jd�`(\��*]�_L`�\<`�fL�jZRfL�
e!k*i0`�\<\�a!�"`�\^a6fL�¤�Re6]�\Ae!k*e6]�_j`(dQ�C`�_La.¥�ZRe"��d�\Qa!d�`0`(����d�`�\<\<`��na!c(�
c(e6d �jZRfj��]�e0�La!d a!i0`(]�`(d�\�e!kEc�e"fjc�`��j]<�,d�`��ua.]�Zue6fL\<_jZu��a!f���c�e6fLc�`(�j]<�
��`�\<c(d�ZR�j]�ZRe6fV��W*X�Y��uZRfj·�\�]�¡5ebk²a6c(`(]�\A]�e�`�a6c _�a!c(]�ZRe"f���]�_L`��jd�\&]
ZR�R�R�L\&]<d a.]�`�\ ]�_j`°\&] a!]�ZRc¤�La!d<]bZRfL\<Zu�j`�a!f�Zufh]�`(d���d�`(]�e6dbe!d�a�c�e6i��
�jZR�u`�d�ô�]�_L`�\<`�c(e"f���d�`��jd�`�\<`(f�]�\�]�_j`0��g�fLa6i0ZRc�a!\<�C`�c(]^ZRf�]�`(�6d a!]�`��
¡¢Z�]�_jZuf�]�_j`�d��Lfh]�ZRi0`"�E©5_j`Q�jZR\&]<d�ZR�L�j]�ZRe6f�e6k�]�_j`�c�e��j`QZRfh]�e�]�_L`(\<`
]�¡5e�k2a6c�`(]�\z�j`(�C`�f���\^e6f�ZRi0�L�R`�i0`�fh] a.]�Zue6f¤c _Le6ZRc�`�\^e6k*]�_L`�W*X�Y
i0e���`��²�

2.2 OFL Objectives©5_j`��Ld�\&]¢e6fL`�ZR\*]�e�ZRi0�jd�e.¥�`§]�_L`�d�`�a6�La!�LZR�RZR]�g�e!k�]�_L`�c�e��j`�¡*d�Z�]<�
]�`(f[ZRf[a6fÃe"���&`�c(]b�ua6fj�"�La6�"`��La6\<`��Ãe6fÃc��ua!\<\<`�\�� º f���`�`��õW*X�Y
a!�R�ue�¡¢\�]�e0\<�C`(c�Z�k�g�]�_j`Ad�`��ua!]�ZRe"fj\<_LZR�L\S�C`(]�¡�`�`�f�]�_L`Q��`�\<c(d�ZR�j]�ZRe6fL\
¡¢_je"\<`z\<`�i�a6fh]�ZRc�\�ZR\�i0e!d�`z��d�`�c�ZR\<`z]�_La6f�ZRfL_j`(d�Z�] a6fLc(`ze!dQa6�6�6d�`(�
�"a!]�ZRe"f���´�ZRfLc�`¢ZRfL_j`(d�Z�] a6fjc�`�a!f��0a!�"�6d�`(��a!]�ZRe6f�a!d�`Se6k#]�`�f��L\<`���k�e6d
¥"`(d<g[��Z�¼ª`(d�`�fh]b�L�jd��Ce6\<`�\�Ä2k2e6d�`(�ja6i0�j�u`6�n�6`�fL`(d a!�RZu\�a.]�ZRe"fV��\<�C`(�
c(Z#a!�RZu\�a.]�ZRe"fV�ªc(e��j`Ad�`��L\<`6�Fö�ö�ö�Æ���¡5`^a6ZRiÀ]�e�e!¼ª`(dS]�_j`A�Ce"\<\<ZR�LZR�RZ�]�g
]�enc(d�`�a!]�`�a�d�`��ua!]�ZRe"fj\<_LZR�[¡¢_LZRc _ÃZR\�\<�C`�c�Z���c�]�e¤`�a6c _Ãe!k�]�_Le6\<`
�j\<`�\�� ¾ `(]��j\��jd�`�c(Zu\<`^]�_�a.]�ZRf�e6d �j`�d�]�e0d�`�i�a6ZRf��jd a!�"i�a!]�ZRc"�C¡�`
��esfLe!]�a!ZRi÷]�enk�e6d�c�`�]�_L`°��d�e"�!d a6i0i0`(d�\�e"��]�e!kA]�_L`�Z�d _�a!�LZ�]�\
a!f���]�e�ZRfh]�`(d�c�_La6fj�"`A]�_L`Ad�`��ua!]�ZRe6fL\<_LZR�j\�]�_L`(d�`^a.d�`z�j\<`���]�e0¡¢ZR]�_
]�_j`�e6fL`�\�¡�`��jd�e6�Ce"\<`"�^»�_L`(f¤ab\<�C`�c�Z���czd�`��ua!]�ZRe"fj\<_LZR�nZR\A�L\<`����
d�`�a"�La!�LZR�RZ�]�g£e6k�]�_j`�c�e���`°Zu\0\<ZRi0�j�uZ��L`����[ÅL�jd<]�_j`(d�i0e6d�`"�4Z�]0¡¢ZR�u�
�C` `�a6\<ZR`(d0]�e��"`(fL`(d a.]�`�a�d�`(�u`(¥"a!f�]�a6��]�e"i�a!]�ZRc��jehc��ji0`�fh] a!]�ZRe"f

Person

age() : Integer

Name : String

P1 : Person

Birthday = 02/12/1990

CS

CS

OC

CS

Birthday : Date

Name = "Diana"
the value of its attributes (optional)

the "P1" object and its type (type is optional)

the "Person" description

its attributes (optional)

its méthods (optional)

"S" is a composition of "C"

"S" is an aggregation of "C"

"S" is a generalisation of "C"

"O" is an instance of "C"

ø¢ù�úCûVü!ýsþ�ÿ��bý��Fý�ü�����ú�ü���	�
�ù
���������Cý�����ù������

a6fL��]�_j`SZRfh]�`(d���d�`(]�`(d*e!d¢c�e"i0�jZu�R`(d�¡¢Zu�R�ª�C`�a!�L�R`�]�eza6c _LZR`�¥�`Si0e6d�`
a6�j�jd�e6�jd�Zua!]�`^c�e"fh]<d�e6�u\�� Â \�a�c�e6fL\<`�³h�L`(fLc�`"��ZR]S¡¢ZR�u�F�C`z`�a!\<ZR`(d�]�e
i�a6ZRfh] a6ZRf�a0�jd�e6�6d a6i�a6fL�°]�e�`�fj\<�jd�`Qk2��d<]�_L`(d��j`�¥�`(�ue6�Li0`�fh]�\§e6k
]�_L`�a6�L�j�RZuc�a!]�ZRe"f��

Â �R\<e��*¡5`�¡¢ZR\<_[]�enc�e6fh]<d�Zu�j�j]�`�]�end�`��j�Lc(Zufj�¤]�_j`°��a6�Ã�C`(]�¡�`�`�f
]�_L`¢`(����d�`�\<\<ZR¥�`�fL`(\<\�e6kV��`�\<ZR�"f�i0`(]�_Le���\�a!f�����d�e"�6d a!i0i0ZRfL�A�ua6f��
�"�La6�6`�\�� º f���`�`��ª��e"fL`�c�a6f �C`���a.d<]�ZRc��L�ua!d���gb�L�R`�a!\<`��b¡¢Z�]�_�az¥�`(d<g
\<�LZ�] a!�L�R`�����Yõd�`��jd�`(\<`�fh] a!]�ZRe"f��j�j]�]�_LZR\bZu\ e6k#]�`�f��jZ�Î0c��j��] ]�e
ZRi0�L�R`�i0`�fh]4\&]<d a6ZR�"_h]<k�e6d<¡*a.d �j��g �L\<ZRfL�^e"fj`"¨ \5k²a�¥�e"��d�Z�]�`��jd�e6�6d a!i��
i0ZRfL���ua!fL�"�La6�6`"�QW*X�Ysa6�R�Re�¡¢\S]�e���`(��fj`�d�`��ua!]�ZRe"fj\<_LZR�L\§¡¢ZR]�_°\<`��
i�a6fh]�ZRc�\§c��Re"\<`(d�]�e�]�_je"\<`Qe6k��j`(\<Zu�6f�i0`(]�_Le���\Sa!f���]�_��L\¢]�e��jd�e!�
�6d a!iÀk²a6\&]�`�d��

º f¤e6d ��`(dA]�e�e6�j] a6ZRfsa�d�`�a6�RZR\&]�ZRc��L\<`�e!kQW*X�YE��]�_L`���d�e"�!d a6i0i0`(d
_�a!\*]�e�_�a�¥�`�a6c�c�`(\<\¢]�e��uZR��d a!d�ZR`�\¢e6k�c(e"fLc(`��j]�\&�,d�`��ua!]�ZRe6fL\<_LZR�j\�a!f��
c�e6fLc�`���]�\&���j`�\<c(d�ZR��]�Zue6fL\�ZRf�¡¢_LZRc _Á_j`¤c�a6fÁ\<`��R`�c(]�¡¢_La!]�`�¥�`�d°_L`
¡¢ZR\<_L`�\8]�e��j\<`"�8©5_LZR\8i0`(]�_je��zZR\8\<Zui0ZR�ua!d8]�e�]�_La!]8¡¢_LZRc _��jd�e.¥�Zu�j`�\
d�`��j\�a6�L�R`A\<e!k�]�¡5a!d�`^c�e"i0�Ce6fL`�fh]�\AÇ�È��.É,�

3. OFL MODELÅ�Z�d�\&]¢ZRf��L�"��d�`zÈ"��¡�`��j`�]�`(d�i0ZRfL`¢]�_L`��!d a6�j_LZRc�c�e6f�¥�`�fh]�ZRe"fL\4]�_�a!]
a!d�`�a6�j�L�RZR`���]�e�]�_j`^¡¢_je"�R`���ehc��Li0`(f�]��S©5_j`(g�a!d�`�a6�Ri0e"\&]�Zu�j`�f��
]�ZRc�a6��]�e�]�_Le6\<`Ae6k�����YE�

3.1 GeneralAr chitectureÅ�ZR�"��d�`�Ì�ZR�R�R�L\&]<d a.]�`�\Q_Le�¡¦]�e �j\<`z]�_j`�W*X�Y�i0e��j`���]�e �j`�\<c�d�Zu�C`
a6f�a!�L�j�uZRc�a.]�ZRe"fV� º f¤]�_jZR\^�L�"�jd�`�]�_j`�]�_jd�`�`�fj`�c�`�\<\�a.d<g��R`�¥�`��R\^e6k
i0e��j`(�uZR\�a.]�Zue6f�a!d�`A\<_je.¡¢f��

È"��]�_L`�a!�L�j�uZRc�a.]�ZRe"f[�R`�¥�`(�§ZRfjc��R���j`(\�]�_L`���d�e"�6d a!i�¨ \��j`�\<c(d�ZR���
]�Zue6fL\§a6fL� e6����`�c(]�\^Ä�W*X�Y4è,w2qL~�ç�{6q�å�p�~^a!f��¤W*X�Y4è ë {6ç�{�Æ��

Ì���]�_L`E�#a!fL�6��a6�6`��R`�¥�`(�h�j`�\<c�d�Zu�C`(\F]�_L`Ec�e"i0�Ce6fL`�fh]�\�e6k�]�_L`E�jd�e!�
�6d a6i0i0ZRfj���ua6fj�"��a!�"`�Ä�W*X�Y4è�å�æ ��o�æ!qªp�qLç²~�Æ��ªa!f��

Ð���]�_L`bW*X�Y��R`�¥�`���d�`��jd�`�\<`(f�]�\¢]�_L`Ad�`�Z��Lc�a!]�ZRe"f�e!kE]�_je"\<`^c�e"i��
�Ce"fL`(f�]�\AÄ�W*X�YEè�å�æ6q�å p�o�ç²~^a6fL��W*X�Y4è�{6ç�æ �z~�Æ��
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3.2 Application Level©Ve���`�\<c(d�ZR�C`�a!f^a6�L�j�RZuc�a!]�ZRe"f��6]�_j`E��d�e"�!d a6i0i0`(dV�L\<`�\�]�_L`E\<`(d�¥�ZRc�`�\
\<�j�L�j�uZR`����hg�]�_j`��ua6fj�"��a!�"`��R`�¥�`��²��ÍS`�c(d�`�a.]�`�\bW*X�Y���ZRfL\&] a6fjc�`�\��
¡¢_jZRc�_0a.d�`*]�_L`¢�j`(\<c(d�ZR�j]�ZRe"fj\�a!f��^]�_j`5d�`��ua!]�ZRe"fj\<_LZR�L\4e6kª_jZu\Ea!�L�L�RZ��
c�a!]�ZRe"f^�hgAZRfL\&] a6fh]�Zua!]�ZRe6fze!kj]�_j`�W*X�Y���c�e6i0�Ce"fj`�fh]�\�� Â ]Vd��Lfh]�ZRi0`"�
]�_j`�a!�L�L�RZRc�a.]�Zue6fÃe6����`�c(]�\��*c�a!�R�u`��õW*X�Y����ja!] a���a!d�` ZRfL\&] a6fjc�`�\0e!k
]�_j`�W*X�Y���ZRfL\&] a!fLc�`�\5d�`(�jd�`�\<`�fh]�ZRfL�z]�_L`Q�j`(\<c(d�ZR�j]�ZRe"fj\��

3.2.1 OFL-Instances¶Ea6c _��j`�\<c�d�Zu��]�ZRe"f°e6d§d�`��ua!]�ZRe6fL\<_LZR�¤�j`�\<c�d�Zu�C`�����gb]�_L`A��d�e"�!d a6i��
i0`�d5ZR\5i0e��j`(�uZR\<`��0�hg0a!f�W*X�Y���ZRfL\&] a6fjc�`"�EÅ�ZR�"��d�`AÌA�"ZR¥�`�\�a6fb`(���
a!i0�L�R`�e!kEa6f°a!�L�L�RZRc�a.]�Zue6f�¡¢_LZRc _�ZRfLc��R�L�j`�\*��¥"`0W*X�Y���ZRfL\&] a!fLc�`�\��

¹ ]�_jd�`(`Q�j`�\<c(d�ZR��]�Zue6fL\��.-�Ú /�ï10"Ý"Új��ìhÞ6íL��a6fL��ìhó�Ý"ó�2híL�

¹ e"fj`Q�"`�fj`(d a6�RZR\�a!]�ZRe"f�d�`��ua!]�ZRe"fj\<_LZR�V�*ìhÞ6í�ZRfL_L`�d�ZR]�\¢k�d�e6i3-hÚ54
/jï106Ý"Új�Ca!f��

¹ e"fj`0a6�6�6d�`��"a!]�ZRe"f¤d�`��ua!]�ZRe"fj\<_LZR�V�Qì�Þ6í�_�a!\Qa6f¤a!]<]<d�ZR�L��]�`�e!k
]�_L`�ìhó�Ý�ó�2�í�]�g��C`"�

3.2.2 OFL-Dataº f0]�_L`§a6�j�L�RZRc�a!]�ZRe"f���`�a6c _b�j`�\<c(d�ZR��]�Zue6f ZRfj\&] a6fLc(`SZR\5i0e���`��RZu\<`��ba.]
d��jfh]�Zui0`���gba!fsW*X�Y����ja!]��Li���Å�ZR�"�jd�`zÌz\<_je�¡¢\¢]�¡5e�e!k�]�_L`�i��

¹76 ñ18�Ú"í�í�Þ6í�ï��ªa6f�Zufj\&] a6fjc�`Ae6k�]�_j`QìhÞ6í���`�\<c(d�ZR�j]�ZRe"f���a!f��

¹79 Ú"îj�Ca6f ZRfL\&] a6fjc�`Ae6k�]�_j`Aìhó�Ý"ó�2híb�j`�\<c�d�Zu��]�ZRe"fV�

¾ `(]§�L\*�Ce6Zufh]§e"��]*]�_�a.]*]�_L`�W*X�Y���ZRfL\&] a!fLc�`(\5¡¢_LZRc�_�a!d�`Q�j`(\<c(d�ZR�j�
]�ZRe6fL\0\<�C`�c�Zua!�uZR\<`°]�_L`nW*X�Y���a!]�e6i ó�:�;6Ú<0!ÙL� º f���`�`��ª�*ó�:<;"Ú<0!ÙsZR\

]�_L` d�`�Z���c�a.]�Zue6f[e6kA�La!] a�e6k�]�_j`�a!�L�L�RZRc�a.]�Zue6f�Ä�W*X�Y����ja!] a�Æ���´�e
Z�]Sd�`(�jd�`�\<`�fh]�\*]�_L`�d�ehe!]�e!k�]�_L`A\<�C`�c�Zua!�uZR\�a.]�Zue6f�]<d�`(`^e!k�]�_L`�W*X�Yª�
ZRfL\&] a!fLc�`�\*¡¢_jZuc _°a.d�`Q�j`�\<c(d�ZR��]�Zue6fL\��

3.3 LanguageLevel©5_L`��#a!fL�6��a6�6`Q�u`(¥�`����j`�\<c�d�Zu�C`(\S��Z�¼ª`(d�`�fh]5]�g��C`�\�e6k�d�`��ua.]�Zue6fL\<_jZu�j\
a6fL�£��`�\<c(d�ZR�j]�ZRe6fL\�¡¢_jZuc _�c�a6f��C` �j\<`���Zufs]�_j`�i0e��j`(�uZR\<`����ua6f��
�"�La6�6`"�«©5_L`�d�`��ua.]�Zue6fL\<_jZu�j\�a.d�`°ZRfL\&] a6fjc�`�\�e6k=06ó!ð>06Ú6Ü�Ù<46íhÚhÝ"Þ14
Ù�ï"ó.ð>?�/jï.ÜL�^]�_j`���`�\<c(d�ZR�j]�ZRe"f«a!d�`nZufj\&] a6fjc�`�\°e6k@0"ó!ð>06Ú!ÜhÙ<46îhÚ5?�4
0!í�ï�ÜhÙ�ï"ó!ðL�s©5_L`b�ua6fj�"��a!�"` ZR]�\<`(�RkSZR\�a!f�ZRfj\&] a6fLc(` e!kA0"ó.ð>06Ú6ÜhÙ54
4�Ý�Þ.ð5B�2�Þ B�Új� º ]�\zi�a6ZRf�k2�jfLc(]�ZRe"f�ZR\�]�e��L��]z]�e6�"`(]�_j`(d�]�_j`bd�`(�#a.�
]�ZRe"fj\<_LZR�L\ba6fL�[�j`(\<c(d�ZR�j]�ZRe"fj\�¡¢_jZRc�_�a.d�`°\<�L�j�L�RZR`��£]�en]�_j`��jd�e!�
�6d a!i0i0`(d��

3.3.1 OFL-Components©5_L`Q�ua6fj�"�La6�"`z�R`�¥�`��VZu\§\<e"�R`���g°c(e"i0�Ce"\<`���e6kSW*X�Y���c�e6i0�Ce"fL`(f�]�\��
Å�ZR�"��d�`^Ìz�RZu\&]�\��

¹ \<e"i0`sc�e6fLc�`���]�\&���j`�\<c(d�ZR��]�Zue6fL\¤a6i0e6fL�[¡¢Z�]�_ Þ146î�Ú<?10!í�ï�Ü�4
Ù�ï"ó!ð��

¹ \<e"i0`�c�e6fLc�`(�j]�\&�,d�`��ua!]�ZRe"fj\<_LZR�L\Sa6i0e6fL�^¡¢ZR]�_�Þ14 BhÚ!ð�Ú"í�Þ�Ý�ï�4
?"Þ6Ù�ï"ó.ð�46íhÚhÝ"Þ6Ù�ï"ó!ð�?�/jï.Ü�a!f���¡¢Z�]�_¤Þ!ð�4�Þ B�B�íhÚ�B�Þ!Ù�ï"ó!ð�4!íhÚ54
Ý�Þ6Ù�ï"ó.ð>?�/jï.ÜL�ªa6fL�

¹ a�c�e"fjc�`���]<���ua!fL�"�La6�6`�Þ�4�Ý�Þ!ð5B 2�Þ BhÚj�

º ]�ZR\A�Ce"\<\<ZR�L�R`�]�e�d�`��jd�`(\<`�fh]Qabc(e"fLc(`��j]<���j`(\<c(d�ZR�j]�ZRe"f¤a6\Aabi0`(] a!�
c��ua6\<\�a6fL��a�c�e"fjc�`���]<��d�`(�#a.]�ZRe"fL\<_jZR��a6\Sa�i0`(] a!�,d�`��ua!]�ZRe6fL\<_LZR��a!f��
\<ZRi0ZR�#a.d���g�a�c(e"fLc(`��j]<���ua6fj�"��a!�"`^a6\§a�i0`�] a!���ua6fL�6��a!�"`"�
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3.4 OFL Level©5_j`bW*X�Y�i0e��j`���ZR\�a0i0`(] a.��i0e���`��Ck2e!dS]�_j`^��d�e"�!d a6i0i0ZRfL���ua!fj�
�6��a!�"`bÄ²�#a!fL�6��a6�6`z�R`�¥"`��#Æ§a!f���a�i0`(] a.��i0`(] a!��i0e��j`(��k2e6dS]�_L`A��d�e6�
�!d a6i0\zÄ,a6�L�j�RZuc�a!]�ZRe"f��R`�¥�`��#Æ�� Â \§¡5a6\�\�a!Z#��ZRf���a.d<]AÌh�RÈ"�C¡5`Q_La.¥"`
c _Le6\<`�f�]�e�c(�L\&]�e"i0ZR\<`�]�_�d�`�`�ZRi0�Ce6d<] a!fh]¢fLe6]�ZRe6fL\��8d�`��ua!]�ZRe"fj\<_LZR�L\��
��`�\<c(d�ZR�j]�ZRe6fL\§a6fL� �ua6fj�"��a!�"`�\��4Í�e�¡�`�¥�`(d��ja��Re6]¢e!k�e6]�_j`(d§c�e"i0�Ce!�
fj`�fh]�\�fL`�`��Q]�e��C`Ed�`�Z���`��^\<�Lc _�a!\Ee6����`�c(]�\��"i0`(]�_Le���\���a!\<\<`(d<]�ZRe"fL\��
`�]�c"��ZRf�e6d ��`(d�]�ebi0e��j`��RZR\<`zab�ua6fj�"�La6�"`zc�e"i0�j�R`(]�`���gh��©5_j`�W*X�Y
�R`�¥"`��VZRfjc��R���j`(\¢]�¡5e�]�g��C`�\*e6k8`�fh]�Z�]�ZR`�\��

