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1 INTRODUCTION
¸�¹)º5»N¼?½S¾�¿�Àu½\Á.ÂNÃ}¸�ÄQ»NÀuÂD½1¿5Å)Æ)ÇÉÈHÊ?Ç4½1»?ËbÌ�Ì Í�¸�¾�¸�ÄQÈ%ÌMÌÏÎÐ¿�ÇÉÂDÆÑÅ<¹)º�»Ò¼?½\Ó´Å)Àu¿�»?Æ)½1»?ÔÖÕ)ÀuÅ)½1Å)¼?Å)Ã
× À:ÂNË�»?ØMÅ)À:Ù × Å)À$Ô,ÂD½1ÂÚ¼NÅ<Ë�Ë�Á.Æ)¿5¼?ÂD½1¿5Å)ÆÐÇ4Å × ½1ØMÂDÀ:»p¿5Ë�Õ)Ã�»?Ë�»NÆ<½1ÂN½\¿5Å)ÆzÛ�Ü�½�Ý)ÂNÇÞ¹)»Ò»?ÆÐÔ,»NßH»?Ã�Å)Õ<»NÔ
Ë�ÂD¿5Æ)Ã5Êà¿5Æâá�»?Ã5Ç4¿�Æ)ÙH¿äãTÆ)¿�ßH»?À:Ç4¿�½1ÊÖÅ ×oå »?¼NÝ<Æ)Å)Ã5Å)æ=Ê?ç Ç å »?Ã5»N¼?Å)Ë�Ë�Á.Æ)¿5¼?ÂD½1¿5Å)ÆâÈfÅ × ½1ØMÂNÀ:»ÖÂDÆ)