È6�5]�_L`[W*X�Y���c�e"fjc�`���]�\�¡¢_LZRc _��j`(\<c(d�ZR�C`�\°]�_L`nc(�L\&]�e"i0ZR\�a!�L�R`
��a.d<]^e6k5]�_j`�d�`��ua!]�ZRe"fj\<_LZR�L\����j`�\<c(d�ZR��]�Zue6fL\za6fL�¤�ua6fj�"��a!�"`�\��
a6fL�

Ìh�5]�_L`bW*X�Yª��a.]�e"i0\*¡¢_LZRc _��j`�\<c�d�Zu�C`(\S]�_L`Qfje"fj��c��j\&]�e"i0ZR\�a6�j�R`
��a.d<]0e6k�]�_L`�\<`b]�_jd�`�`�c(e"fLc(`��j]�\0a!\�¡5`��R�Sa6\�a!�u�¢]�_L` e6]�_j`(d
c�e6i0�Ce"fL`(f�]�\��

Â �R\<e�a!\<\<`(d<]�ZRe"fL\8a.d�`���`�\<c(d�ZR�C`��QZRf^`�a6c _ W*X�Yª��c�e"fjc�`��j]�a6fL�0W*X�Y��
a.]�e"i¸ZRf�e!d �j`(d¢]�e�·�`(`�� ]�_j`�i0e��j`��ªc�e6fL\<ZR\&]�`�fh]��

3.4.1 OFL-ConceptsÅ�ZR�6�jd�`�Ð \<_je�¡¢\Q]�_j`�¡¢_Le6�R`0e6k5]�_j`�c��ua6\<\<Z���c�a!]�ZRe"fse!k5]�_L`�W*X�Y��
c(e"fLc(`��j]�\�� ¾ `�]5�L\4d�`�c�a6�R�ª]�_�a.]5e"fj��g0]�_L`�W*X�Yª��c�e"fjc�`��j]�\5a!d�`�c(�L\&�
]�e6i0ZR\<`���ZRf�e6�jd§i0e��j`��²�

©5_j`�i0`(] a.���jd�e"�!d a6i0i0`(d�¨ \^] a6\<·sZR\�]�enc�d�`�a!]�`�a6f«W*X�Y���c�e"i0�Ce!�
fj`�fh]��LZ²� `"�¢a!f�ZRfL\&] a!fLc�`Qe6kEa!fsW*X�Y���c�e6fLc�`(�j]��j��gb�6Zu¥�ZRfL��a�¥6a6�R�j`
]�eQ`�a!c�_�e!kVZ�]�\5�La!d a!i0`(]�`(d�\��8©5_��L\4_L`§�j`(c�Zu�j`�\4e"f0]�_L`¢�C`�_La.¥�ZRe"��d
e!kª`�a6c _�k��j]��jd�`�Zufj\&] a6fjc�`*e6kC]�_j`AW*X�Y���c�e6i0�Ce"fL`(f�]�� º kL]�_L`5e6�C`(d a!�
]�ZRe6f�a6�ª\<`�i�a!fh]�Zuc(\4¡¢_LZRc _b]�_j`Si0`�] a!���jd�e6�6d a6i0i0`�d4¡5a6fh]�\�]�e^�LZRf��
]�e�a6f�W*X�Yª��c�e"i0�Ce6fL`�fh]*��eh`�\¢fLe!]*i�a!]�c _b]�_j`Aa6c�]�Zue6fL\¢�L�ua!fLfL`����
]�_j`�f°_L`Q_La6\S]�e0i0e���Z�k�g�]�_j`Qc�e��j`^e6k8]�_Le6\<`�a!c(]�ZRe"fj\���©5_j`�W*X�Y
i0e���`���ZR\z�u`�k�]�e6�C`�fs�hgn]�_jZu\^�Ce"\<\<ZR�jZu�RZ�]�gn¡¢_LZRc�_�\<_je"�L�u��fje6]z�C`
�j\<`��°�L��]�ZRf�¥�`(d<g°\<�C`(c�Z���c^c�e"fh]�`(��]�� º f���`�`��ª�CZRf�]�_La!]�c�a6\<`"�ª]�_j`
i0`�] a!���jd�e6�6d a6i0i0`�d�¨ \j�&e"��Zu\�iz�Lc _Q_L`�a�¥�ZR`(d8]�_�a6f¢�&�j\&]E�"ZR¥�Zufj��¥6a6���
�j`�\*]�e���a.d a6i0`(]�`�d�\��

3.4.1.1 Concepts-Relationships

»�`�c�a6�R��a§c�e"fjc�`���]<��d�`(�#a.]�ZRe"fL\<_jZR��]�_L`5`�fh]�Z�]�gAd�`(�jd�`�\<`�fh]�ZRfL��aS·�ZRf��
e6k^d�`��ua!]�ZRe6fL\<_LZR��� Â c(e"fLc(`��j]<�,d�`��ua!]�ZRe6fL\<_LZR�«Zu\�c�e"fj\<`�³h�L`�fh]���g�a
i0`(] a.��d�`(�#a.]�ZRe"fL\<_jZR�V� Â i0e6fL��]�_j`¢d�`(�#a.]�ZRe"fL\<_jZR�L\5¡¢_LZRc _ba!d�`¢]�ez�C`
k2e6�LfL�¤ZRfn�Re6]�\Qe!k*e"���&`�c�]<��e!d�ZR`�fh]�`��n�ua6fj�"��a!�"`�\Q�La6\<`��ne6fnc��ua!\<\<`�\
a6fL�£e6����`�c(]b�j`(\<Zu�6f[i0`(]�_je��j\��E¡5`�i�a�g�i0`�fh]�ZRe"f�k2e!d�`(�ja6i0�L�R`
ZRfL_j`(d�Z�] a6fLc(`"�Aa!�"�6d�`(��a!]�ZRe6fV�Ac�e6i0�Ce"\<Z�]�ZRe"f����"`(fL`(d a!�uZR\�a.]�Zue6fV�A`�]�c"�
Í�e�¡�`�¥�`(d�a��6ZR¥�`�f�i0`(]�_Le��£e6d°�ua6fj�"�La6�"`¤\<`��u�je6i e�¡¢fL\�a6�R�Ae6k
]�_L`(\<`zd�`��ua!]�ZRe6fL\<_LZR�j\za!f��°�L\<�La6�R��g��L\<`�\�\<e6i0`�e!k�]�_L`(i ZRf�e6d �j`�d
]�e0\<ZRi��j�#a.]�`Ae6]�_j`(d�\��¢ÅLe!dS`��La!i0�L�R`�]�_L`A�6`�fL`�d a6�RZR\�a!]�ZRe"f�ZRf,�.��Y
�j`(\<c(d�ZR�C`�\�a��6`�fL`�d a6�RZR\�a!]�ZRe"f�a6\¢¡5`(�u�Fa6\Sa6f°ZRfL_j`(d�Z�] a6fjc�`"�Caz\&]<d�Zuc�]
\<�L���,]�g��LZRfL��I(��ö�ö�ö

Â d�e6�LfL�£]�_LZ�d<]�gÃ��a.d a6i0`(]�`(d�\ �j`���fL`°]�_j`�\<`(i�a6fh]�ZRc�\ e!k�a!�R��]�_L`
W*X�Y�i0e��j`(�,¨ \§c�e"fjc�`���]<��d�`(�#a.]�ZRe"fL\<_jZR�V�KJ�a.d<]�×��uÈ6�RÈ��RZR\&]�\§]�_j`Qc�e"f��
c�`���]�\&�,d�`��ua!]�ZRe"fj\<_LZR�L\�d�`���d�`�\<`�fh]�ZRfL�§]�_L`4d�`(�#a.]�ZRe"fL\<_jZR�L\�e6kj]�_L`5¬�­"®�­
�ua6fj�"��a!�"`"�

Å�ZR�"��d�`�Ð5ZR�R�R�L\&]<d a!]�`(\�e"��dFc��ua!\<\<ZR�Lc�a!]�ZRe6fze!k�]�_j`8c�e"fjc�`��j]�\&�,d�`��ua.]�Zue6fj�
\<_LZR�j\��ML�e6fLc�`(d�fjZRfL�£]�_j`nZRfh]�`(d<���j`�\<c�d�Zu��]�ZRe"f«d�`(�#a.]�ZRe"fL\<_jZR�L\��A¡5`
�jZR\&]�ZRfL�6�LZR\<_0�C`(]�¡5`�`�f�]�_j`*ZRi0�Ce6d<]8d�`��ua!]�ZRe"fj\<_LZR�L\SÄ²�"`�fj`(d a6�RZR\�a!]�ZRe6f
e6k�]�_j`sZufj_L`(d�Z�] a!fLc�`�i0`�c _�a!fLZR\<ibÆ�a6fL�õ]�_L`s�L\<`sd�`��ua.]�Zue6fL\<_jZu�j\
Ä²�"`(fL`(d a!�uZR\�a.]�Zue6f�e6k�]�_j`¢a6�"�!d�`���a.]�ZRe"f�i0`�c _�a6fjZR\<ibÆ�� Â \�k2e6dE���6�jd�`
Ì5Z�]FZR�R�R�L\&]<d a!]�`(\�e"fj`4ZRfL\&] a!fLc�`Ee6kja!fAZui0�Ce!d<]Fc(e"fLc(`��j]<�,d�`��ua!]�ZRe6fL\<_LZR�
Ä�Þ14 B�Ú6ð�Ú"í�Þ"Ýhï1?"Þ6Ù�ï"ó!ð�46í�ÚhÝ�Þ6Ù�ï6ó!ð>?�/jï�ÜjÆza6fL��e"fj`z`(�ja!i0�L�R`Qe6k�a6f
�L\<`Ac(e"fLc(`��j]<�,d�`��ua!]�ZRe6fL\<_LZR��Ä�Þ.ð�4�Þ B1B"íhÚ�B�Þ6Ù�ï"ó!ð�46í�ÚhÝ�Þ6Ù�ï6ó!ð>?�/jï�Ü�Æ��

W*X�YÁa6�R\<e¤] a!·�`�\�ZRfh]�e�a6c�c�e6�Lfh]�]�_j`bd�`��ua.]�Zue6fL\<_jZu�£�C`(]�¡�`�`�f�e"���
�&`(c(]�\5a!f���c��ua6\<\<`(\�¡¢_LZRc _�a!d�`§�L\<`���k�e6d5`��La!i0�L�R`5]�eAi0e��j`(�uZR\<`¢]�_L`
ZRfL\&] a!f�]�Zua.]�Zue6f0d�`��ua!]�ZRe"fj\<_LZR�0`(��ZR\&]�Zufj�Q�C`(]�¡�`�`�f0a!f0e"���&`�c(]5a6fL��Z�]�\
c��ua6\<\�� º ]�ZR\�a!�R\<e��Ce6\<\<ZR�L�R`°]�e�i0e��j`��RZR\<`°]�_L`�d�`��ua.]�Zue6fL\<_jZu���C`��
]�¡�`�`�f�e"���&`(c(]�\���N4`(]���¡5`zi�a6ZRfL��g�c�a!d�`za6�Ce6�j]AZRfh]�`(d<���j`�\<c�d�Zu��]�ZRe"f
d�`��ua!]�ZRe6fL\<_LZR�j\��

3.4.1.2 Concepts-DescriptionsÂ c(e"fLc(`��j]<���j`(\<c(d�ZR�j]�ZRe"fÃa6�R�Re.¡¢\b]�e���`(��fj`�]�_L`�fje6]�ZRe"f£e6kAc(�#a!\<\
a6fL� a!�R��]�_La!]*�Rehe"·�\*�RZR·�`Aa^c��ua6\<\¢\<�Lc _�a!\5]�_L`SZufh]�`(d<k2a6c�`(\§ZRf�¬�­"®�­h�
©5_L`�d�`(k2e!d�`zazc�e"fjc�`��j]<����`�\<c(d�ZR�j]�ZRe"f�Zu\§a�·�ZRf��be6k�i0`�] a!��c��ua6\<\��

ÅLe!d�ZRfL\&] a!fLc�`^¡5`^c�a6f�fLe!]�ZRc�`z]�_La!]S`�¥�`�f�Z�k8]�_L`(g��uehe6·�]�_L`^\�a6i0`
]�_L`�ÒEÓ�ÔFÕ Ö��*Ê5ØAØ e!d�¬�­"®�­h��c��ua6\<\<`(\z\<_je.¡ \<e6i0`�fLe!] a6�L�R`���ZR¼ª`�d<�
`�fjc�`�\��«Å�ZR�"�jd�`¤Ì¤�6ZR¥�`�\�e"fj`°Zufj\&] a6fjc�`°e6kAc(e"fLc(`��j]<���j`(\<c(d�ZR�j]�ZRe"f
c�a!�u�R`���Þ�46îhÚ<?10.í�ï.ÜhÙ�ï6ó!ð�a!\�a!f�`(�ja!i0�L�R`"�

Â d�e6�LfL�z]�¡�`�fh]�gz��a!d a!i0`(]�`(d�\Ea!d�`§fL`(c�`�\<\�a!d<gz]�eQ�j`�\<c�d�Zu�C`¢]�_L`*�C`��
_�a�¥�ZRe"��dAe6k�a ��`�\<c(d�ZR�j]�ZRe6fnZRf°]�_L`�W*X�Ysi0e���`��²�^¶4a!c�_�c�e"fjc�`���]<�
�j`(\<c(d�ZR�j]�ZRe"fÁZR\�c�e"i0�La!]�ZR�L�R`�¡¢Z�]�_õa�\<`(]°e!k�c�e6fLc�`(�j]�\&�,d�`��ua!]�ZRe"f��
\<_LZR�j\��EÅLe6d�Zufj\&] a6fjc�`"��ZRfb¬�­"®�­h�h]�_L`¢c�e6fLc�`���]<���j`�\<c(d�ZR��]�Zue6f�ï.ðhÙhÚ"í54
O Þ50!Ú^ZR\�c(e"i0��a.]�ZR�L�R`*¡¢ZR]�_0]�_j`§c(e"fLc(`��j]<�,d�`��ua!]�ZRe6fL\<_LZR��ï(Û�Ü�Ý"Ú�ÛLÚ6ð<4
Ù�Þ6Ù�ï"ó!ð��j�j]4Z�]�ZR\5ZRfLc(e"i0��a.]�ZR�L�R`*¡¢ZR]�_P:�Ú6Ù�Q�Ú�Ú6ð<450"Ý�Þ5?�?6Ú<?�4hï�ð1/�Ú54
í�ï!ÙhÞ!ð>06Új�

3.4.1.3 Concepts-Languages©5_L` c�e"fjc�`���]<���ua!fL�"�La6�6`�ZR\0a6f�ZRi0�Ce6d<] a!f�]�a6fL�sg�`(]�\<ZRi0�L�R`bfLe!�
]�ZRe"f�� º ]�i0e���`��RZu\<`(\�a0�ua6fL�6��a!�"`"� º f°��a.d<]�ZRc��L�ua!d��ª`�a6c _��ua!fL�"�La6�6`
ZRfLc��R�L�j`�\Ea�\<`(]Ee6kªc(e"fLc(`��j]�\&���j`(\<c(d�ZR�j]�ZRe"fj\�a!f���a�\<`�]4e!kªc�e"fjc�`���]�\&�
d�`��ua!]�ZRe6fL\<_LZR�j\�¡¢_LZRc _¤a.d�`�c�e6i0��a.]�Zu�j�R`Q¡¢Z�]�_�a!]��R`�a6\&]Ae6fL`^e6kE]�_L`
c�e6fLc�`���]�\&���j`�\<c(d�ZR��]�Zue6fL\�� º f0�L�"�jd�`�ÌQ]�_j`(d�`�ZR\*e"fj��g�e"fL`Sc�e"fjc�`���]<�
�ua6fj�"��a!�"`"¨ \8ZRfL\&] a!fLc�`SÄ�Þ14�Ý�Þ!ð1B�2�Þ BhÚ�ÆV¡¢_LZRc�_Qd�`���d�`�\<`�fh]�\F]�_L`Ei0e����
`��RZR\<`����ua6fj�"��a!�"`"�

I�©5_j`�\<`0]�_jd�`�`�d�`(�#a.]�ZRe"fL\<_jZR�L\^_�a�¥�`��jZ�¼ª`(d�`(f�]Q\<`(i�a6fh]�ZRc�\Q`�¥�`�f�Z�k
]�_L`�g�a.d�`A\<ZRi0Zu�ua.dS`(fLe"�j�"_�]�e��C`�e6k#]�`�f°i0ZR\&] a6·�`�f��



©5_j`Qc�e"fjc�`��j]�\&���ua6fj�"�La6�"`(\�a.d�`^_La!d ���Rg c��j\&]�e"i0ZR\<`�����©5_L`(ZRd§i�a!Zuf
k��Lfjc(]�ZRe"f�ZR\^]�e�k�`��j`(d a.]�`b]�_j`�c�e"fjc�`��j]�\&�,d�`��ua.]�Zue6fL\<_jZu�j\�a!f���c�e6fj�
c(`��j]�\&���j`(\<c(d�ZR�j]�ZRe"fj\¢¡¢_jZRc�_°a.d�`Ac�e"i0�La!]�ZR�L�R`�¡¢Z�]�_�]�_j`�i��

3.4.2 OFL-Atoms©5_j`(gsd�`���d�`�\<`�fh]�]�_L`�d�`�Z���c�a!]�ZRe"f£e6k�]�_j` fje"f���c(�L\&]�e"i0ZR\<`��s`�fh]�Z��
]�ZR`�\§e6k�]�_j`Qi0e��j`��²��Å�Zu�6�jd�`Q×0ZR�R�u�j\&]<d a!]�`�\Sa���a.d<]�e!k�]�_Le6\<`�W*X�Y��
a.]�e"i0\���©5_L`�d�`��ua.]�Zue6fL\<_jZu�j\�����`�\<c(d�ZR�j]�ZRe"fj\^a6f����ua6fj�"��a!�"`�\Q_La.¥"`
]�_j`�Z�d�e�¡¢f¦W*X�Y���a!]�e6i0\�]�es��`�\<c(d�ZR�C`�]�_L`���a!d<]�e!k�]�_L`(ZRd�\&]<d��jc(�
]���d�`na!f��Ã]�_j`�Z�d��C`�_La.¥�ZRe"��d ¡¢_jZRc�_Áa!d�`¤fLe!]�c��j\&]�e"i0ZR\<`��ª�µÅLe!d
ZRfj\&] a6fLc(`"��Zuf°�L�"�jd�`�Ì��C¡�`zi�a�g�\�a�g�]�_�a!]S]�_L`bW*X�Y���c�e6i0�Ce"fj`�fh]
c�a6�R�R`���Þ!ð<4�Þ B1B�í�Ú�B�Þ6Ù�ï6ó!ð�46íhÚ�Ý�Þ6Ù�ï"ó.ð>?�/jï.Ü�Zu\�ab\<�C`�c(Z#a!�RZu\�a.]�ZRe"f�e!k
]�_j`�W*X�Y���a!]�e6iµíhÚhÝ"Þ6Ù�ï"ó!ð�?�/jï.Ü��

Åje6d�ZRfj\&] a6fLc(`�ZRf�a6f�a6�j�L�RZRc�a!]�ZRe"f¤a6�R�F]�_j`^k�`�a!]���d�`�\�e!k5a��j`(\<c(d�ZR�j�
]�ZRe6f°a!d�`AZRfL\&] a!fLc�`(\Se!k8a6f�_j`�Z�d§e6k O ÚhÞ!Ù�2híhÚj�Ca6�R�V]�_j`�`(���jd�`�\<\<ZRe6fL\
a.d�`�ZRfL\&] a!fLc�`�\0e!k0Ú�R6ÜhíhÚ<?1?"ï"ó!ð�e6d0e!k�e6fL`�e!k�Z�]�\0_L`(ZRd�\�a6f���a6�R�
]�_j`Qe"���&`�c(]�\�a!d�`^ZRfL\&] a6fjc�`�\Se6k�ó�:�;"Ú50!ÙL�S©5_��L\zW*X�Y��"ZR¥�`�\�a�k2�L�R�
d�`(ZR�Lc�a!]�ZRe6f°e6k�]�_j`A`�fh]�ZR]�ZR`�\*k�e"�LfL��a.]§]�_j`Aa6�j�L�RZRc�a!]�ZRe6f�d��Lfh]�ZRi0`"�

4. IMPLEMENT ATION OF OFLÂ k�]�`(d��j`�\<c�d�Zu�jZRfL��]�_L`^��ZR¼ª`�d�`�fh]�`��R`�i0`(f�]�\§c�e6i0�Ce"\<ZRfL��]�_j` W*X�Y
i0e���`��²�V¡�`�\<_�a!�R�Efje�¡ �L\<`°W*X�Ys]�e�i0e���`��RZu\<`z]�_L`���`�\<c(d�ZR�j]�ZRe6fL\
a!f��sd�`��ua!]�ZRe"fj\<_LZR�L\�e!k�]�_L`�¬�­"®�­��ua6fL�6��a!�"`"�Ã©FenZR�R�R�L\&]<d a.]�`�]�_LZR\
�La!d<]8¡5`¢\<_La6�R�L�6Zu¥"`¢a�¥"a!�R�L`*e6k�a!�R�L_hg��C`(d<���"`�fj`(d�ZRc5��a.d a6i0`(]�`(d�\�k�e6d
e6fL`Ec�e"i0�Ce6fL`�fh]<�,d�`��ua!]�ZRe6fL\<_LZR�^a6fL��e"fj`4c�e6i0�Ce"fj`�fh]<����`�\<c(d�ZR�j]�ZRe6fV�
»n`�\<_La6�R�C]�_L`�f �j`�a!��¡¢Z�]�_�e6]�_j`(d*i0`(] a.��i0e��j`��R\5a�¥6a6ZR�ua6�j�u`�¡¢Z�]�_jZuf
]�_j`bk#d a6i0`(¡�e6d�·�e!k�e6����`�c(]<��e6d�ZR`�fh]�`���]�`�c _Lfje"�Re"�6ZR`�\���Å�ZRf�a!�u��g�¡�`
\<_La6�R����`�\<c(d�ZR�C`Qa�\<`(]§e!k�]�ehe"�R\Sa6�R�Re.¡¢ZRfj��]�_j`A�L\<`�e!k8e"��d¢i0e��j`��²�

4.1 Intuiti ve definition of Java»n`5a.d�`��RZR\&]�Zufj��fje.¡s]�_j`���Z�¼ª`(d�`�fh]�\<`�i�a!f�]�ZRc�\Fe6k�]�_L`5��`�\<c(d�ZR�j]�ZRe6fL\
a!f��^e6k�]�_j`�d�`��ua!]�ZRe"fj\<_LZR�L\E�C`(]�¡5`�`�f^]�_L`*��`�\<c(d�ZR�j]�ZRe6fL\8e6kC]�_j`*¬�­"®�­
�ua!fL�"�La6�6`"�E¶4a!c�_Qe!kj]�_j`�\<`4\<`(i�a6fh]�ZRc�\FZR\Fd�`���d�`�\<`�fh]�`����hgAa!fbW*X�Y��
c(e"i0�Ce"fj`�fh]��8©5_L`¢d�`�a6�j`(d*c�a6f��"eQ]�eA���"��d�`�ß�]�eQ�"`(]4]�_L`¢k2�j�u�C�RZR\&]
e!k�]�_L`Q¬"­�®�­�W*X�Yª��c(e"i0�Ce"fj`�fh]�\��

Åje6d�¬�­"®�­Q¡5`A_�a�¥�`Sk2e"�jf��ª�

¹ e"��¥�ZRe"�j\<�Rgh�je"fj`�c�e6fLc�`���]<���#a!fL�6��a6�6`"�

¹ `�ZR�"_h]�c�e"fjc�`��j]�\&�,d�`��ua.]�Zue6fL\<_jZu�j\�Z²� `"�§k2e"��d�ZRi0�Ce6d<]§e6fL`�\�a6f��
k2e6�jd§�L\<`Ae6fL`�\��La6fL�

¹ ]�`�f c�e"fjc�`��j]�\&����`�\<c(d�ZR�j]�ZRe"fj\��

©5_j`�d�`�a"��`(dAk²a!i0ZR�uZua.d^]�e�¬�­"®�­bi�a�g���f��°]�_L`�f��ji��C`(d�e6k�W*X�Y��
c(e"i0�Ce"fj`�fh]�\8Zu\E_LZR�6_V�8©5_jZu\EZR\E]�_j`5d�`�\<�L��]4e6kª]�_L`¢a!c�c���d a6c(gze6k�e"��d
�La!d a!i0`(]�`(dA\&g�\&]�`�i ¡¢_LZRc�_��jd�e.¥�Zu�j`�\�a�d a.]�_L`(d��LfL`z�6d a6f��j�#a.d�Z�]�gh�
©5_j`b�jZ�¼ª`(d�`�fjc�`�\QZRfn]�_L`0\<`�i�a!fh]�Zuc(\^�C`�]�¡5`(`�fn]�_L`zd�`��ua!]�ZRe"fj\<_LZR�L\
e!dz]�_j`��j`�\<c�d�Zu��]�ZRe"fL\za!d�`�e!k�]�`�f�_jZu�L�j`(fnk�d�e6i¿]�_j`0�jd�e6�6d a6i0i0`�d
�hg�]�_L`��L\<`Ae6kF]�_L`A\�a6i0`�·�`(g�¡5e!d � ZRf°�jZ�¼ª`(d�`(f�]¢c(e"fh]�`(��]�\��

»[_�a!]�¡5`�\�a�g�a6�Ce6�j]�]�_j`°¬�­"®�­£W*X�Yª��c(e"i0�Ce"fj`�fh]�\zZR\0fje6]�]�_j`
¥6a6�R�j` e!k�`�a!c�_�e6k§]�_L`b��a.d a6i0`(]�`�d�\��L��]zd a.]�_L`(d0a���d�`�\<`�fh] a!]�ZRe6f
e!k�]�_j`�Z�d�i�a6ZRf°k2`�a!]��jd�`(\��Q©5_L`z·�`(g�¡5e!d �j\��RZRfL·"`���]�eb`�a6c _¤e!k4]�_j`
W*X�Yª��c�e"i0�Ce6fL`�fh]�\¢a!d�`A�j�j]¢ZRf���d a6c ·�`(]�\��

4.1.1 Concepts-Relationshipsof Java©5_j`��Ld�\&]�k2e6�jdbc�e6fLc�`���]�\&�,d�`��ua!]�ZRe"fj\<_LZR�L\ a!d�`�ZRi0�Ce6d<]�e6fL`�\��*]�_j`
k�e"�R�Re�¡¢Zufj�bk�e"��d�a!\¢�L\<`Ae"fj`�\��

4.1.1.1 BetweenClassesInheritance(
Ú�R�ÙhÚ!ðhî�?

)©5_LZR\�d�`(�#a.]�ZRe"fL\<_jZR� ZR\5�j\<`���ç�æ�é�p
SEqCp�ç�êLp�w
��oCtupT�0p�qLç�{6ç²w²æ6q�æVUSç�êjp
~,ojp<å(w S�å�{6ç²w,æ!q�æVU�{ ë {6ç�{ çXW ojp�� Â \<�C`�c�Z��Lc�a!]�ZRe"f�ZR\�ZRi0�L�R`�i0`(f�]�`��
ZRf0a�c��ua6\<\�ô�\<e�]�_La!]4a�c��ua6\<\EZR\4\<�C`(c�Zua6�RZR\<`��0��gza!f0�C`(]�¡�`�`�f�c��ua!\<\<`�\
ZRfL_j`(d�Z�] a6fLc(`"��©5_LZR\QZR\Q\<Zui0�j�R`�ZRfL_L`�d�ZR] a!fLc�`�Zuf�¡¢_LZRc _nc(g�c��R`�\^a!d�`
k2e!d��LZu�L��`�fV��©5_L`�k�`�a!]���d�`�\Ae6k*a6fnZRfj_L`(d�Z�]�`���c��ua6\<\^a!d�`�Zui0�Ce!d<]�`��
ZRfh]�e�]�_L`�_L`�Z�dzc��ua6\<\�� º ]^ZR\��Ce6\<\<ZR�L�R`b]�e�d�`(�L�ua6c�`�]�_L`�a.]<]<d�ZR�L�j]�`(\
a6fL� ]�e�d�`���`(��fj`�]�_L`Ai0`(]�_je��j\��YJ�e"��g�i0e6d��j_LZR\<iÀZR\�a!�L�L�RZR`���ZRf°a
�Ce6]<]�e6i����L��¡*a�gh��Z²� `"�Ea6fhg�ZRfL\&] a!fLc�`Se6kF]�_j`�_j`�Z�d*i�a�g0�C`�\<`�`(f�a!\
a6f�Zufj\&] a6fjc�`Ae6k�]�_j`AZRfL_L`�d�ZR]�`�� e"fj`"�

4.1.1.2 BetweenInterfacesInheritance(
Ú�R�ÙhÚ6ð�î�?

)©5_LZR\¢d�`��ua!]�ZRe"fj\<_LZR��a6�R�Re�¡¢\�ç�æbé<p
SEqªpQç�êLpz~,ojp�å(w S�å�{6ç²w,æ6q�æVU^{ ë {6ç�{
çXW ojp�� º ]QZu\^a!�L�L�RZR`����C`(]�¡�`�`�f�ZRfh]�`(d<k²a!c�`�\���]�_j`�_L`(ZRd^\<�C`�c(Z#a!�RZu\<ZRfj�
]�_L`�Zufj_L`(d�Z�]�`���e"fj`�\��ZL�e6f�]<d a.d<g�]�e ]�_L`��C`(]�¡�`�`�f�c��ua6\<\<`�\^ZRfL_L`�d<�
Z�] a6fjc�`"��]�_jZu\Ad�`��ua.]�Zue6fL\<_jZu�nZu\^i��j��]�Zu�j�R`�ZRf��j`(`����ZJ�e6�Rg�i0e!d��L_LZR\<i
¡5e!d�·�\4ZRf�]�_j`5\�a6i0`5¡5a�g�a6\EZRf�]�_L`*�C`�]�¡5`(`�f�c��ua6\<\<`(\�ZRfL_j`(d�Z�] a6fLc(`"�

4.1.1.3 Concretisation(
Ú�R�Ù�Ú6ðhî�?

)©5_LZR\^d�`��ua!]�ZRe"fj\<_LZR��a6�R�Re.¡¢\�ç�æ[�0{6ç�p�é w,{"t w�~�p�ç�êLpbw
�SoCtupT��p�qjç�{6ç²w,æ6q
æVU°ç�êLp�~,ojp<å(w S4å {!ç²w,æ6q¦æ\U�{ ë {6ç�{�çXW�ojp�� º ] ZR\�a6�L�j�RZu`��[�C`(]�¡�`�`�f
a6fÁa!�L\&]<d a6c�]�Ä²ZRfL_j`(d�Z�]�`���Æ0c��ua6\<\°a!f���asfLe6fj��a6�j\&]<d a6c(]¤Ä²ZRfL_j`(d�Z�]<�
ZRfL��Æ8c��ua!\<\���©5_jZR\4d�`��ua!]�ZRe6fL\<_LZR��ZR\�Zu�j`(f�]�ZRc�a!�L]�eQaA�C`(]�¡�`�`�f0c��ua!\<\<`�\
ZRfL_j`(d�Z�] a6fLc(` �j�j]^Z�]�ZR\�c�e6i0�L�j�u\<e!d<g¤]�e���d�e!¥�Zu�j`ba°�Ce���g�]�e°]�_L`
a6fjc�`�\&]�e!d�¨ \Sa6�j\&]<d a6c(]Si0`(]�_je��j\5ZRf�]�_j`�_L`�Z�d��

4.1.1.4 Implementation(
ï(Û�Ü�Ý"Ú�ÛLÚ!ðhÙ�?

)©5_LZR\§d�`��ua!]�ZRe"fj\<_LZR��i0e��j`��RZR\<`bç�êjpzw
��oCtupT�0p�qLç�{6ç²w²æ6q�æ\U^ç�êLp^~,ojp<å(w²è
S�å�{6ç²w²æ6qsæVU^{ ë {6ç�{ çXW ojp�� Â c��ua6\<\Sc�a6f�]�_��j\§ZRi0�j�u`(i0`�fh]�\*e"fL`Qe!d
\<`�¥�`�d a6�5ZRfh]�`(d<k²a!c�`�\���©5_L`(d�`(k�e6d�` Zui0�j�R`�i0`�fh] a!]�ZRe"fnZu\�a°i��L��]�ZR�L�R`
d�`��ua!]�ZRe6fL\<_LZR��� º kV]�_j`Sc(�#a!\<\*ZR\5c�e"fjc(d�`(]�`"��Z�]*iz�L\&]4�jd�e.¥�Zu�j`Sa^�Ce���g
]�e�a!�R�E]�_j`�i0`(]�_je��j\S¡¢_jZRc�_na!d�`�\<�C`�c(ZR�L`��¤ZRf�]�_L`�ZRfh]�`(d<k2a6c�`�\�� º k
]�_L`¢c��ua!\<\5ZR\�a!�L\&]<d a6c�]���ZR]�c�a6f0��d�e.¥�Zu��`Sa��Ce���g�]�eA\<e6i0`§i0`�]�_Le��j\
a6fL� ·�`(`�� ]�_j`�e6]�_j`(d�\¢a6�j\&]<d a6c(]�� º ]�\*�Ce6��gji0e!d��L_jZu\<i Zu\¢Zu�j`(f�]�ZRc�a!�
]�e�]�_La!]¢e6k�]�_j`�ZRfL_j`(d�Z�] a6fLc(`�d�`��ua!]�ZRe"fj\<_LZR�L\��

4.1.1.5 Aggregation©5_LZR\�d�`��ua.]�Zue6fL\<_jZu�zi0e��j`��RZR\<`�\4êjæ�]nç�æA}�~(p5ç�êLp5~�p�é_^�w,å p�~§æVU�ç�êLp ë p(è
~�å(é�w o�ç²w,æ6qj~ � º f�e6d ��`(dE]�e�ZRi0�L�R`�i0`�fh]�\<�jc�_0a��j\<`"��e6fL`����L\&]4_�a6\�]�e
�j`(c��ua!d�`^a6f°a.]<]<d�ZR�L�j]�`S¡¢ZR]�_�]�_j`�]�g��C`�e!k�]�_L`A�j\<`�����`�\<c(d�ZR�j]�ZRe"fH`6�
L�e"fh]<d a.d<g�e6k�]�_j`bk�e"��d0�jd�`�¥�ZRe"�j\�ZRi0�Ce6d<]�d�`(�#a.]�ZRe"fL\<_jZR�L\��5c�gjc(�u`(\
a!d�`^a!�u�Re�¡5`��°k�e6d�a6�6�6d�`��"a!]�ZRe"fj\��§©5_L`Qa!]<]<d�ZR�j�j]�`�\§e6k�]�_j`Q�j`�\<c(d�ZR���
]�ZRe"f��L\<`��sZR\0��ZRd�`(c(]���g�a6c�c(`�\<\<ZR�L�R`°Z²� `6�s]�_L`b�L\<`be6k�a6c�c�`(\<\<e6d�\�ZR\
fLe!]*c�e6i0�L�L�R\<e!d<g�a!�E©5_L`��RZ�k2`�e6kF]�_j`S�j\<`���e"���&`�c(]¢ZR\5ZRfL�j`��C`�fL�j`�fh]
k�d�e6i ]�_La!]^e6k*]�_j`0�L\<ZRfL�°e6����`�c(]�a6f���]�_L`0\�a6i0`�e6����`�c(]zc�a6fs�C`
�L\<`�� �hgb\<`�¥�`(d a!�F�L\<ZRfj��e"���&`(c(]�\��

4.1.1.6 ClassAggregation(
?!Ù�Þ!Ù�ï10

)©5_LZR\8d�`��ua!]�ZRe"fj\<_LZR��i0e��j`��RZR\<`�\8]�_L`*fje6]�ZRe"f0e!kEå�tR{6~�~§{6ç²ç²é�w²x(}�ç�p¢¡5`��R�
·�fLe�¡¢f�ZRfbe6����`�c(]<��e6d�ZR`�fh]�`����ua6fj�"��a!�"`�\�� º ]5ZR\�Zu�j`(f�]�ZRc�a!��]�e�a!�"�!d�`(�
��a.]�ZRe"fs�L��]A]�_L`0�j\<`��¤e6����`�c(]zZu\^a!\<\<ehc�Zua!]�`���]�e�]�_j`0�L\<ZRfL��c(�#a!\<\
a6fL� fje6]¢]�e�Z�]�\¢Zufj\&] a6fjc�`�\��

4.1.1.7 Composition©5_LZR\Ed�`��ua!]�ZRe"fj\<_LZR� i0e���`��RZR\<`�\Sç�êLp�~�ç²é<æ!q�|�}�~�p�æ\USç�êLp ë p�~�å(é w o�ç²w,æ6q
~(p�éT^�w²å�p�~�� º ]SZR\S\<Zui0ZR�ua!d§]�e�a6f�a6�"�!d�`���a.]�ZRe"f��L�j]¢]�_j`A�L\<`���`(f�]�Z�]�g
`(©5_j`S�j\<`¢e6kVa�i0`(]�_Le��z��a!d a!i0`(]�`(d��he!kVa�k2�Lfjc(]�ZRe"f�d�`�\<�j��]5e6d4e6kVa
�Rehc�a6��¥6a!d�Zua6�j�R`4¡¢Z�]�_^]�_j`E]�g��C`4e!kj]�_j`4�j\<`��z��`�\<c(d�ZR�j]�ZRe6f^d�`�\<`(i��L�R`�\
a6�6�6d�`��"a!]�ZRe"f��
a ¶���c�`���]�Z�k4]�_j`�a.]<]<d�ZR�L�j]�`z¥�Zu\<ZR�jZu�RZ�]�g�Zu\Sd�`�\&]<d�ZRc(]�`����ªk�e6dAZRfL\&] a!fLc�`
�j`(c��ua!d�ZRfL�0Z�]Sa6\*Ühí�ï�b�Þ6ÙhÚj�
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ZR\¢fLe!]Sa6f�e6����`�c(]S�C`�c�a!�L\<`AZ�]¢ZR\Se!k8a��jd�ZRi0Z�]�ZR¥�`S]�g��C`�Ä2k2e!dS`��La!i��
�j�R`"�§ï.ð�Ù�Æ��¢©5_��L\¢¡5`Qc�e6fL\<Zu�j`(dS]�_�a.]§]�_j`A�RZRk�`ze!k8]�_L`A�L\<`���`�fh]�ZR]�g
��`��C`�fL�j\*e"f ]�_�a!]¢e!k�]�_L`��j\<ZRfL��e6����`�c(]��

4.1.1.8 ClassComposition(
?!Ù�Þ6Ù�ï10

)©5_j`4c(�#a!\<\�c�e6i0�Ce"\<Z�]�ZRe"f^Zu\V\<ZRi0Zu�ua.dF]�e¢c�e"i0�Ce6\<Z�]�Zue6fz�j�j]�Z�]���`(��fj`�\
a�å�tR{6~�~^{6ç²ç²é�w²x(}�ç�p^a6\¢c��ua6\<\Sa6�6�6d�`��"a!]�ZRe"f���eh`�\��

4.1.2 Concepts-Descriptionsof
¬�­"®�­

º f��"`�fj`(d a6�²�ª¡5`^c�a6�R�*w2qjqªp�é�è�å�tR{6~�~(p�~^]�_L`^\&] a!]�ZRc�i0`�iz�C`(d§c��ua6\<\<`�\��
]�_j`�i0`�iz�C`(d�c��ua6\<\<`�\��6]�_L`4�uehc�a6��c��ua6\<\<`�\��6]�_L`4a6fje"fhg�i0e"�L\Vc��ua6\<\<`�\��
a!f���]�_L`�i0`�iz�C`(d^\&] a!]�ZRc�ZRfh]�`(d<k2a6c�`�\z]�ehej�n»n`�_�a�¥�`b�uZR\&]�`���]�`�f
c(e"fLc(`��j]�\&���j`(\<c(d�ZR�j]�ZRe"fj\Goh�

4.1.2.1 Class(
0"Ý�Þ5?1?

)Â c(�#a!\<\�ZR\S]�_j` å�æ6q�å(é�p�ç�p�w
��o�tupT��p�qLç�{!ç²w,æ6qsæ\Uz{ ë {6ç�{ çXW ojp�� º ]�ZR\
azfLe"f����"`�fj`(d�ZRcQ�j`�\<c(d�ZR��]�Zue6f�¡¢_LZRc _�i�a�gbc�e"fh] a6ZRf�i0`�]�_Le��j\_pSa6f��
a.]<]<d�ZR�L�j]�`(\�� º ]SZR\¢¥�ZR\<Zu�j�R`Q¡¢Z�]�_jZuf ]�_L`A�RZRi0ZR]�\¢e!k�]�_L`��La6c ·"a!�"`Q�L��]
]�_jZR\0¥�ZR\<ZR�LZR�RZ�]�g�c�a!f£�C`�`���]�`(f��j`���e!d0d�`�\&]<d�ZRc(]�`�����gsan³h��a!�uZ��L`(d
Ä2Ü�21:�Ýhï10�e6d0Ühí�ï�b�Þ6ÙhÚ¤k�e6d�ZRfL\&] a!fLc�`�Æ�� º ]0ZR\0a!�L�R`�]�e�c(d�`�a!]�` ZRfj�
\&] a!fLc�`(\��L��]Sc�a6fLfje6]��j`�\&]<d�e�g�]�_j`�i��L]�_jZR\S] a6\<·�Zu\�a6\<\<ZR�"fj`��°]�e�a
�"a!d��La6�"`���c(e"�R�R`�c(]�e6d��*Å�ZufLa6�R��g�Z�]Sa6�R�Re�¡¢\S]�_L`Ae.¥�`�d��ue"a"��Zufj��¡¢Z�]�_Le"��]
] a!·�Zufj��ZRfh]�e0a6c�c(e"�Lfh]¢]�_L`S]�g��C`�e6kFk2�Lfjc(]�ZRe"f�d�`(\<�L��]��

4.1.2.2 AbstractClass(
Þ�:>?!Ù�í�Þ10!Ùq0"Ý�Þ5?�?

)Â f�a6�L\&]<d a!c(]0c��ua!\<\0Zu\�{6q�{�x(~�ç²é<{"å(çzw
�SoCtupT��p�qjç�{6ç²w,æ6q[æVU�{ ë {6ç�{
çXW ojp���©5_LZR\§�j`�\<c(d�ZR��]�Zue6f°a6\*]�_j`�\�a6i0`�k�`�a!]���d�`�\Sa6\§azc��ua!\<\S�j�j]¢Z�]
c�a6f��j`(\<c(d�ZR�C`Sa!�L\&]<d a!c(]�i0`�]�_Le��j\¢Ä2¡¢Z�]�_Le6�j]4a��Ce���gLÆ�a6fL��c�a!fLfLe!]
_La�¥�`�e�¡¢f�ZRfL\&] a!fLc�`�\��

4.1.2.3 Interface(
ï�ðhÙhÚ"í O Þ506Ú )©5_jZR\SZR\*]�_L`�~,ojp<å(w S4å {!ç²w,æ6qnæVUz{ ë {!ç�{bçXW ojp��+L�e6fh]<d a!d<gb]�e0a�c��ua6\<\��

a!fzZRfh]�`(d<k2a6c�`4c�a6fjfLe6]��j`(�LfL`4a!]<]<d�ZR�L��]�`�\��8à�e!d�`�e.¥�`(d��"a6�R�hZ�]�\�i0`(]�_��
e���\§a!d�`^a6�j\&]<d a6c(]Sa6fL�b]�_j`(d�`(k2e!d�`QZR]§c�a!fLfje6]¢c(d�`�a.]�`QZufj\&] a6fjc�`�\��

4.1.2.4 StaticMemberClass(
?!Ù�Þ!Ù�ï10r0"Ý�Þ1?1?

)Â \&] a!]�ZRczi0`(i��C`(d*c(�#a!\<\�ZR\�{!q�w���oCtupT�0p�qLç�{6ç²w,æ!q�æVU^{ ë {6ç�{bçXW ojpTs
tRæ�å�{"tjç�æ�{�å�tR{!~ ~���»�_j`�f�c(e"i0��a.d�`��z]�eQa�c(�#a!\<\���Z�]�\4c _�a.d a6c(]�`(d�ZR\&]�ZRc
ZR\�]�eb�C`0�j`���fL`���ZRfj\<Z#��`�abc��ua6\<\Qa6fL��fje6]Qa.]A]�_L`z_LZR�"_j`�\&]A�R`�¥�`��²�
t `�\<Zu�j`�\EZ�]8Zu\8fje6]Ea6c(c�`�\<\<ZR�L�R`¢�L��]�]�_jd�e"�j�"_^]�_L`5c��ua!\<\8]�_La!]E��`(��fj`�\
Z�]��

4.1.2.5 MemberClass(
0"Ý"Þ5?1?

)Â i0`�i��C`�dAc��ua6\<\QZR\b{6qsw
��o�tupT��p�qLç�{!ç²w,æ6q£æVU0{ ë {6ç�{°çXW�ojpTs�tRæ�å�{"t
ç�æ�{�å�tR{6~�~�]�ehej� t ��]z�jfL�RZR·�`�]�_j`0\&] a!]�ZRc�i0`�i��C`(d�c��ua6\<\��Ea!f�ZRfj�
\&] a!fLc�`�e6k�]�_j`�i0`�iz�C`(dzc��ua6\<\0ZR\�a6��]�e"i�a!]�ZRc�a!�R�Rg�a!\<\<ehc�Zua!]�`��Ã]�e
`�a6c _�ZRfL\&] a6fjc�`Ae6k�]�_j`�c��ua6\<\¢]�_�a.]§�j`(�LfL`�\¢Z�]��

4.1.2.6 LocalClass(
0"Ý�Þ5?1?

)Â �Rehc�a!�5c��ua6\<\�Zu\ {6q�w
��o�tupT��p�qLç�{!ç²w,æ6qÃæVU { ë {6ç�{�çXW�ojpTsQtRæ�å�{"tEç�æ
{Z��p�ç�êjæ ë � º ]SZR\�e"fj��g�¥�ZR\<Zu�j�R`^¡¢Z�]�_LZRf°]�_L`Qi0`(]�_je���]�_�a.]���`(��fj`�\
Z�]�� t `�\<Zu��`�\5]�_�a.]��jZ�]*ZR\*`�³h�jZu¥6a6�R`�fh]4]�ez]�_L`Se6]�_j`(d*c��ua6\<\¢c�e6fLc�`(�j]�\&�
��`�\<c(d�ZR�j]�ZRe6fL\��

4.1.2.7 AnonymousClass(
0"Ý�Þ5?�?

)Â f�a6fLe6fhgji0e6�L\zc��ua6\<\0ZR\°{6q£w
��oCtupT�0p�qLç�{6ç²w²æ6q�æVU { ë {6ç�{nçXW ojpTs
tRæ�å�{"t�ç�æ�{6qnp<v�o�é<p�~�~ w²æ6qL� º ]§ZR\§\<ZRi0ZR�ua!d§]�e0a��Rehc�a6�Vc��ua6\<\S�L�j]¢e6fL��g
¥�ZR\<ZR�L�R`�¡¢Z�]�_LZRf�]�_L`§`(���jd�`�\<\<ZRe6fb]�_La!]¢��`(��fj`�\�Z�]��4à�e6d�`(e!¥"`(d��ja6\*Z�]
o »�`A��eh`�\<fV¨ ]§c�e"fj\<Zu�j`(dSa6�j\&]<d a6c(]SZRfLfj`(d<��c��ua6\<\<`�\§ZRf ]�_LZR\¢��a!�C`(d��
p Â \5¡5`(�u�Fa6\¢c�e6fL\&]<d��Lc�]�e6d�\Sa6f��bZRfLZ�]�Zua6�RZR\<`(d�\��

_�a!\8fLe6]E�6e6]�a�f�a!i0`"�"Z�]Ec�a!fLfLe!]E�C`5d�`(k2`(d<d�`��z]�eAa6fL��\<e�Z�]4c�a6fjfLe6]
�C`�ZRfL_j`(d�Z�]�`����EÅ�ZRfLa6�R��g��C`�c�a6�L\<`Ae!k�Z�]�\¢\&gjfh] a!c(]�ZRc�\&]<d��Lc(]���d�`"��Z�k�Z�]
ZRi0�L�R`�i0`�fh]�\*a!f�ZRfh]�`(d<k²a!c�`"��Z�]¢c�a!f�e"fj��g�ZRi0�L�R`�i0`(f�]�e"fj`"�

4.1.2.8 StaticMemberInterface(
?.Ù�Þ6Ù�ï10�ï�ðhÙhÚ"í O Þ506Ú )Â \&] a!]�ZRc�i0`�iz�C`(dQZRf�]�`�d<k²a6c(` ZR\ {�~,ojp<å(w S�å�{6ç²w,æ!q�æVUb{ ë {6ç�{�çXW ojp

tRæ�å�{"t5ç�æs{så�tR{6~�~�� º ]0ZR\�`�³h�jZu¥6a6�R`�fh]�]�e¤a�\&] a!]�ZRc�i0`�iz�C`(d�c(�#a!\<\
¡¢Z�]�_�]�_L`�\<_�a6�C`Ae!kEa6f Zufh]�`(d<k2a6c�`6�

4.1.2.9 Arrayº ]*d�`(�jd�`�\<`�fh]�\5]�_j`�\&]<d��Lc(]���d�`�e6k��La!] aQ]�_�a.]¢_�a6\5]�_j`�\�a6i0`�f�a6i0`6�
¡¢_LZRc _�Zu\^¡5`��R����·�fLe�¡¢f£�hg¤c�e"i0�j�j]�`(dz\<c�ZR`�fh]�ZR\&]�\�� º ]�ZR\z]�_��L\ {6q
w2q ë p<vhp ë {6q ë ojp�é_�0{!qªp�qLç,è,~�wvu.p ë å�æ"t�tup�å(ç²w²æ6q°æVU�p�qLç²w2ç²w�p�~SæVUS{A|6w
^6p�q
çXW ojp�� º f�¬�­"®�­���a.d<d a�g�ZR\�a��La!d<]�ZRc��j�#a.d�c�a6\<`"�E¶Ea6c _�a!d<d a�g�ZR\4a6f�ZRf��
\&] a6fjc�`�e!k�aQ¥�ZRd<]��La6�Cc��ua!\<\Gw�d�`��jd�`�\<`(f�]�ZRfj�zZ�]�\�]�gj�C`^Ä2k2e!d¢`(�ja6i0�j�u`6�
a6f�a!d<d a�g�e!k�ZRfh]�`��"`(d�\¢ZR\§e6k�]�gj�C`Qï.ðhÙyx{zhÆ��

4.1.2.10 Primitive TypeÂ �jd�ZRi0Z�]�ZR¥�`b]�g��C` ZR\�ç�êLp�é�p�oLé�p�~(p�qLç�{6ç²w²æ6q«æVU�{ntR{6qh|6}j{�|hp°x {!~ w²å
çXW ojp�� º ]4a6�R�Re�¡¢\4`�\<\<`(f�]�Zua!�L`��R`�i0`�fh]�\8e6kL]�_L`¢a6�j�L�RZRc�a!]�ZRe6f�]�e��C`*�j`��
\<c(d�ZR�C`��ª�5�Cehe"�R`�a!fL\��Cc _�a.d a6c(]�`�d�\��C�hg�]�`(\��L\<_je6d<]�\��CZRfh]�`��"`�d�\����Re"fj�"\��
|�e"a!]�\��5a6f����je6�L�j�u`(\�� ¾ `(]0�j\��Ce"ZRfh]0e6�j]�]�_La!]�`�a6c _Ã�jd�ZRi0Z�]�ZR¥�`
]�g��C`���`�\<c(d�ZR�C`�\�a°¥6a6�R�L`�a!f���fje6]�a6fse"���&`(c(]0a!f��n]�_�a.]�a�c(�#a!\<\
`(��ZR\&]�\*]�e�d�`��jd�`(\<`�fh]S`�a6c _�e6k�]�_j`�i��8ÅLe!dS`��La!i0�L�R`"��]�_L`�}�ðhÙhÚ�BhÚ6í
c��ua6\<\Sa6�R�Re�¡¢\S]�e�c(e"fL\<Zu��`(dSa6f�ï.ð�Ù�a6\§a6f�e6����`�c(]��

4.1.3 ConstraintsbetweenJava
W*X�Y

-Components©5_L`§\<`�i�a!f�]�ZRc�\4e6kª]�_L`^W*X�Yª��c(e"i0�Ce"fj`�fh]�\�a!�R�ue�¡¢\5]�eQa!fL\&¡5`�d5]�_L`
³h�L`�\&]�ZRe6f7~�»[_LZRc�_^c�e6fLc�`���]�\&���j`�\<c(d�ZR��]�Zue6fL\Ea!d�`�¥"a!�uZu�za6\�\<e"��d�c�`5e!d
a6\z] a!d��"`�]�e6kS`�a!c�_�c�e6fLc�`���]�\&�,d�`��ua!]�ZRe"fj\<_LZR�L\_���j��©Fe��Lf���`(d�\&] a6fL�
]�_L`��jd�e"�j�R`�iÀ�C`(]<]�`(d���]�_L`�k�e"�R�Re�¡¢Zufj����`(��fjZ�]�Zue6f�c�a!f��C`��j\<`(k2�j�,�

¹ ©5_L`0\<e"��d�c�`�e6kSa d�`��ua.]�Zue6fL\<_jZu��ZR\Q]�_L`��j`(\<c(d�ZR�j]�ZRe"f�¡¢_jZuc _
�j`�c��ua.d�`�\A]�_L`�d�`��ua.]�Zue6fL\<_jZu���b©5_LZR\^�j`�\<c�d�Zu��]�ZRe"f�ZR\A]�_L`ze"fL`
]�_�a!]�fL`�`���\�]�_L`z\<`(d�¥�ZRc�`"��©5_L`(d�`�c�a6f��C`�\<`�¥�`�d a6�8\<e"��d�c�`�\��
a6\�ZRfs]�_L`��.��Y�a6\<\<ehc(Z#a.]�ZRe"fV�5`�¥�`�f�Z�k�Z�]�Zu\�³��jZ�]�` a°d a!d�`
c�a6\<`"�

¹ ©5_L`Q] a!d��"`�]Ae6k�a�d�`(�#a.]�ZRe"fL\<_jZR�¤ZR\�]�_j`���`�\<c(d�ZR�j]�ZRe"f�³h�Le!]�`��
��gs]�_j`°\<e"��d�c�`�¡¢_L`�fÃ�j`�c(�#a.d�ZRfL��]�_L` d�`��ua!]�ZRe"fj\<_LZR�V�«©5_L`
] a!d��"`�]��jd�e.¥�Zu�j`�\�]�_L`E\<`(d�¥�Zuc(`"� º ]FZR\��Ce"\<\<ZR�L�R`�]�e*�Lf��A\<`�¥�`(d a!�
] a!d��"`�]�\���ZR]�ZR\4i0e!d�`¢k#d�`�³h�L`�fh]E]�eA��f��z\<`�¥�`(d a!�L] a!d��6`(]�\4]�_La6f
\<`�¥�`(d a!�V\<e6�jd�c�`�\^Ä2k2e!d§`(�ja6i0�L�R`"�8iz�L��]�ZR�L�R`�ZRfL_j`(d�Z�] a6fjc�`.Æ��

Â \^k²a.dba6\�ZRi0�Ce6d<]�c�e"fjc�`���]�\&��d�`(�#a.]�ZRe"fL\<_jZR�L\0a.d�`�c�e6fLc�`(d�fj`����E¡5`
c�a!f�i0`�fh]�ZRe"f�k2e"�R�Re�¡¢ZRfL�bc�e"fj\&]<d a6ZRfh]�\��jk�e6dS`(�ja6i0�L�R`"�

¹�º ]EZR\�ZRi0�Ce"\<\<ZR�L�R`*k2e!d5�C`(]�¡5`�`(f0c��ua6\<\<`�\5ZRfj_L`(d�Z�] a6fjc�`*]�eA_�a�¥�`
a6\A] a!d��6`(]�a!f���\<e"�jd�c(`�a6f�ZRfh]�`(d<k²a!c�`�e6dza�\&] a.]�Zuc�i0`�iz�C`(d
Zufh]�`(d<k2a6c�`6�^ÅL�jd<]�_j`(d�i0e6d�`"�Ca6fLe6fhgji0e6�L\Sc��ua6\<\<`�\Ac�a!fLfje6]A�C`
] a!d��"`�]�`����hgb\<�Lc _�a6f�Zufj_L`(d�Z�] a!fLc�`"�

¹ ©5_L`��C`(]�¡5`�`(f�ZRfh]�`(d<k²a!c�`�\¢ZRfL_L`�d�ZR] a!fLc�`�Zu\§a!�L�L�RZR`��b�C`(]�¡�`�`�f
Zufh]�`(d<k2a6c�`(\zÄ2¡¢_j`(]�_L`(d*]�_j`(g a!d�`A\&] a.]�ZucQi0`�iz�C`(d5e!d§fLe6]�Æ��

¹ ©5_L`nc(e"fLc�d�`(]�ZR\�a!]�ZRe"f�iz�L\&]b] a6·�`¤�L�ua6c(`��C`(]�¡�`�`�f«a6f«a6���
\&]<d a6c(]§c��ua6\<\Sa6fL��a�fje"f���a!�L\&]<d a!c(]§c��ua6\<\��

¹ Å�ZufLa6�R��gh�h]�_L`§ZRi0�L�R`�i0`�fh] a!]�ZRe6f0Zu\5aQd�`��ua.]�Zue6fL\<_jZu��¡¢_LZRc _ba6���
¡*a�g�\¢] a.d��"`(]�\§e"fj`�e6dS\<`�¥�`�d a6��Zufh]�`(d<k2a6c�`(\zÄ2¡¢_jZuc _L`(¥�`(d*]�_L`�g
a!d�`.Æ*a6fL��a�c(�#a!\<\zÄ2¡¢_jZRc�_j`�¥�`(d§Z�]¢ZR\ Æ��

w ©5_jZR\Sc��ua!\<\���eh`�\¢fLe6]§`(��ZR\&]¢�L��]¢`�¥�`(d<g�]�_jZufj���6eh`�\�a!\¢ZRk8Z�]§��Z#�ª�



©5_j`s\�a6i0`�]�gj�C`ne6k0c�e6fL\&]<d a!Zufh]�\�ZR\�k�e"�jf��«k�e6d��L\<`sc�e6fLc�`(�j]�\&�
d�`(�#a.]�ZRe"fL\<_jZR�L\��4Í�`(d�`Qa.d�`Qazk2`(¡«`(�ja6i0�j�R`�\*e6k�Z�]��

¹ ©5_L`�a6�"�!d�`���a.]�ZRe"f¦i�a�g�_�a�¥�`na6\�a�\<e"�jd�c(`sa6�R�^·�ZRfL�j\�e!k
c��ua6\<\<`(\0a6fL��e6fL��gn]�_j`�i�� Â \Qk2e!d�]�_j`�] a.d��"`(]�\��E]�_L`�d�` a.d�`
a6�R\<e�]�¡5e�·�ZRf���\*e6k8ZRfh]�`(d<k²a!c�`"�

¹ ©5_L`Ac(�#a!\<\�a!�"�!d�`���a.]�Zue6f�_�a6\*]�_j`�\�a6i0`Ac�e6fL\&]<d a!Zufh]�\§a6\*]�_j`
a6�6�6d�`��"a!]�ZRe"f��

¹ ©5_L`¤c�e"i0�Ce6\<Z�]�Zue6f«d�`�\<`(i��L�R`�\ ]�_L`�a!�"�!d�`���a.]�Zue6f��L��]�]�_j`
e"fj��g��Ce6\<\<Zu�j�R`Q] a.d��"`(]§ZR\§a��jd�ZRi0Z�]�ZR¥�`�]�gj�C`6�

¹ »�`0\<_je"�j�#�na6�L�j��g�]�_j`0\�a6i0`0c�e6fL\&]<d a!Zufh]�\Ak2e!d�c(�#a!\<\�c�e6i��
�Ce"\<Z�]�ZRe"f�a!f��bc�e"i0�Ce6\<ZR]�ZRe6fV�

4.2 OFL definition of Java©5_j`S\<`(i�a6fh]�ZRc�\4e!kC]�_L`S¬�­"®�­�¨ \�c�e6i0�Ce"fj`�fh]�\E_La"���C`�`(f��j`�\<c(d�ZR�C`��
a!�Ce.¥�`"� ©5_LZR\Q\<`�c(]�ZRe"f�a!ZRi0\�]�e�\<_Le�¡ _Le�¡ ]�_L`(g¤a.d�`��j`(�LfL`���Zuf
W*X�Y8�

º fze!d �j`(d�]�eSc(d�`�a.]�`5fL`(¡ÁW*X�Yª��c�e"i0�Ce6fL`�fh]�\���]�_L`4i0`(] a!����d�e"�6d a!i��
i0`�dzfj`�`���\^]�e°¥6a6�R��a.]�`0]�_L`0��a.d a6i0`(]�`�d�\ze!k§]�_j`�W*X�Y���c�e6fLc�`���]�\
a!\<\<ehc�Zua!]�`��b]�e^]�_j`�i��F»n`��jd�e.¥�Zu�j`§ZRfb]�_j`§k�e"�R�Re.¡¢ZRfj��]�_L`S��a!d a!i��
`�]�`(dQ¥"a!�R�L`�\Aa.]<] a6c _L`���]�eb]�¡5e e6k5]�_j`i��a�¥6a¤W*X�Yª��c(e"i0�Ce"fj`�fh]�\��
e6fL`bc�e"i0�Ce6fL`�fh]<�,d�`��ua!]�ZRe6fL\<_LZR��Ä2]�_L`�ZRi0�L�R`�i0`(f�] a.]�ZRe"fCÆAa!f��se"fj`
c(e"i0�Ce"fj`�fh]<���j`�\<c(d�ZR��]�Zue6fÃÄ2]�_j`0a6�j\&]<d a6c(]^c��ua6\<\ Æ���»�_jZR�u`�d�`�a"�jZRfj�
]�_j`�¥6a6�R�L`�\�e6k0W*X�Yª��c�e"i0�Ce6fL`�fh]��La!d a!i0`(]�`(d�\�]�_L`bd�`�a"��`(d�i�a�g
d�`�k2`(d§]�e�]�_L`�c�e6d<d�`�\<�Ce6f���Zufj����a.d a6�!d a6�L_°ZRf \<`�c(]�ZRe"f°×��uÈ6�

4.2.1 TheOFL-component
}(Û�Ü�Ý"Ú�ÛLÚ6ð�Ù�Þ6Ù�ï"ó.ð

J�`(e"�L�R`Ei�a�g���Zu\&]�ZRfj�"�LZR\<_�0"ó�Û�Ü�ó!ð�Ú6ð�Ù�?�46íhÚ�Ý�Þ6Ù�ï"ó.ð>?�/jï.Ü�?�e!kja¢�ua!fj�
�6��a!�"`��L\<ZRfL�¤]�_L`��La!d a6i0`�]�`(dA��Þ�ÛLÚj�«ÅLe!d�]�_LZR\�c�e"i0�Ce6fL`�fh]0Z�]�\
¥6a6�R�j`§ZR\E}(Û�Ü�Ý"Ú�ÛLÚ6ðhÙ�Þ!Ù�ï"ó!ð��5©5_L`¢·�ZRf���e6kªd�`��ua.]�Zue6fL\<_jZu�j\5ZR\Ed�`(c�e6d<�
��`���¡¢Z�]�_LZRfA]�_L`8��a.d a6i0`(]�`(d��jï.ð�îS¡¢_LZRc _QZu\V\<`(]F]�e�ï(Û�Ü�ó6í�Ù§k2e6dF]�_LZR\
c(e"i0�Ce"fj`�fh]��¢W*X�Yna!�R�ue�¡¢\¢]�e�i0`�fh]�ZRe"f�Ä²��a.d a6i0`(]�`�d§ìhó!ðhÙhÚ R�Ù�Æ5Z�k
aQc�e6i0�Ce"fL`(f�]4ZR\5\<�C`�c�Z��LcS]�eza^�ua6fj�"�La6�"`Se6d*Z�kVZ�]*�C`��Re"fj�"\�]�eza^�RZ��
��d a!d<g^e6kLc�e"i0�Ce6fL`�fh]�\_�!�F»�`5a.d�`¢�j`�\<c�d�Zu�jZRfL��a¢d�`��ua!]�ZRe"fzk2e6d�¬�­"®�­��
ì�ó!ðhÙhÚ�R"Ù�ZR\A\<`(]A]�e�Ý�Þ!ð5B 2�Þ BhÚj�Z}(Û�Ü�Ý"Ú�ÛLÚ6ðhÙ�Þ!Ù�ï"ó!ð¤ZR\zabi��j�R]�ZR�j�u`
d�`(�#a.]�ZRe"fL\<_jZR��a6fL�n¬"­�®�­��jeh`�\Afje6]A�RZRi0Z�]�]�_L`zf��Li��C`�d�e!k�] a!d��6`(]<�
��`�\<c(d�ZR�j]�ZRe6fL\5\<eA]�_L`¢�La!d a6i0`�]�`(d5ì�Þ6í�î�ï.ð�Þ�Ýhï!Ù�ñ�Zu\4\<`(]�]�e�È������"�

©5_j` �La!d a!i0`(]�`(d 9 Ú6Ü�Ú"Ù�ï.Ù�ï"ó!ðsZRfL�jZRc�a!]�`(\�Z�k�a���ZRd�`(c(]�d�`��C`�]�ZR]�ZRe6f
ZRf�]�_j`A\<e"�jd�c(`�\�a!f����!e6d§] a!d��6`(]�\�e!k�]�_L`�d�`��ua.]�Zue6fL\<_jZu��ZR\Sa6�R�Re.¡�`����
Â c�c�e!d �jZRfL��]�ez]�_L`A��a.d a6i0`(]�`�d§ìhÞ6í�î�ï�ð�Þ�Ýhï!Ù"ñL��¡5`Qe6fL��gbc�e"fj\<Z#��`(d
e6fL`z\<e"�jd�c(`^k�e6d�]�_j`P}(Û�Ü�Ý"Ú�ÛLÚ!ðhÙ�Þ6Ù�ï6ó!ð°d�`��ua!]�ZRe"fj\<_LZR��e6k5¬�­"®�­h�ª\<e
]�_j` 9 Ú6ÜhÚ"Ù�ï!Ù�ï6ó!ð�k2e6db\<e6�jd�c�`°ZR\�fLe!]ba6�L�j�RZuc�a6�L�R`"�«à�e!d�`�e.¥�`(dbZ�]
��eh`�\Ffje6]Fi�a6·�`�\<`�fj\<`4]�e*ZRi0�L�R`�i0`(f�]�\<`�¥"`(d a6��Zu��`�fh]�Zuc�a6��ZRfh]�`(d<k²a!c�`�\
a!f���ZR]�Zu\�k�e6d��jZ#�j�j`�f¤ZRf7��a�¥6a���©5_��j\��V]�_jZR\���a.d a6i0`(]�`(dQZR\A\<`(]A]�e
O ó6í�:jï!î"îhÚ6ðbk2e6d¢] a.d��"`(]�\��

©5_j`���a.d a6i0`(]�`�dQì�ï!í�0�2�Ý�Þ6í�ï.Ù�ñ°d�`�c�e6d ��\QZRk�Z�]QZu\A�Ce6\<\<ZR�L�R`�]�e �6`(]
c�gjc(�u`(\b]�_La6fL·�\�]�e�]�_jZu\0d�`��ua.]�Zue6fL\<_jZu�¦Ä2]�_La!]bi0`�a!fL\�]�e��C`�a!�L�R`
]�e�Zui0�Ce!d<]z�jZ�d�`�c(]���g�e6dzfLe!]A]�_L`0\<e"��d�c�`0e6k*]�_j`�d�`��ua!]�ZRe6fL\<_LZR�sZ�]<�
\<`(�Rk�Æ�� º f£¬�­"®�­��Ec(g�c��R`�\�a!d�`�fje6]�a6�R�Re.¡�`��sk2e6dZ}(Û�Ü�Ý"Ú�ÛLÚ6ðhÙ�Þ!Ù�ï"ó!ð
a!f���ìhï!í�0�2�Ý"Þ6í�ï!Ù�ñbZR\S\<`�]§]�e O ó6í�:jï.î�îhÚ6ð��¢¯S]�_L`(d¢�Ce6\<\<Zu�j�R`^¥6a6�R�j`
ZR\�Þ�Ý�Ý�ó�Q�Ú"îL�
� Â c�c�e!d �jZRfL� ]�e ]�_L`�¥"a!�u�j`0e6k5]�_jZR\^�La!d a!i0`(]�`(dQZ�]^Zu\Q�Ce6\<\<Zu�j�R`�]�e
ZRfjc��R���j`�e!d�fLe!] a"�L��Z�]�Zue6f�a!��ZRfjk2e!d�i�a!]�ZRe"f�e!d�a!\<\<`(d<]�ZRe"fL\ ¡¢_LZRc�_
ZRi0��d�e!¥"`0W*X�Y���c�e6i0�Ce"fL`(f�]�¨ \5c(e"fL\<ZR\&]�`�fjc(gh�
� ÅLe6d*c(�#a!\<\<ZRc�a6�Ve"���&`�c(]<��e!d�Zu`(f�]�`�� �ua6fj�"��a!�"`�\¢e6fL`�d�`��ua.]�Zue6fL\<_jZu� ZRfj�
¥"e"�R¥�`�\Qe"fj��g¤e6fL`0\<e6�jd�c�`�a!f��¤e6fL`0e!dQ\<`�¥�`(d a!�4] a!d��6`(].Ä²\ Æ��Qe"fj`0Z�k
]�_j`�d�`��ua!]�ZRe6fL\<_LZR�°ZR\¢\<ZRi0�L�R`Aa6fL� \<`�¥"`(d a6��Z�k�Z�]SZR\§a�iz�L��]�ZR�L�R`�e6fL`"�

©Fe�\<`(]0]�_L`b��a.d a6i0`(]�`�dZ�6ñ.Û�ÛjÚ"Ù�í�ñ�]�e�Ù�í�2�Ú�¡5e6�L�u�£i0`�a!fs]�_�a!]
Z�k*ab�j`�\<c�d�Zu��]�ZRe"f�e6kE]�g��C`�ì�Ý�Þ5?1?be!d$��:>?.Ù�í�Þ50!Ù�ì�Ý�Þ5?1?bfLa6i0`����
ZRi0�L�R`�i0`�fh]�\4a6fje6]�_L`�d*�j`(\<c(d�ZR�j]�ZRe"fbe6k�]�g��C`�}.ðhÙhÚ"í O Þ506Ú�fLa6i0`����
]�_L`(f�]�_L`E��ZRi0�j�u`(i0`�fh]�\��L� º ]4ZR\�i0`�a!fLZRfL�6�R`�\<\�\<eQ]�_�a.]E�6ñ�Û�ÛLÚ"Ù�í"ñ
ZR\¢\<`(]¢]�e O Þ�Ý5?!Új�

©5_L`^��a.d a6i0`(]�`�d$�!Ü"Ü�ó5?�ï!Ù�Ú��jd�e.¥�Zu�j`�\^Ä²Z�k�a!fhg�Æ5]�_L`^f�a!i0`Ae6kE]�_L`
e"�j�Ce"\<Z�]�`*d�`��ua!]�ZRe"fj\<_LZR�Vô�e!]�_L`(d<¡¢ZR\<`§ZR]EZR\E\<`(]4]�e�ð�ó!ð�Új�EÅLe!d4a�\&gji��
i0`(]<d<g�d�`��ua!]�ZRe6fL\<_LZR���S]�_j`�e6�L�Ce6\<ZR]�`�ZR\ ]�_j`�d�`��ua!]�ZRe"fj\<_LZR��Z�]�\<`���k��
©5_L`bZRi0�L�R`�i0`�fh] a.]�Zue6fs_�a!\�fLe�e6�L�Ce"\<Z�]�` Zuf£¬�­"®�­°a6f���]�_jZu\z��a.�
d a6i0`�]�`(d¢ZR\S\<`(]*]�ezð�ó!ð�Új�

©5_L` ��a.d a6i0`(]�`(d��jï!íhÚ<0.Ù Þ5010!Ú<?1?¤\<�C`�c�Z��L`�\�Z�k�]�_j`bd�`��ua.]�Zue6fL\<_jZu�
�jd�e.¥�Zu�j`�\Ea���Z�d�`�c(]�a6c�c�`(\<\E]�e�]�_j`5k2`�a.]��jd�`�\Ee6kC]�_j`�] a!d��6`(]<���j`�\<c�d�Zu���
]�ZRe"fnk#d�e"il]�_L`0\<e6�jd�c�`�����`�\<c(d�ZR�j]�ZRe6fV� t `�c�a!�L\<`�]�_L`�] a.d��"`(]�\^e6k§a
}(Û�Ü�Ý"Ú�ÛLÚ6ð�Ù�Þ6Ù�ï"ó.ð�d�`(�#a.]�ZRe"fL\<_jZR�Ãa.d�`�e"fj��gr}�ðhÙhÚ"í O Þ506Ú<?��5a6�R�*]�_L`
k2`�a!]��jd�`(\^e!k5]�_L`^] a!d��6`(]<���j`�\<c(d�ZR��]�Zue6fsa!d�`0Þ�:>?!Ù�íhÞ50!ÙL�8a!f��°]�e°a6c��
c�`�\<\�]�e�]�_L` ] a!d��"`�]<����`�\<c(d�ZR�j]�ZRe6f[k2`�a.]��jd�`�\ _�a6\�fje�i0`�a6fjZRfL��\<e
]�_�a.]E�jï!íhÚ50!Ù Þ5010!Ú<?1?�\<_Le6�L�u���C`�\<`(]¢]�e O ó6í�:jï!î"îhÚ6ð<�h�

©5_L`*�La!d a!i0`(]�`(d�}.ðhî�ï!íhÚ<0!Ù Þ50106Ú<?�?�i0`�a6fL\�]�_La!]Ea!f�gza!c�c�`�\<\8]�e�a
k2`�a!]��jd�`§e6kª]�_j`5] a!d��"`�]<����`�\<c(d�ZR�j]�ZRe6f�k#d�e"i ]�_L`¢\<e"��d�c�`(���j`(\<c(d�ZR�j]�ZRe"f
\<_Le6�L�u���C`5�C`�d<k2e6d�i0`��^]<d�e"�j�"_^]�_L`5] a!d��6`(]<���j`�\<c�d�Zu��]�ZRe"f�Z�]�\<`���k8Ä²Z²� `"�
]�_L`b] a!d��6`(]<��c��ua6\<\0i��j\&]��C` \<�C`�c�Z���`��LÆ���ÅLe6d�]�_L`�\�a!i0`bd�`�a6\<e"fj\
a6\^k2e!d��jï!í�Ú<0!Ù Þ10106Ú<?1?h�E]�_jZR\���a.d a6i0`(]�`�dzZR\z\<`(]z]�e O ó6í�:jï!î"îhÚ6ð��
J�e"\<\<ZR�j�u`Q¥6a6�R�L`(\Sa.d�`§Û�Þ!ðhîhÞ6Ù�ó6í�ñj��Þ�Ý�Ý�ó�Q�Ú"îba6fL� O ó6í�:�ï!î�îhÚ6ð

©5_L`4��a.d a6i0`(]�`(d���ó�Ý6ñ.ÛLó6í"Ü1/jï�?(Û î�ï!íhÚ50!Ù�ï"ó!ð^a!f���]�_L`4��a.d a6i0`(]�`(d
��ó�Ý!ñ.Û�ó6í"Ü�/jï1?(Û�a.d�`S\<�C`�c(ZR�LcS]�eQZRi0�Ce6d<]Ed�`��ua!]�ZRe"fj\<_LZR�L\���©5_L`¢�Ld�\&]
ZRf���Zuc�a!]�`�\¢Z�k�]�_L`Sd�`��ua!]�ZRe"fj\<_LZR�°_�a!f��j�R`�\*�Ce6��gji0e!d��L_jZu\<i �C`(]�¡�`�`�f
\<e"��d�c�`�a6fL��] a.d��"`(]�\^a6fL��¡¢_j`�fnZ�]^ZR\A�L\<`(k��L�EZufL�jZRc�a.]�`�\^a6�R\<e�]�_L`
�jZ�d�`�c�]�Zue6f�Ä²�Ce"\<\<ZR�j�u`¢¥6a6�R�L`(\4a.d�`+2�Ü��hîhó�Q�ð��1:�ó6Ù�/^a6fL�zð�ó!ðhÚhÆ��8©5_L`
\<`�c�e6f��nd�`�c(e6d �j\^_Le�¡ ]�_L`�d�`��ua!]�ZRe6fL\<_LZR��_�a!f����u`(\zfLa6i0`�c�e6f>|LZuc�]
¡¢_L`(f¤]�_L`^�Ld�\&]Qe6fL`0a!�u�Re�¡¢\^\<e"i0`��Ce6��gji0e!d��L_jZu\<i���©�¡5e��Ce"\<\<Z��
�LZR�RZ�]�ZR`�\Ea!d�`*�jd�e6�Ce"\<`��ª��a¢k2`�a.]��jd�`AÄ2¡5`5�jZR\&]�ZRfL�"�jZR\<_�a!]<]<d�ZR�j�j]�`*a!f��
i0`(]�_je��j\ Æ�e!kj]�_j`�\<e6�jd�c�`(����`�\<c(d�ZR�j]�ZRe"fQ¡¢_LZRc _z_La6\F]�_j`4\�a!i0`4fLa6i0`
ZRf[]�_L`�] a!d��6`(]<���j`�\<c(d�ZR��]�Zue6f�i�a�g£_LZu��`�e!d�e.¥�`(d<d�Zu��`�]�_j`��ua.]<]�`(d��
Â c(c�e6d ��Zufj��]�e�]�_L`�d�`��ua.]�Zue6fL\<_jZu���C`�ZRfj���j`(�LfL`��ª�¢a6�R��ZRfL\&] a!fLc�`(\
e6kA]�_j`�\<e"�jd�c(`(���j`�\<c(d�ZR��]�Zue6f�a!d�`�a6�R\<e�ZRfL\&] a!fLc�`�\be6kA]�_j`�] a!d��6`(]<�
�j`(\<c(d�ZR�j]�ZRe"fna6f�����ó"Ý6ñ.Û�ó6í6Ü1/jï1?(Û î�ï!íhÚ<0!Ù�ï"ó!ð�ZR\A\<`(]�]�eA2�Ü��D��ó14
Ý6ñ.ÛLó6í"Ü1/jï�?(Û�ZR\Q\<`(]Q]�e�ó b�Ú"í�í�ï!î�ï.ð5B°k2e!d��Ce!]�_�a!]<]<d�ZR�j�j]�`�\�Ä²e"fj��g
c�e6fL\&] a6fh]Sa!]<]<d�ZR�j�j]�`�\§a!d�`Qa!�R�ue�¡�`���Æ¢a6fL� i0`(]�_je��j\��

©5_L`��La!d a6i0`�]�`(d�8�ÚhÞ6Ù�2hí�Ú b�Þ6í�ï"Þ!ð>06Ú�ZR\z\<�C`�c(ZR�Lcb]�e°ZRi0�Ce!d<]^d�`��
�ua!]�ZRe"fj\<_LZR�L\�� º ]A�"ZR¥�`(\�]�_L`�·�ZRf���e6k*¥6a!d�Zua!fLc�`0a!\<\<ehc�Zua!]�`��n]�eb]�_L`
��a.d a6i0`(]�`�d�\ e!kQi0`(]�_Le���\��5]�e�]�_L`�d�`�\<�j��]�e!kAk2�Lfjc(]�ZRe"fj\�a!f��£]�e
]�_L`�a.]<]<d�ZR�L�j]�`(\���¡¢_L`�f�a�k2`�a.]��jd�`�ZR\^d�`���`(��fj`�����´�`�¥�`(d a!��¥6a6�R�L`�\
a!d�`�a�¥6a6ZR�ua6�L�R`"�¤ð�ó!ð5bhÞ6í�ï"Þ!ð�Ù«Ä²fj`(¡¸]�g��C`°i��j\&]��C`�]�_L`°\�a6i0`�Æ��
0"ó bhÞ6í�ï"Þ!ð�Ù�Ä²fL`�¡¤]�gj�C`8iz�L\&]ª�C`Ea¢�j`�\<c�`(f��La!fh]�Æ�� 0"ó!ðhÙ"í�Þ b�Þ6í�ï"Þ!ðhÙ
Ä²fL`�¡¦]�g��C`�iz�L\&]A�C`�a6f�a!fLc�`(\&]�e6d�ÆAa6fL��ð�ó.ð Þ!Ü�Ü�Ýhï10"Þ�:�Ý"Új�bÅLe!d
]�_LZR\Ed�`��ua!]�ZRe"fj\<_LZR��8�ÚhÞ6Ù�2hí�Ú b�Þ6í�ï6Þ!ð>06Ú�ZR\4\<`(]�]�eQð�ó!ð5bhÞ6í�ï"Þ!ð�Ù�k2e!d
i0`(]�_je�� ��a.d a6i0`(]�`�d�\��jd�`�\<�j��]¢e6k�k2�jfLc(]�ZRe6fL\§a6fL��a!]<]<d�ZR�j�j]�`�\�� I{�

Â fje6]�_j`(d�\<�C`�c�Z��Lc���a.d a6i0`(]�`�d�e6kLZui0�Ce!d<]Fd�`��ua.]�Zue6fL\<_jZu�j\8Zu\���?1?6Ú"í54
Ù�ï"ó.ð b�Þ6í�ï"Þ!ð>06Ú�� º ]b�"ZR¥�`(\b]�_j`�]�g��C`�e6kA]�_j`°¥"a.d�Zua6fLc(`�k�e6db]�_L`
a6\<\<`�d<]�Zue6fL\�¡¢_L`�fÁ]�_L`(d�`nZu\�a£d�`��j`(�LfLZ�]�ZRe"fV�l©5_L`(d�`�a.d�`�]�_jd�`�`
·�ZRf��j\Qe!k¢a6\<\<`(d<]�ZRe6f��^ZRf�¥"a.d�Zua6fh]�\�����d�`�c�e"fL�jZ�]�ZRe"fj\�a!f��¤�Ce6\&]�c�e"f��

��©5_j`¤d�`�a6�j`(d�\<_Le6�L�u���C`¤a�¡5a!d�`ne!kz]�_j`�c�a6\<`¤e6kzc�e"fj\&] a6fh]°a.]<�
]<d�ZR�L��]�`�\5]�_�a.]*i�a�g��C`��j`���fL`���¡¢Z�]�_LZRf�a6f�ZRfh]�`(d<k2a6c�`"�SW*X�Y�i�a�g
_�a!f����u`b]�_LZR\�c�a!\<`�fLe!]�]<d�e"�j�"_���a.d a6i0`(]�`(d�¥"a!�u�j`�\�Ä²Z�]0ZR\0\<e"i0`��
]�_LZRfj��]�e�\<�C`�c�Z��Lc.Æz�L��]�¡¢Z�]�_£a��6`�fL`(d�ZRc i0`�c�_La6fjZu\<i ��a!\<`���e"f
:�Ú O ó6íhÚ5��Þ O ÙhÚ"í�d�e"��]�Zufj`�\¢ZRfLc��R����`���ZRf ]�_j`�W*X�YE¨ \§a6c(]�ZRe6fL\��
I{� ½ `�i0`�iz�C`(d5]�_La!]S¬�­"®�­��jZR\<�Ce"\<`(\Se!k�e.¥�`(d��Re�a6�jZRfL�0c�a!��a!c�Z�]�gh�



��Z�]�Zue6fL\��«´�`�¥�`(d a!�§¥6a6�R�j`�\�a!d�`°a�¥6a6ZR�ua6�j�u`6�h?.Ù�íhÚ6ð5B"Ù�/�Ú6ð�Ú6î«Ä²fj`(¡
a!\<\<`(d<]�ZRe"f�i��j\&]S�C`^\&]<d�e"fj�"`(d�Æ���QhÚhÞ���Ú6ðhÚ"înÄ²fj`(¡�a!\<\<`(d<]�ZRe"f�i��j\&]
�C`¢�RZR�"_h]�`(d�Æ��12"ð>0�/�Þ!ð1BhÚ"îbÄ,a6\<\<`(d<]�ZRe"f�iz�L\&]8fLe!]E�C`§i0e���Z���`��LÆ�a6f��
ð�ó!ð Þ!Ü"Ü�Ýhï10"Þ�:�Ý"Új�5ÅLe6d*]�_jZu\5d�`(�#a.]�ZRe"fL\<_jZR����?1?6Ú6í�Ù�ï"ó!ð b�Þ6í�ï"Þ.ð>06Ú
ZR\S\<`(]S]�e0ð�ó.ð Þ!Ü�Ü�Ýhï10"Þ�:�Ý"Úbk�e6dAa!�R�F]�g��C`�\§e6kEa!\<\<`(d<]�ZRe"fL\��C`�c�a6�j\<`
\<�jc�_ k2`�a.]��jd�`AZR\¢fLe6]§��d�`�\<`�fh]¢ZRf���a�¥"a��

©5_j`¢��a!d a!i0`(]�`(dy��î�î�ï.ð5B^ZufL�jZRc�a.]�`�\�Z�kC]�_L`5d�`(�#a.]�ZRe"fL\<_jZR� a!�R�ue�¡¢\�]�e
a6�L� k�`�a!]���d�`�\¢ZRf�]�_L`A\<e6�jd�c�`(����`�\<c(d�ZR�j]�ZRe"f�� º f��"a.¥6a�Z�]§ZR\Sa!�R�ue�¡�`��
k�e6dY}�Û�Ü�Ý"Ú�ÛjÚ6ðhÙ�Þ6Ù�ï"ó!ð���\<e*]�_�a.]���î"î�ï.ð5B�ZR\�\<`�]F]�e�Þ�Ý�Ý�ó�QhÚ"îL�E¯S]�_j`(d
�Ce6\<\<ZR�L�R`Q¥"a!�u�j`�\§a!d�` O ó!í�:jï!î�î�Ú6ð�a!f���Û�Þ!ðhî�Þ!Ù�ó6í�ñL�

©5_j`��La!d a6i0`�]�`(d 9 Ú�Û�ó b�ï.ð1B�ZRf��jZRc�a.]�`�\5Z�kVZR]5Zu\5a6�R�Re.¡�`��0]�e^d�`�i0e.¥�`
k�`�a!]���d�`�\�k�d�e"i ]�_j`n] a!d��6`(]<���j`�\<c(d�ZR��]�Zue6f�]<d�e"�j�"_õ]�_jZu\°d�`��ua.]�Zue6fj�
\<_jZR�V� º fh��a�¥6a�Z�]^Zu\^fLe!]za6�R�Re.¡�`����8\<e�]�_La!] 9 Ú�ÛLó b�ï.ð5B�ZR\Q\<`(]z]�e
O ó6í�:jï!î"îhÚ6ð��YJ�e"\<\<ZR�j�u`§¥6a6�R�L`�\Ea.d�`¢]�_j`*\�a6i0`¢a!\E]�_je"\<`*e6ky��î"î�ï.ð5BL�

©5_j`z�La!d a!i0`(]�`(d 9 Ú6ð�Þ(ÛCï.ð5Bbd�`�c�e6d ��\�Z�k8Z�]�ZR\S�Ce"\<\<ZR�L�R`Q]�e�d�`�f�a!i0`
k�`�a!]���d�`�\�ZRf�]�_j`^\<e6�jd�c�`�����`�\<c(d�ZR�j]�ZRe6fV� º f���a�¥"a�Z�]SZu\SfLe!]�a!�R�ue�¡�`��
¡5a!]�_�¨ `(¥�`(d*ZR\4]�_j`§d�`(�#a.]�ZRe"fL\<_jZR�V� 9 Ú6ð�Þ(ÛCï.ð5B�ZR\5\<`�]�]�e O ó6í�:�ï!î�îhÚ6ðL�
J�e6\<\<ZR�L�R`z¥6a6�R�j`�\¢a!d�`�]�_j`A\�a6i0`Aa!\¢]�_je"\<`Ae!k��"î�î�ï.ð5Bj�

©5_j`��La!d a6i0`�]�`(d 9 Ú"îhÚ O ï�ðjï.ð5B°ZRf���ZRc�a!]�`�\S¡¢_L`(]�_j`(d�Z�]�ZR\��Ce6\<\<ZR�L�R`
e!d�fLe!]�]�e*d�`��j`���fL`4a6\<\<`�d<]�Zue6fL\��"\<Zu�6f�a.]��jd�`"�6�Ce���gQa!f��Ai0e��jZ��L`(d.Ä²\ Æ
Ä²¥�ZR\<ZR�LZR�RZ�]�gh�j�jd�e6]�`(c(]�ZRe"fV�jc�e6fL\&] a6fjc(gh��ö�ö�öSÆ�e6k�k�`�a!]���d�`�\��4ÅLe6d§`�a!c�_
c�a!]�`��6e6d<gh�!�Ce"\<\<ZR�L�R`4¥"a!�u�j`�\Va!d�`8]�_L`8\�a6i0`Ea6\�k2e!d���î�î�ï.ð5BL� Â c�c�e!d ���
ZRfj� ]�e�}(Û�Ü�Ý"Ú�ÛLÚ6ðhÙ�Þ!Ù�ï"ó!ð��F]�_L`zd�`��j`(�LfLZ�]�ZRe"f�Zu\�ð�ó!ð Þ!Ü"Ü�Ýhï10"Þ�:�Ý"Ú
k�e6d�a6\<\<`(d<]�ZRe6fL\��ªZ�]§Zu\ O ó6í :jï!î�îhÚ!ð k�e6dS\<Zu�6f�a.]��jd�`^a6fL� i0e��jZ��L`(d.Ä²\ Æ
e!kVk�`�a!]���d�`�\�� º ]4ZR\¢Þ�Ý�Ý�ó�Q�Ú"î�Ä²�j�j]4fLe!]8Û�Þ!ð�î�Þ6Ù�ó6í"ñ�Æ4k2e!d¢aAi0`(]�_Le��
�Ce���g�Ä²ZRi0�Ce6d<]�`���k2`�a!]��jd�`(\Qa!d�`0a!�u�Ea!�L\&]<d a6c�]^a6f���i�a�g°�C`�a!\<\<e6�
c(Z#a.]�`�� ]�e0az�Ce���gbZRf�]�_L`�\<e6�jd�c�`�����`�\<c(d�ZR�j]�ZRe6fCÆ��

©5_j`���a.d a6i0`(]�`�d 6 Þ5?��Lï�ð5BsZR\��j`�a!�uZRfj�n¡¢Z�]�_£]�_L` c�a6�La6�jZu�RZ�]�g�k�e6d
aÃd�`(�#a.]�ZRe"fL\<_jZR��]�e[i�a6\<·�k2`�a.]��jd�`�\�c�e6i0Zufj�Ãk�d�e6i ]�_L`�] a!d��6`(]<�
��`�\<c(d�ZR�j]�ZRe6fV�.J�e6\<\<Zu�j�R`*¥"a!�u�j`�\8a!d�`4]�_L`�\�a!i0`5a!\�]�_Le"\<`�e6k���î"î�ï.ð5BL�
º f¤¬�­"®�­�]�_L`�}(Û�Ü�Ý"Ú�ÛLÚ!ðhÙ�Þ6Ù�ï6ó!ð�d�`��ua!]�ZRe"fj\<_LZR�n��eh`�\�fje6]�a6�R�Re.¡¦]�e
i�a!\<·�a6fhgsk2`�a!]��jd�`�e6k�] a.d��"`(]<����`�\<c(d�ZR�j]�ZRe"f�� 6 Þ1?��Lï.ð5BsZR\0\<`(]0]�e
O ó6í�:jï!î"îhÚ6ð��^©5_j`z�La!d a6i0`�]�`(d$��/�ó�Qjï.ð1B°�j`�a!�R\�`(�ja6c�]��Rg�¡¢ZR]�_°]�_j`
c(e"fh]<d a!d<gª��]�_L`�c�a!��a6�jZR�uZ�]�gs]�e�\<_je�¡ÀZRf�]�_j` \<e6�jd�c�`�����`�\<c(d�ZR�j]�ZRe6f
k�`�a!]���d�`�\°¡¢_LZRc _«_La"���C`�`�fÁ�jd�`�¥�ZRe"�j\<�Rg�i�a!\<·�`��ª� º f�]�_L`�}�ÛH4
Ü�Ý"Ú�ÛLÚ6ð�Ù�Þ6Ù�ï"ó.ð£d�`��ua.]�Zue6fL\<_jZu�£e6kA¬�­"®�­h�l��/�ó�Q�ï.ð5BsZR\�a6�R\<e�\<`(]0]�e
O ó6í�:jï!î"îhÚ6ð��

©5_j`���a.d a6i0`(]�`�dE��:>?!Ù"í�Þ50!Ù�ï�ð5B0d�`�c�e6d ��\5¡¢_L`(]�_j`(d§a^d�`(�#a.]�ZRe"fL\<_jZR�
i�a�g°\<�C`(c�Z�k�g°]�e�d�`�i0e.¥�`^]�_j`z�Ce���g°e6k�a0k2`�a.]��jd�`�e!k4]�_j`z] a!d��6`(]<�
��`�\<c(d�ZR�j]�ZRe6f¦Zuf�]�_j`s\<e"��d�c�`(���j`�\<c�d�Zu��]�ZRe"fV� ´��Lc _õc�a!��a!�LZR�RZR]�g�ZR\
O ó6í�:jï!î"îhÚ6ðbk2e6d§]�_LZR\*d�`��ua!]�ZRe6fL\<_LZR�sÄ,a!�u��i0`(]�_je��j\*e6kEa!f�ZRfh]�`(d<k²a!c�`
a.d�`�a!��d�`�a"��g�a6�j\&]<d a6c(]4i0`(]�_Le���\ Æ��.J�e"\<\<ZR�j�u`§¥6a6�R�L`�\�a!d�`*]�_L`¢\�a!i0`
a!\§]�_je"\<`Ae!kK��î�î�ï.ð1BL�

�1O1O Ú<0!Ù�ï.ð5BsZR\�`(�ja6c�]��Rgs]�_j`�e6�L�Ce"\<Z�]�` e6kP��:�?!Ù�í�Þ50.Ù�ï.ð5BL� º ]�ZRfj�
��ZRc�a!]�`�\°]�_La!]�a�\<e"�jd�c(`(���j`�\<c(d�ZR��]�Zue6fõi�a�g���d�e!¥�Zu�j`�a£�Ce���g�]�e
a!�L\&]<d a!c(]^i0`(]�_Le���\���ÅLe6dQ]�_jZu\Ad�`��ua.]�Zue6fL\<_jZu�nZR]^ZR\zÞ�Ý�Ý�ó�Q�Ú"î�Ä²�L��]
fje6]�Û�Þ!ðhîhÞ6Ù�ó6í�ñhÆ��8\<e"�jd�c(`(���j`�\<c(d�ZR��]�Zue6f0i�a�gz�C`*e!kC]�g��C`¢ìhÝ�Þ1?1?�e6d
� :>?!Ù�í�Þ10!Ù�ìhÝ�Þ5?�?���J�e6\<\<Zu�j�R` ¥6a6�R�L`(\za.d�`0]�_L`0\�a6i0`�a!\^]�_je"\<`0e!k
�"î�î�ï.ð5Bj�

4.2.2 TheOFL-component
��:>?.Ù�í�Þ50!Ù�ì�Ý�Þ5?1?

º f°�jd�`�¥�ZRe"�j\S\<`(c(]�ZRe"f�¡5`z�j`�\<c(d�ZR�C`��°a0c�e6i0�Ce"fj`�fh]<��d�`(�#a.]�ZRe"fL\<_jZR�Vô
]�_j`¢fL`(��]Ee"fj`*Zu\��j`���ZRc�a!]�`��^]�e�]�_L`§�j`�\<c�d�Zu��]�ZRe"f0e6k�a�c(e"i0�Ce"fj`�fh]<�
��`�\<c(d�ZR�j]�ZRe6fV� ¾ Zu·"`4c�e6i0�Ce"fj`�fh]�\&��d�`(�#a.]�ZRe"fL\<_jZR�L\��!c�e"i0�Ce6fL`�fh]�\&���j`��
\<c�d�Zu��]�ZRe"fL\�a!d�`�a!\<\<ehc�Zua!]�`���]�e�a�\<`(]�e6kS��a.d a6i0`(]�`(d�\^¡¢_LZRc _£��`(�
\<c�d�Zu�C`(\§]�_j`�Z�dSe6�C`(d a!]�ZRe6f�a6�V\<`�i�a6fh]�ZRc�\��

Â k2`(¡µ��a!d a!i0`(]�`(d�\^\<�Lc _�a6\���Þ(ÛLÚ�e!d�ìhó!ð�ÙhÚ�R�Ù�¡¢_LZRc�_��La!d<]�ZRc�Z��
��a.]�`S]�eA]�_L`��j`�\<c�d�Zu��]�ZRe"fbe6kFa^c�e6i0�Ce"fj`�fh]<��d�`(�#a.]�ZRe"fL\<_jZR� a.d�`�a!�u\<e
�jd�`(\<`�fh]8Zuf�aSc�e6i0�Ce"fj`�fh]<����`�\<c(d�ZR�j]�ZRe6fV�!¡¢ZR]�_^]�_L`5\�a!i0`5i0`�a!fLZRfL���
©5_LZR\�\<`(c(]�ZRe"f��j`�a!�R\�¡¢Z�]�_�]�_j`���`(��fjZ�]�Zue6f°e6k�a6�j\&]<d a6c(]�c��ua6\<\<`�\A\<e
]�_�a.]���Þ(ÛLÚnZR\�\<`(]z]�e�Þ�:�?!Ù�í�Þ50.Ùq0"Ý�Þ5?1?h�£à�e6d�`�e.¥�`(d��E¡5`��j`(�LfL`
a6f�Þ�:>?!Ù�í�Þ10!Ùq0"Ý�Þ5?�?°ZRf�]�_L`0k#d a6i0`(¡�e6d�·ne!k�¬�­"®�­h�8\<e�]�_La!]^]�_L`
��a.d a6i0`(]�`�d§ìhó!ðhÙhÚ R�Ù ZR\¢\<`(]¢]�e�Ý�Þ.ð5B�2�Þ B�Ú�Ä²c�k��E\<`�c(]�ZRe"f�×j� Ì��RÈ.Æ��

©5_L`4��a.d a6i0`(]�`(d�ò�Ú6ð�Ú6í�ï10�ï!Ù"ñ�d�`�c�e6d ��\�Z�k�a§�j`�\<c�d�Zu��]�ZRe"f^Zu\��6`�fL`�d�Zuc
e6d�fLe!]��À©5_L`�d�`¤ZR\�fje��6`�fL`�d�Zuc¤�j`(\<c(d�ZR�j]�ZRe"fÁZRfõ¬"­�®�­��S\<e�]�_�a!]
ò�Ú6ðhÚ"í�ï10�ï.Ù�ñ ZR\¢\<`(]¢]�e O Þ"Ý5?6Új�

©5_L`���a!d a!i0`(]�`(dQò"Ú6ð�Ú"í�Þ!Ù�ó6í°ZRf���Zuc�a!]�`�\QZ�k*abc�e"i0�Ce6fL`�fh]<���j`�\<c�d�ZR�
�j]�ZRe6f0Zu\4a6�j�R`¢]�e�c(d�`�a!]�`§ZRfL\&] a!fLc�`�\�� º k�gh`�\���ZR]E\<_je"�L�u���C`*�Ce6\<\<Zu�j�R`
]�e��j`���fL`Ac(e"fL\&]<d��jc(]�e6d�\Sa6fL��ZRfLZ�]�Zua6�RZR\<`(d�\�� º f°¬�­"®�­h��k2e!d�a!�L\&]<d a6c�]
c��ua6\<\<`(\Aa6\§¡5`��R�8a6\��"fje6d�i�a6����c��ua6\<\<`(\���]�_jZR\���a.d a6i0`(]�`�d�ZR\�\<`�]S]�e
Ù�í�2hÚj�4¯�f�]�_L`*c(e"fh]<d a!d<gh�6]�_L`*��a.d a6i0`(]�`�dy�hÚ<?!Ù�í�2�0!Ù�ó6í^d�`�c�e6d ��\4Z�k
Z�]*ZR\*�Ce"\<\<ZR�L�R`�]�e^k�d�`�`�a6f Zufj\&] a6fjc�`"� º f ¬�­"®�­���]�_LZR\*ZR\�d a.d�`���g �j\<`��
�L��]¢�Ce"\<\<ZR�L�R`"�L\<e�]�_LZR\¢��a.d a6i0`(]�`�d¢Zu\§\<`(]¢]�e�Ù"í�2�Új�

©5_L`�`(��]�`�fj\<ZRe"f¦e6kba���`�\<c(d�ZR�j]�ZRe6f ZR\�]�_L`s\<`(]¤e6kbZ�]�\�e.¡¢f¦ZRf��
\&] a6fjc�`�\¢a!f���e6k�ZRfj\&] a6fLc(`�\*e6k�Z�]�\5_j`�Z�d�\AÄ²i0e6d�`S�jd�`�c�ZR\<`���gh��]�_LZR\5\<`�]
e6k5Zufj\&] a6fjc�`�\Q�j`(�C`�f���\�e"f�]�_L`��La!d a!i0`(]�`(d�\A��`��jZRc�a.]�`���]�e �Ce"��g��
i0e6d��j_LZR\<i e!k�]�_j`¤d�`��ua!]�ZRe6fL\<_LZR�j\�¡¢_j`(d�`sa.d�`n]�_LZR\��j`(\<c(d�ZR�j]�ZRe"f
ZR\�\<e"�jd�c(`�e!d0] a!d��6`(]�Æ��«©5_L`°��a.d a6i0`(]�`�d � R�ÙhÚ6ð>?"ï"ó!ð 0!í�ÚhÞ6Ù�ï"ó.ð
d�`�c�e!d �j\zZRk¢]�_j`b`���]�`(fL\<ZRe"f�e6k¢]�_jZu\z·�ZufL�ne6kS��`�\<c(d�ZR�j]�ZRe"f�ZR\�_La6f��
�j�R`���a!�j]�e6i�a!]�ZRc�a6�R��g[e!d�i�a!f���a6�R��gh� º f�¬�­"®�­¤¡5`�c�a6fÃ\<`(] ]�_jZR\
��a.d a6i0`(]�`�d�]�eÃÞ�2hÙ�ó�ÛLÞ6Ù�ï10"Þ"Ý�Ý6ñ¦Ä²�hg��j`�k²a6�j��]��Aa!]�]�_L`¤�j`�\<c(d�ZR���
]�ZRe"f¤c(d�`�a!]�ZRe6fV��Z�]�\A`(��]�`�fj\<ZRe"fnZR\Q`�i0��]�gLÆ¢`(¥�`�fnZ�k4]�_L`�`(��]�`�fj\<ZRe"f
ZR\¢i�a6ZRfh] a6ZRfL`��be"fj�Rg ¥�Z�d<]���a6�R��gh�

©5_L`z��a.d a6i0`(]�`(d � ð>0"Þ.Ü>?�2�Ý�Þ!Ù�ï"ó!ð�ZRf���Zuc�a!]�`�\AZ�kEk2`�a.]��jd�`�\Qa.d�`�`�f��
c�a!�L\<�L�ua.]�`��bZRfh]�e^�j`�\<c�d�Zu��]�ZRe"fL\�ô�Z�]*ZR\��Ce6\<\<ZR�L�R`�]�e^�jZR\&]�ZRfL�6�LZR\<_ �C`��
]�¡�`�`�f a!]<]<d�ZR�L��]�`�\*a!f��0i0`(]�_Le���\�� º f ¬�­"®�­^`�¥"`(d<g�]�_LZRfL�QZR\5`�fjc�a6���
\<�L�ua.]�`����C\<e0]�_La!]§]�_L`Q��a.d a6i0`(]�`(d§ZR\�\<`�]�]�eZ�6Ù�í 2�Ú���Ù�í�2hÚ5��� ¾ `(]
�L\0i0`(f�]�ZRe6f�]�_La!]�]�_j`�a!�LZR�RZR]�g�]�eni0e��j`(�uZR\<`�fje"f�`�fLc�a6�L\<�j�ua!]�`��
i0`(]�_je���ZR\0�j\<`(k2�j�¢k�e6d0]�_j`�\<�C`�c�Z���c�a!]�ZRe"f£e6k��ua!fL�"�La6�6`°\<�Lc _Ãa!\
Ê�Y�W¢Ë��

��/�Þ!í�ï.ð5B 06ó!ðhÙ�í�ó"Ý°ZR\�]�_j`���a.d a6i0`(]�`(dA¡¢_jZRc�_�d�`�c�e6d ��\QZRk4]�_L`�ZRf��
\&] a6fjc�`�\¢e6k�a��j`�\<c�d�Zu��]�ZRe"f�i�a�g��C`�\<_La!d�`���a6f���`�¥�`(f�]��La6�R��gb_Le�¡A�
Â f°ZRfj\&] a6fLc(`zi�a�g��C`Q\<_La!d�`��°�hg°a!�u��ZRfj\&] a6fLc(`�\�e!k�e6fL`z�j`�\<c(d�ZR���
]�ZRe"f Ä2]�_LZR\Fd�`���d�`�\<`�fh]�]�_L`4Zu�j`�a§e6kCc��ua!\<\�¥"a.d�Z#a!�L�R`*a!f��^]�_j`�¥6a6�R�L`4e6k
��a.d a6i0`(]�`�dSZR\§îhÚ<?10.í�ï.ÜhÙ�ï6ó!ð�Æ��ªZ�]�i�a�gb�C`A\<_�a.d�`����hg e"fL��g \<e"i0`
e6k�]�_j`AZRfL\&] a6fjc�`�\Se6k8e"fj`Q�j`�\<c�d�Zu��]�ZRe"fsÄ2]�_LZR\§ZR\�a!f�ZRfL\&] a6fjc�`Q¥"a.d�Z��
a6�j�R` a!f��¤]�_j`�¥6a6�R�L`0e!k¢��a!d a!i0`(]�`(d^ZR\0ï�ð>?!Ù�Þ!ð�06ÚhÆ��°Å�ZRfLa6�R��gh�Ea6f
ZRfL\&] a!fLc�` i�a�gn�C`�a.]<] a6c _L`���]�e�e"fj�Rg�e"fL`bZRfL\&] a!fLc�` e6kSe"fL` �j`��
\<c(d�ZR�j]�ZRe6fõÄ²¥6a6�R�L`=2"ðjï� �2�Ú ï.ð>?!ÙhÞ!ð>06ÚhÆ�� Â ¬�­"®�­¤a6�j\&]<d a6c(]�c(�#a!\<\
�jeh`(\AfLe6]��L�j]�c�e"fj\&]<d a6ZRfh]�\Qa6�Ce6�j]�]�_j`�\<_�a.d�ZRfL�be6k5Z�]�\AZRfL\&] a!fLc�`(\
Ä²ZRfAk²a6c�]�]�_L`8ZRfL\&] a!fLc�`�\Fe6kjZR]�\F�j`�\<c(`�f��ja6fh]�\ Æ�\<e���/�Þ!í�ï.ð5B 06ó!ðhÙ�í�ó"Ý
ZR\¢\<`(]¢]�eZ¡.îhÚ5?10!í�ï.Ü�Ù�ï"ó!ð.�¤ï.ð�?!Ù�Þ!ð>0!Ú���2�ðjï� �2hÚ ï.ð>?.Ù�Þ!ð>06Ú5¢h�

©5_L`4��a.d a6i0`(]�`(d�-jï1?�ï�:�ï"Ýhï!Ù�ñAZRfL�jZRc�a!]�`(\�`�fh]�ZR]�ZR`�\�k#d�e"iõ¡¢_jZRc�_Q]�_L`
�j`(\<c(d�ZR�j]�ZRe"f�ZR\�¥�Zu\<ZR�j�u`6�¦´�`�¥�`(d a!�S¥6a6�R�L`(\ a.d�`��Ce"\<\<ZR�L�R`°k2e!db]�_jZR\
��a.d a6i0`(]�`�d0k�d�e"i a¤¥"a!�u�j`�¡¢_LZRc _Ãd�`�\&]<d�ZRc(]�\0]�_L`�¥�ZR\<ZR�LZR�RZ�]�g�]�e�a
\<ZRfL�6�u`�`(����d�`�\<\<ZRe"f¤]�e�e"fL`�¡¢_jZRc�_¤e"�C`�f�]�_L`0��`�\<c(d�ZR�j]�ZRe"f¤]�e�]�_L`
`�fh]�Z�d�`QfL`(]�¡5e6d�·C� º f�¬�­"®�­h�ª�hg���`(k²a!�L��]���]�_L`Q¥�ZR\<ZR�LZR�RZR]�g�ZR\��RZRi0Z�]�`��
]�ez]�_j`S�La6c ·"a!�"`�¡¢_jZRc�_bc�e"fh] a!Zufj\5]�_L`��j`�\<c(d�ZR��]�Zue6f�\<e^]�_L`§c�_je"\<`�f
¥6a6�R�L`AZR\*Ü�Þ50���Þ BhÚj�

��Ù�Ù"í�ï�:12hÙ�ÚnZR\z]�_L`��La!d a6i0`�]�`(d�¡¢_jZuc _�\<�C`�c�Z���`(\�Z�k¢]�_L` �j`�\<c(d�ZR���
]�ZRe"f a!�u�Re�¡¢\¤]�_j`��j`(�LfLZ�]�ZRe"f�e!kba!]<]<d�ZR�L��]�`�\�Ä�Þ�Ý�Ý�ó�Q�Ú"î�Æ�e6d¤fLe6]
Ä O ó6í :jï!î�îhÚ!ð�Æ��5Åje6d§a6fZ��:>?.Ù�í�Þ50!Ù�ì�Ý�Þ5?1?^]�_jZu\*�La!d a!i0`(]�`(d*ZR\§Þ�Ý14



Ý"ó�Q�Ú"î�Ä2k2e!d§c�e"fj\&] a6fh]Sa!]<]<d�ZR�L��]�`�e"fj�RgLÆ�� º f ]�_L`�\�a6i0`�¡5a�gh��]�_L`�d�`
ZR\¢a^¥�`(d<g0\<ZRi0ZR�ua!d¢��a.d a6i0`(]�`�d5k2e!d¢i0`(]�_Le���\���ZR]5Zu\*c�a6�R�R`�� 6 Ú6Ù�/�ó6îL�
º f�a!f=��:>?.Ù�í�Þ50!Ù�ì�Ý�Þ5?1?�Z�]¢ZR\Sa!�R\<e0�Ce"\<\<ZR�L�R`�]�e0��`(��fj`�i0`(]�_je��j\��
\<e�]�_La!]*]�_jZu\¢�La!d a6i0`�]�`(d¢ZR\§\<`�]§]�e0Þ�Ý�Ý�ó�QhÚ"îL�

©5_j`���a!d a!i0`(]�`(d7� bhÚ6í�Ý�ó�Þ6î�ï.ð5BõZRfL�jZRc�a!]�`(\¤Z�k0]�_L`sc(e"i0�Ce"fj`�fh]<�
��`�\<c(d�ZR�j]�ZRe6f�a6�R�Re�¡¢\�e6d��jd�e6_LZR�LZ�]�\sÄ�Þ�Ý"Ý�ó�Q�Ú"îj� O ó6í�:jï.î�îhÚ6ð�Æ�]�_j`
e.¥�`�d��ue"a"��Zufj�£e!kzk�`�a!]���d�`�\�� º f[k²a!c(]°Z�]�ZR\�c�e6fL\&]�Z�]��j]�`��[��g£k2e6�jd
¥6a6�R�j`�\S¡¢_jZuc _°\<�C`�c�Z�k#g�]�_LZR\�e.¥�`�d��ue"a"��Zufj�0k2e6d�]�_L`^a!]<]<d�ZR�L��]�`�\���k�e6d
]�_j`Ad�`�\<�L��]�\§e6k8k2�jfLc(]�ZRe"fj\���k2e!dS]�_j`Qf��ji��C`(d*a6f���k�e6dS]�_L`�]�g��C`Ae!k
i0`�]�_Le��Q��a!d a!i0`(]�`(d�\���ÅLe6dEaS¬�­"®�­§a6�j\&]<d a6c(]8c��ua!\<\8]�_j`��La!d a6i0`�]�`(d
ZR\§\<`(]*]�eA� O ó6í�:jï!î"îhÚ6ð.� O ó6í :jï!î�îhÚ!ð.��Þ�Ý�Ý�ó�QhÚ"î���Þ�Ý�Ý"ó�Q�Ú"î<���

4.2.3 SomemoreaboutOFL-componentsJ�`�d�_�a6�j\�]�_L`bd�`�a"��`(d�fLe!]�Zuc(`���\<e6i0`°a6\<�C`(c(]�\0e6kS]�_L`��"a.¥6a¤�ua!fj�
�6��a!�"`�]�_La!]�¡�`(d�`�fje6]�c(e!¥"`(d�`�����g¤]�_L` ��a!d a!i0`(]�`(d�\z�jd�`�\<`�fh]�`��
a!�Ce.¥�`"� ¾ `(]¢�j\*] a6·�`�\<e6i0`A`(�ja6i0�j�u`(\��

¹�º f�\<`�c�]�Zue6f ×�� Ì��RÈ�]�_L`§��a.d a6i0`(]�`�d5íhÚ6ÜhÚ"Ù�ï!Ù�ï6ó!ð�_�a!f��j�R`�\��jZ��
d�`�c(]Sd�`��C`(]�Z�]�ZRe"f�e6kE] a!d��6`(]A��`�\<c(d�ZR�j]�ZRe6fL\��ª]�_�a.]�ZR\�]�e�\�a�g°Z�]
a6�R�Re�¡¢\�e!d�fje6]¢]�e��"`�]�\<`�¥"`(d a6��]�Zui0`S]�_L`A\�a6i0`Q��`�\<c(d�ZR�j]�ZRe6f
ZRf�]�_j`z�RZR\&]Qe6kE] a!d��6`(]�� t �j]�¡¢_�a!]Aa6�Ce"��]�]�_L`^_�a!f����uZRfj� e!k
ZRf���ZRd�`(c(]�d�`��C`�]�ZR]�ZRe6fsÄ2d�`��C`(]�Z�]�ZRe"f�e6k8]�_L`Q\�a!i0`z��`�\<c(d�ZR�j]�ZRe6f
\<`�¥�`�d a6�S]�ZRi0`�\�ZRf[]�_L`°\�a!i0`°_LZR`(d a.d�c�_hg£�L�j] a.]���Z�¼ª`(d�`�fh]
�R`�¥�`��#Æd�

¹�º fb\<`�c(]�ZRe6f�×j� Ìh� ÌQ¡5`���`�a6�C¡¢Z�]�_b¥�ZR\<ZR�LZR�RZ�]�gbe6k�az��`�\<c(d�ZR�j]�ZRe6f
Ä²��a.d a6i0`(]�`�d%b�ï1?�ï�:jï6Ýhï!Ù�ñ�Æ^�L�j]^fje6]�_LZRfj��a6�Ce"��]z]�_j`�_�a6f��
�j�RZRfL��e6k�]�_j`5·�`(g�¡5e!d �^Ü12�:�Ýhï10§]�_La!]8i�a�gQ�C`¢a!]<] a!c�_j`��^]�e�a
¬�­"®�­0c(�#a!\<\��A¯�f�]�_j`Qe6]�_L`�d�_La6f���]�_j`Q·�`(g�¡5e!d ��Þ�:>?!Ù�íhÞ50!Ù
ZR\S_La6fL�j�R`����hgb]�_L`A��a.d a6i0`(]�`�d�ò"Ú6ð�Ú"í�Þ!Ù�ó6íL�C¡¢_hg \<�Lc _�ZRfj�
`�³h�LZ�]�gH�

¹ ©5_L`*_La6fL�j�RZRfL�Ae6kL]�_L`5k2`�a!]��jd�`(\�¨h¥�Zu\<ZR�jZu�RZ�]�g^¡¢Z�]�_LZRf�]�_j`*_LZR`(d<�
a!d�c _hgQe6kjc��ua6\<\<`�\8ZR\�fLe!]�`�¥�`(f^i0`(f�]�ZRe6fL`��ª��©5_j`�\<Z�]���a.]�Zue6f�ZR\
]�_L`¢\�a!i0`5k2e6d4]�_L`*_La6f����RZufj�Ae6kªc�e6fL\&]<d��jc(]�e6d�\�a6f��zZufjZ�]�Z#a!�RZu\&�
`(d�\0a!c�c�e!d �jZRfL��]�e¤¥6a6�R�L`(\�e6kS]�_L`b��a.d a6i0`(]�`(d�ò�Ú6ð�Ú6í�Þ6Ù�ó6íj�
¯�fL`Qi�a�g fLe6]�`Q]�_�a.]�Z�]SZR\�a6�R\<ebfL`�c(`�\<\�a!d<g�]�e�`�fj\<�jd�`A]�_�a.]
c�e6fL\&]<d��Lc�]�e6d�\�_La6\�\�a!i0` fLa6i0`ba6\z]�_L`b�j`�\<c�d�Zu��]�ZRe"fV�E]�_�a.]
ZRfLZ�]�Zua6�RZR\<`(d�\0a.d�` a!fLe6f�g�i0e6�L\Qa6fL�¤]�_�a.]z]�_j`��j`�\&]<d��jc(]�e6d^ZR\
c�a!�u�R`���� O ï.ð�Þ"Ýhï�£hÚ����

Â c�c�e!d �jZRfL��]�e�]�_je"\<`�³h�L`(\&]�Zue6fL\^e6dQd�`�i�a.d�·�\�¡�`�fL`�`���]�e�i�a6·�`
]�_j`�]�_jd�`(`�k2e6�u�Re�¡¢ZRfL�Qc�e6i0i0`�fh]�\�a6fL�^]�e���d�e"�Ce6\<`*a6f0a!fL\&¡�`(d��F]�_j`
a!\<\<`(d<]�ZRe"fj\�a6fL�b]�_j`A³h��a6�RZ���`�d�\��

Å�Z�d�\&]���gh�8]�_L`�c _Le"ZRc�`�]�e��j`(�LfL`0e!d�fLe!]0a�fj`(¡µ�La!d a6i0`�]�`(dzk�e6d�a
c(e"i0�Ce"fj`�fh]<�,d�`��ua!]�ZRe"fj\<_LZR�ze!dEaSc�e6i0�Ce"fj`�fh]<����`�\<c(d�ZR�j]�ZRe6f^ZR\�i�a!Zuf��
��g��La6\<`���e"f�]�_L`§k2e"�R�Re�¡¢ZRfL�0³h�L`(\&]�Zue6fV�.� º \5Z�]¢a!f `�fje"�j�"_b�"`�fj`(d a6�
a!f���d�`��R`�¥"a!fh]^a6\<�C`�c(]A]�_La!]Qc�e6�L�u�¤�C`�Zufh]�`��!d a!]�`��¤Zuf¤i0e6d�`^]�_�a6f
e6fL`5�ua!fL�"�La6�6`Sa!f��A]�_�a.]8i�a�g��C`�k2e6�Lf��^ZRf�`(��ZR\&]�ZRfL���RZ�]�`(d a.]��jd�`����j�
©Ve�a!fL\&¡5`�d5]�_LZR\5³h�j`�\&]�ZRe"fb�uehe6·�\5�RZu·"`S¥�`�d<g��jZ�Î0c��j��]*a6fL�0Zuf�\<e6i0`
¡5a�g�³h�LZ�]�`^a!d��LZ�]<d a.d<g°�L��]��R`(]S�L\S�"ZR¥�`^\<e"i0`Q`(�ja6i0�j�u`(\SZRf�e6d ��`(d
]�e°\<_je�¡ ]�_j`0�Lf���`(d���g�Zufj���L_jZR�ue6\<e"�j_�gh��©5_L`�_La6f����RZufj�°e6k¢\<e6i0`
�ua!fL�"�La6�6`b·"`(g�¡5e6d ��\AZR\A¥�`(d<g�\<�C`�c�Z��Lc�]�e�`�a!c�_¤�#a!fL�6��a6�6`"� ¶4a!c�_
�ua!fL�"�La6�6`�_�a!\5Z�]�\*e.¡¢f�d��L�R`�\4k2e6d5_�a6fL�j�RZRfL�Q]�_L`S¥�ZR\<ZR�LZR�RZ�]�g�e!kVd�e6�j�
]�ZRfj`�\�¡¢Z�]�_LZRfs]�_L`b_LZR`(d a.d�c�_hgse!kA�j`(\<c(d�ZR�j]�ZRe"fj\�Ä²�jd�ZR¥6a!]�`"�E�L�j�L�RZRc"�
��d�e6]�`�c�]�`�����`(���Ce6d<]��¢ö�ö�ö0Æ���¯�f�]�_L` e6]�_L`�d�_�a6fL���E]�en\�a�gs]�_�a.]
a��j`�\<c(d�ZR��]�Zue6fnZR\^a6�j\&]<d a6c(]^e6dQfje6]��j�&�L\&]�Z��L`�\Ak�d�e"ile6�jdQ�Ce6Zufh]Qe!k
¥�ZR`(¡A�¢]�esa!\<\<ehc�Zua!]�`�ZR]b]�e�e6fL`°e6db\<`�¥"`(d a6�S��a!d a!i0`(]�`(d�\��«Í�e�¡*�
`(¥�`(d���]�_L`0\<�C`(c�Z���c�Z�]�gne6k¢`�a!c�_s�ua!fL�"�La6�6`�a!c�c�e6d ��ZRfL�°]�e�]�_LZR\za6\&�
�C`(c(]Ai�a�g�fje6]A�C`Qk2�j�u��g�_La6f����R`��°��g���a!d a!i0`(]�`(d�\zÄ2k2e6d�Zufj\&] a6fjc�`

¡¢_L`(f aA�ua6fj�"�La6�"`S`�fjk�e6d�c�`(\*a6fba6�j\&]<d a6c(]5�j`�\<c�d�Zu��]�ZRe"f0]�eQc�e"fh] a6ZRf
e"fj��g�a!�L\&]<d a6c�]Si0`�]�_Le��j\ Æ��

´�`(c�e"fL�j��gh��\<e6i0`*\<`�i�a6fh]�ZRc�\8ZRf�]�e�a��ua6fL�6��a!�"`§i�a�g^fje6]8�L]�¡¢Z�]�_LZRf
e"fj��gÃe6fL`°c�e6i0�Ce"fL`(f�]��Á©5_j`°_�a!f��j�RZRfL�¤e6kQZRf���Z�d�`�c(]�d�`��C`(]�Z�]�ZRe"f
e6d^]�_L`�_La6f����RZufj�°e6k¢k2`�a!]��jd�`b¥�ZR\<Zu�jZR�uZ�]�gnd�`��RZR`�\�e6fs\<`�¥�`(d a!�5·�ZRf��j\
e6k¢d�`��ua.]�Zue6fL\<_jZu��Ä²e6f�\<`�¥�`(d a!�AW*X�Y���c�e6i0�Ce"fj`�fh]�\ Æ���\<e�]�_�a.]�Z�]zZR\
fL`(c�`�\<\�a!d<g�]�e��6`(] ani0`�c _�a6fjZR\<i ¡¢_LZRc _[ZR\be!d<]�_Le6�"e"fLa6�§]�en]�_L`
·�ZRf��j\*e!k�d�`��ua!]�ZRe"fj\<_LZR�V�

©5_LZ�d ���Rgh��]�_j`§W*X�Y�i0e��j`��6Zu\V��a!\<`���`�\<\<`�fh]�Zua6�R��gQe"f�]�¡5e¢c��L\&]�e6i0ZR\&�
a6�j�R`�c�e6fLc�`���]�\���d�`��ua!]�ZRe"fj\<_LZR�L\0a!f����j`(\<c(d�ZR�j]�ZRe"fj\���©5_LZR\�ZRfh]�`�f��
]�ZRe"fLa6���uZRi0Z�] a!]�ZRe6f�i0`�a6fj\�]�_�a.]*]�_L`A��`(��fjZ�]�Zue6f e!k�]�_L`��C`�_�a�¥�ZRe"�jd
e6k§`�fh]�Z�]�ZR`�\^\<�Lc _sa6\^i0`(]�_Le���\Qe6d�a!]<]<d�ZR�L��]�`�\zZR\z�uehc�a!]�`��n¡¢Z�]�_LZRf
c�e6i0�Ce"fL`(f�]�\&����`�\<c(d�ZR�j]�ZRe"fj\¢a6fL��c�e"i0�Ce6fL`�fh]�\&�,d�`��ua!]�ZRe6fL\<_LZR�j\��

º f�e!d �j`(db]�es] a6·�`�ZRfh]�e�a6c�c(e"�Lfh]b¡¢_�a.]�¡5`�i0`�fh]�ZRe"fj`��[a!�Ce!¥"`"�
¡5`¢ZRfh]�`��6d a.]�`���a!\<\<`(d<]�ZRe"fL\E¡¢Z�]�_LZRf°W*X�Y���c�e6i0�Ce"fj`�fh]�\��V]�_j`(g^i�a�g
a"�j��d�`�\<\Sa6fhg�d�`�Z���`���ZRfjk2e!d�i�a!]�ZRe"f�Zufjc��R����Zufj�0��a.d a6i0`(]�`(d�\*¥6a6�R�j`"�
©5_L`�gQc�e6d<d�`�\<�Ce6f��A]�e�c�e6fh]<d�e"�R\F]�_�a.]�]�_L`4i0`(] a!����d�e"�6d a!i0i0`(dVi�a�g
fL`(`��n]�e°\<`(]ze"f�]�_L`0_jZR`(d a!d�c _hg�e6k§c�e6i0�Ce"fj`�fh]�\���»�`ba6�L��a!�u\<e
]�esW*X�Yª��c(e"i0�Ce"fj`�fh]�\�]�_L`�a6�LZR�RZ�]�g�]�e���`(��fj`0a6\<\<`(d<]�ZRe6fL\za6\<\<ehc�Z��
a!]�`���]�eQa�·�`(g�¡5e!d ��Ä2¡5`¢c�a!�u��]�_L`�i3¤(}j{"t w S�p�é�~�Æ��EÅLe!d4`��La!i0�L�R`5¡5`
i�a�g��j`(�LfL`�a6f[a!\<\<`(d<]�ZRe"fÃ¡¢_jZRc�_£c�e6d<d�`�\<�Ce6f���\�]�e�]�_L`�\<`(i�a6fj�
]�ZRcze!k5a0��d�Zu¥6a!]�`Qi0`(]�_je���ZRfn¬"­�®�­�e6d�a6fLe!]�_L`(d�e"fj`^¡¢_jZuc _��j`�a!�R\
¡¢Z�]�_0]�_L`¢\<`�i�a6fh]�ZRc¢e6kV�L�j�L�RZRc§c(�#a!\<\�Ä,a6�R\<e^ZRfb¬�­"®�­6Æ�� Â �R��c�e6f�]<d�e6�R\
\<�C`�c�Z��L`����hg�a��ua6fj�"�La6�"`^`�Z�]�_L`�d�`(���j�uZRc�Z�]���g�]�_�d�e"�j�"_�a�·�`(g�¡�e6d �
e6d§ZRi0�L�RZRc�Z�]���g�¡¢_LZRc�_�a!d�`Afje6]¢_�a!f����u`��b�hgb`(��ZR\&]�Zufj���La!d a6i0`�]�`(d�\��
a!d�` a6\<\<ehc(Z#a.]�`��s]�e°e"fL`�e!d�\<`�¥"`(d a6�*a!\<\<`(d<]�ZRe"fj\�ô�]�_L`0]�ehe6�u\zi0`�fj�
]�ZRe"fj`��sZuf�\<`�c�]�Zue6f�×j� ×j�4`�\<�C`�c�Zua!�u��gÁW*X�Yª�&à ¾ a.d�` ZRf�c�_La!d��6`b]�e
ZRi0�L�R`�i0`�fh]5]�_je"\<`Qa!\<\<`(d<]�ZRe"fL\��

4.3 Integration in the Existing Meta-ModelsW*X�Y[ZR\�a�i0`�] a!��i0e��j`��8¡¢_LZRc _��j`�\<c�d�Zu�C`(\ze6����`�c(]<��e6d�ZR`�fh]�`��s�ua6f��
�"�La6�6`�\A��a!\<`���e6f�c��ua6\<\<`�\^a6fL�°c��L\&]�e6i0Zu\<`(\�]�_L`^e"�C`(d a.]�ZRe"f�a!�4\<`��
i�a6fh]�ZRc�\^e6k§]�_L`�Z�d��j`�\<c(d�ZR��]�Zue6fL\0a!f��nd�`��ua.]�Zue6fL\<_jZu�j\���©5_L`b\&] a!]�`
e6k*]�_j`�a!d<]���ZRfn]�_j`���`(�#�¤e6k¢i0`(] a.��i0e���`��8\<_Le�¡¢\z³��jZ�]�`0a��jZR¥�`�d<�
\<Z�]�gh�Ã©5_L`�\<`°i0`�] a!��i0e��j`��R\0a.d�`��L\<�La6�R��g£a6�L�R`�]�en�j`�\<c�d�Zu�C`�e"fL`
a6fje6]�_j`(d���ÅLe!d��L\��5]�_j`�i0e"\&]�\<ZR�6fLZ���c�a!fh] e6fL`�ZR\Z��W*XlÄ�à�`(] a
¯����&`�c(]bÅLa6c�ZR�RZ�]�gLÆ�Ç�È"È(É,�£»�`���e¤fje6]ba!Zui ]�e¤c�e6i0�C`(]�`�a!��a!Zufj\&]
��W*Xµ�L��]�]�ene!¼ª`(dba¤�R`�\<\0�6`�fL`�d a6�§i0e��j`��*c��Re6\<`(d�]�e¤]�_L` �jd�e!�
�6d a!i0i0`(d�����W*X �j`�\<c�d�Zu�C`(\0a£å�tR{!~ ~bc�e6fLc�`(�j]���a6fÁ{6~�~�æ�å(w,{6ç²w,æ6q
c�e6fLc�`���]Sa6f�� azo�{�å_¥"{�|hpQc�e"fjc�`���]��

Â ��W*XÁc��ua6\<\�a!�R�ue�¡¢\§]�e��j`(�LfL`Qa!]<]<d�ZR�j�j]�`�\���]�_j`�]�g��C`Ae6k8¡¢_jZuc _
c�a!fÃ�C`�\<ZRi0�j�u` e6db��`�\<c(d�ZR�C`�����gsa¤c��ua6\<\��*a6f��s]�en\<�C`(c�Z�k�g�e"���
`(d a.]�Zue6fL\�� ¾ `(]0�j\��Ce"ZRfh]�e"��]�]�_�a.]�W*X�YÁa6f��¦��W*Xµ_�a�¥�`b]�_L`
\�a6i0`za6�j�jd�e"a6c _¤c�e6fLc�`�d�fLZRfL��]�_L`^i0`(]�_Le����Ce���ZR`�\�]�_�a.]A_�a�¥�`A]�e
�C` �j`�\<c(d�ZR�C`��sa!c�c�e!d �jZRfL��]�e�a6fsZRf���`��C`�f���`�fh]^�#a!fL�6��a6�6`nÄ�x(w2q ë è
w2qh|jÆ��£W*X�Y�a6fL����W*X �Ce6]�_���d a�¡ k�d�e6i ]�_j`�����Y�a6f��¨§\©�Y
Ç�È.Ì�É�fLe!] a!]�ZRe"f�a6f�� \&gjfh] a.���

Â ��W*Xna!\<\<ehc�Zua!]�ZRe"f0a!�R�ue�¡¢\�]�e§�j`���fL`4a6fhgSd�`��ua!]�ZRe"fj\<_LZR�z]�_La!]Vehc(�
c���d�\��C`(]�¡�`�`�f�aSf��ji��C`(dFe6k���W*X�\<e6�jd�c�`*c(�#a!\<\<`�\Ea6fL��a�f��Liz�C`(d
e6k���W*Xn] a!d��6`(]8c��ua6\<\<`�\��E©5_j`�\<`�i�a!fh]�Zuc(\�e6kj]�_L`4d�`(�#a.]�ZRe"fL\<_jZR���j`��
\<c(d�ZR�C`��0�hg�\<�jc�_�a!f�a6\<\<ehc�Zua.]�Zue6f�ZR\�ZRi0�j�u`(i0`�fh]�`��^]�_La6fL·�\�]�eA]�_L`
a!]<]<d�ZR�j�j]�`�\§a6fL�b]�_j`�e"�C`(d a.]�ZRe"fL\§e6k�]�_j`D��W*X�c��ua6\<\<`�\��

©5_L`���W*Xµ��a6c ·6a6�"`(\�a6�R�Re.¡ ]�en`(fLc�e6i0��a6\<\z]�_L`[��W*Xµc��ua!\<\<`�\
a6fL��a!\<\<ehc�Zua!]�ZRe"fj\��

W*X�YÃi�a�g��C`��j`(\<c(d�ZR�C`���a6c(c�e6d ��Zufj��]�e���W*X a6fL�¤\<�L�j�L��g�]�_L`
�ua!]<]�`(dS¡¢Z�]�_¤a!f�a"�j�jZ�]�ZRe"f�a!���ua�gh`(d�e6f�]�e"�°e!k4Z�]�a6�R�Re.¡¢ZRfj�b]�e�c��j\&�



]�e6i0ZR\<` ]�_L` e"�C`(d a.]�ZRe"f�a!�¢\<`�i�a6fh]�ZRc�\�e!k�]�_L`=��W*X c��ua!\<\<`�\ba6f��
a!\<\<ehc�Zua!]�ZRe"fj\��

t `�\<Zu�j`�\��¢¡5`°_La�¥�`�\<_Le�¡¢f£Zuf£���"��d�`�Ì�]�_La!]�W*X�Y«c�a6f[�C`°��`(�
\<c�d�Zu�C`��£¡¢Z�]�_Ã]�_L`ª����YÁk�e6d�i�a6�RZR\<i��*ZRf[�La!d<]�ZRc��L�ua.db]�_La6fj·�\�]�e
]�_j`z�Ce6\<\<ZR�LZR�RZR]�g�e6kE] a6�"�6ZRfL��]�_L`^fL`(¡¦c(e"fLc(`��j]�\zÄ2¡¢_LZRc�_�¡*a!\��Lf��
fj`�c�`�\<\�a.d<g�ZRf ]�_jZR\¢�L�"��d�`.Æ��

Å�ZRfLa6�R��gh�FW*X�Y°c�a!f�a!�R\<e��C`S�j`�\<c(d�ZR�C`��0]�_�a!fL·�\4]�e�«$��YsÇ�È�Ð.ÉVa6f��
«���Y�¬�Ë�­d®ªÕG¯b­�°6�

4.4 OFL ToolsW*X�Y0c�a!fz�C`E�L\<`��^a!\�a¢\<`(]�e6k�]�_jd�`(`E]�ehe6�u\�¡¢_jZRc�_Q\<_�a.d�`4]�_j`4ZRfjk�e6d<�
i�a.]�ZRe"f�c�e"fh] a6ZRfj`���ZRf�a��ja!] a!��a6\<`^¡¢_Le6\<`�\<c�_j`�i�a0ZR\Q�j`�\<c(d�ZR�C`��
ZRfsWE©�Y£Ç�È�×!É��

©5_j`§�jd�\&]8]�ehe"��c�a!�R�u`���W*X�Y±¬{��Õ�²�­�ZR\4k2e!d�]�_j`*i0`(] a!���jd�e6�6d a!i0i0`(d��
º ]Aa!�u�Re�¡¢\A]�e �!d a6�j_LZRc�a6�R��g�c(d�`�a.]�`"��i0e��jZ�k�g°e!dQ�j`(�u`�]�`�W*X�Y���c�e6i��
�Ce6fL`�fh]�\�Z²� `"�s]�_j` ZRfL\&] a!fLc�`(\0e6k§]�_L`¤W*X�Y���c�e"fjc�`���]�\�� º f�e6]�_j`(d
¡�e6d ��\���Z�]�a!�R�ue�¡¢\Q]�e°�j`(\<c(d�ZR�C`�]�_L`�e6�C`(d a!]�ZRe"fLa6�4\<`�i�a6fh]�ZRc�\Ae6k*a
�ua!fL�"�La6�6`�¡¢_LZRc�_b¡¢ZR�u���C`��j\<`��0¡¢_L`�f��j`�\<ZR�"fjZRfL��a!f�a!�L�j�uZRc�a.]�ZRe"fV�
©5_j`ÃW*X�Yª��c�e"i0�Ce6fL`�fh]�\�¡¢_LZRc�_�Z�]�_�a6fL�j�R`�\ c�a6f��C`�\&]�e6d�`����hg
�j\<ZRfL��¥6a!d�ZRe"�j\¢\&] a6f��ja!d � k�e6d�i�a!�uZR\<i¸\<�Lc _=«���Y¤e!d���W*X��

©5_j`*\<`�c�e6f��z]�ehe6�LZR\8c�a6�R�R`��°W*X�Y�¬{��YbZufzd�`(k2`(d�`(fLc�`5]�e=����YE� º ]8ZR\
ZRfh]�`�fL�j`���k�e6d�]�_j`Qa6�j�L�RZRc�a!]�ZRe"f¤�j`(\<Zu�6fL`(d�� º ]�ZR\Sa6�R\<e�a��!d a6�j_LZRc�a6�
]�ehe6�j¡¢_jZuc _�a6�R�Re�¡¢\4]�e�c�d�`�a!]�`"��i0e��jZ�k�g^e6d��j`(�u`�]�`QW*X�Y���ZRfL\&] a6fjc�`�\��
Z²� `"��]�_j`5ZRfL\&] a6fjc�`�\�e!k�]�_L`AW*X�Yª��c�e"i0�Ce6fL`�fh]�\���`�\<c(d�ZR�C`��zZRf�W*X�Y�¬
��Õ�²�­���©5_L`���d�e"�6d a!i0i0ZRfL�z] a!\<· ZR\¢ZRfLc��R�L�j`��b��gbaz�LZRf���Zufj�j��]�_j`
\<`(�u`(c(]�`�� �ua!fL�"�La6�6`AZu\§¬"­�®�­���]�_La!]*ZR\*�Ce���g�e!k�a!�u�ª]�_L`Si0`(]�_Le���\�ZR\
¡*d�Z�]<]�`�f�Zuf°¬�­"®�­h�

©5_j`5]�_LZ�d �^]�ehe6�jZR\8c�a!�u�R`��°W*X�Y±¬´³8­�µd°�Õ_µ�� º ]8ZR\4a§]<d a6fL\<�ua.]�e6d��hZRfh]�`(d<�
��d�`(]�`(d�e!d�c�e6i0�LZR�R`(d�� º ]�\V] a6\<·AZR\F]�e¢]<d a6fj\<�ua!]�`4]�_j`�W*X�Yª��ZRfj\&] a6fLc(`�\
a!f���]�_j`A�Ce���g�e!k8i0`(]�_Le���\QÄ²�L\<ZRfL��]�_j`^\&] a.]�ZRcQk2a6c�`�]�\�e6k�]�_j`za!c(�
]�ZRe6fL\ Æ�ZRf�]�ena�] a.d��"`(]b�ua6fj�"��a!�"`"�S¬"­�®�­�ZRf£e"�jd�c�a6\<`"�Á©5_j`��ua6\&]
\&]�`(�0c�e"fj\<Zu\&]5Zuf0`��j`(c��j]�ZRfL��]�_j`¢�"`�fj`(d a!]�`��0a!�L�j�uZRc�a.]�ZRe"f a6f��^]�_��j\
]�e��j\<`�]�_j`�i0`(]�_Le���\�a!f���c(d�`�a.]�`b]�_j`�W*X�Y����La.] a��8Z²� `"��]�_L`�ZRfj�
\&] a!fLc�`(\ze!k*]�_L`�W*X�Y���ZRfL\&] a!fLc�`(\bÄ²�j\<ZRfL��]�_L`���g�f�a6i0ZRc�k2a6c�`�]�\ze!k
]�_j`Qa6c(]�ZRe6fL\ Æ��

5. CONCLUSION AND FURTHER WORKS©5_j`QW*X�Y i0`(] a.��i0e��j`��²�.]�_L`�k�`�a!]���d�`�\8e6k�¡¢_jZRc�_�¡�`5_�a�¥�`5³��jZRc�·���g
\<�ji0i0`����j��ZRf�]�_jZR\���ehc��Li0`�fh]����j`�\<c(d�ZR�C`�\�e"���&`�c(]<��e!d�Zu`(f�]�`����ua!fj�
�6��a!�"`�\��La6\<`��se6fsc��ua6\<\<`�\�� º ]�\^c�_La!d a6c�]�`(d�ZR\&]�Zuc ZR\z]�e�c��L\&]�e6i0ZR\<`
]�_j`�e"�C`�d a!]�ZRe"fLa6�E\<`�i�a6fh]�ZRc�\Ae6k�]�_L`0��`�\<c(d�ZR�j]�ZRe"fj\Qa6fL��]�_L`^d�`��ua!�
]�ZRe6fL\<_LZR�j\5e6k�]�_Le6\<`��ua6fj�"��a!�"`�\�� º ]5ZR\5a!�u\<ez�Ce"\<\<ZR�L�R`§]�e�a6�L�0e6]�_j`(d
��`�\<c(d�ZR�j]�ZRe6fL\4a6f��^d�`��ua!]�ZRe"fj\<_LZR�L\4ZRkC]�_j`�Z�dE�L\<`¢ZR\Ec(e"i0��a.]�ZR�L�R`*¡¢ZR]�_
]�_je"\<`0]�_�a.]za6��d�`�a"��g�`(��ZR\&]��nW*X�Y[a6�R\<e°�jd�e.¥�Zu�j`�\^\<`�¥�`�d a6�5a!\<\<`(]�\
¡¢_jZRc�_�i�a�gÃa6�R�Re.¡ as_LZR�"_j`(d�i�a!ZRf�] a!ZRf�a6�jZR�uZ�]�gÃe!k^]�_j`�a6�j�L�RZRc�a!�
]�ZRe6fL\��

»n` _La�¥�`�\&] a!d<]�`��sZRi0�L�R`�i0`�fh]�ZRfL��`�a6c _�e6k§]�_L`�]�_jd�`�`0]�ehe"�R\0��`(�
\<c�d�Zu�C`��QZRfA\<`�c�]�Zue6fQ×j� ×jô"a*�jd�e6]�e!]�g��C`8e6k�]�_L`��jd�\&]V]�¡5e*e"fj`�\F\<_je"�j�#�
�C`Sd�`��R`�a6\<`��bZRf ]�_L`SfL`(��]4k2`(¡Ái0e"fh]�_j\��8©5_L`�]�_jZ�d �0]�ehe6��¡¢ZR�R��c�`(d<�
] a!ZRfL��g ] a!·�`��Re"fj�"`(d��

6. REFERENCESÇRÈ�É Â �HL5a6�Ce6�LZR�R�R`�¶"� ½ ��L�_LZR�"fje"�RZ²��J��HL4d�`(\<c�`�f�¶(ej�ªa!f��
J�� ¾ a6_jZRd�`6��~�ÍSg��C`(d<����·`�f�·`(d�ZRc�Z�]�·`A�Ce"��dS�R`�\¢�ua6fj��a!�"`�\�¸a
e"���&`�]�\^�8�R`Ai0e���¸`(�u`^¯�Å ¾ � ��ZRfª¹Eæ6q�U�ºp�é�p�qCå p�y�»�m½¼�¾1¾1¿
À yF{6qh|�{�|hp�~�p�çy»¤æ ë.Áp(tup�~ Á{ æ�x
Â�p�ç²~ÄÃ��LÍ�`(d�i0`�\§´�c�ZR`�fLc(`
J8�L�L�RZRc�a.]�Zue6fL\��6�<a6f�¥�ZR`(d�Ì � ��È"�

Ç Ì�ÉzÑz��ÅAZRc�¶�a!�R`�\����j�j±�`�\ ½ Zu¥�ZX¸`(d�`�\��La6fL� ±���Ñz� t e"��d�e.¡A��ÆVêLp
Ç é�ç5æVU�ç�êLp$»np�ç�{jm*x
Â.p<å(çyÈ*é&æ6ç�æ�å�æ"t �ªà º ©��ÄJ8d�`�\<\��VÈ�ä6ä�È"�

Ç Ð.É�J��j±�`�\&k#d a�gh�4m¢x
Â�p�å(ç�É*qh|6w2qªp�p�é w2q�| sEç�êLpSrFæ6}�é�ç�ê�ÊAw
�0p�qL~�w,æ6qj�
Â �L��ZR\<e"fj�,»n`�\<�R`(g�JE�j�L�RZR\<_LZRfL�AL�e��R�FÈ�ä6ä6×��

Ç ×!É t �Cà�`�gh`(d��Em¢x
Â.p<å(ç,è m�é�w�p�qjç�p ë�Ë æVU çX]�{!é�pZ¹Eæ6qj~�ç²é�}jå(ç²w,æ6qj�
J8d�e!k2`�\<\<ZRe"fLa6�8©F`(c�_jfLZRc�a6� ½ `(k2`(d�`(fLc�`"��J�d�`�fh]�Zuc(`AÍ�a6�R�²�
Ì!f��b`����R��È�ä6ä�â��

Ç ß�É t �C´h]<d�e"�j\&]<d��L�V�yÆVêLpP¹EÌ�ÌªÈ*é&æ�|6é<{ �%��w2qh|�yF{6qh|6}j{�|hp��
Â �L��ZR\<e"fj�,»n`�\<�R`(g�JE�j�L�RZR\<_LZRfL�AL�e��R�CÐ!d � `����R��È�ä"ä"â��

Ç á.Éz¯�����`�c(]�à�a6fLa6�"`(i0`�fh]SÑSd�e"�L����Í�qLw S5p ë »�æ ë p(t w2q�|
yF{6q�|6}j{�|hp Ë ojp<å(w S�å�{6ç²w²æ6qL��È(\&]§`����R��à�a!d�c _�Ì � ������Î4`�d�\<Zue6f
È"� Ð��

Ç â�ÉDÅ�� Â d�fLe"�u� a6f����j�ªÑ�e6\<�RZufj�j��ÆVêLp�Ï�{ ^!{%È5é<æ�|6é<{�����w�q�|
yF{6q�|6}j{�|hp��C©5_L`$��a�¥6a0´�`�d�Zu`(\^ö�ö(ö�k�d�e"iÀ]�_j`Q´�e6�jd�c�`"��´��jf
à�Zuc�d�e"\&g�\&]�`�i0\��CÐ.d � `��ª�R�CÌ��������

Ç ã.ÉQ±���Å��ua!f�a6�"a6f���Ï�{ ^!{0w2q�{�Ð�}�ç²~&êLp(t2tvÑ�{�Êzp�~V¥!ç�æ�o¦Ò5}�w,å_¥
Ó p
U�p�é<p�qCå p��ª¯z¨ ½ `�ZR�R�Rgh�LÐ!d � `����R�j±�`�c�`�iz�C`(dAÈ�ä6ä"ä��

Ç ä.É��j�CÑ�e6\<�RZufj�j� t �H�"e�gh��Ñz�C´h]�`�`��R`"�La6fL� t ��Ñz�u��ÆVêLp$Ï�{ ^!{
yF{6q�|6}j{�|hp Ë ojp<å(w S�å�{6ç²w²æ6qL�ª©5_j`^´��jf�à�ZRc(d�e6\&gj\&]�`(i0\�J�d�`�\<\
��a�¥"a0´�`(d�ZR`�\���´��Lf�à�ZRc(d�e"\&g�\&]�`�i0\��H�"�Lfj`QÌ � �����

Ç�È��.Ézà¤� t e6��¶�`(�"_Le6�L���ªÑz��Ñ�a!d �La.d�ZRfV�Ca!f���J��>Î4a6�u�j��d�Zu`e¶"�CyFp�~
æ�x
Â.p�ç²~��C¶�g�d�e"�R�R`�\��FÈ�ä"ä�âh�

Ç�È"È�Éz¯�����`�c(]�à�a6fLa6�"`(i0`�fh]SÑSd�e"�L����»¤p�ç�{�m¢x
Â�p�å(ç8rF{�å(w²t w2çXW
À »smEr�Ã Ë ojp<å(w S4å�{6ç²w,æ6qj�ªà�a!d�c _�Ì���������ÎE`(d�\<ZRe"fnÈ6� Ð��

Ç�È.Ì�Éz¯�����`�c(]�à�a6fLa6�"`(i0`�fh]SÑSd�e"�L����ÆVêjpA¹Eæ �%�0æ6qsm¢x
Â�p�å(ç
Ó pd¤(}Lp�~�çYÔ¢é<æ�¥�p�é�Ñ Ç é<å êhw2ç�p<å(ç²}�é<p�{6q ëPË ojp<å(w S4å�{6ç²w,æ6qj�
ÅL`��jd��La!d<g�Ì � ��È6�HÎE`(d�\<ZRe"f�Ìh� ×�� Ì��

Ç�È�Ð.É%É4v6ç�p�qj~ w²x�tup$»¤{6éd¥!}.o°yF{!q�|6}j{�|hp À�Õ »�y�Ã���Ì!f�� `����R��¯�c(]�e"�C`(d
Ì ��� ����Î4`(d�\<ZRe6fnÈ"� ���j»�Ð1L ½ `�c�e"i0i0`(f��La.]�ZRe"fV�

Ç�È�×!É ½ ��L5a!]<]�`(�u�²�C±z�>Å�� t a.d<d<gh�L±�� t a.d<]�`��R\���à¤� t `(d��R`(d��
�j��¶Ea6\&]�i�a!fV��´ª��Ñ�a6i0`(d�i�a!fV��±��>�"e!d �La6f�� Â ��´��jd�ZRfL�6`(d��
Íz�L´�]<d�ZRc ·��ua!f����La6fL� ±���»sa6�j`"�8m¢x
Â�p�å(çyÊ^{6ç�{�x�{6~(p
Ë ç�{6q ë {6é ë Ñ�myÊ)»�Ö½¼�×
¾.�Cà�e!d���a6f�ÅQa!�jk�i�a6fLf�J8�L�L�RZR\<_L`�d�\��
º fLc6�u��È�ä6ä�âh�


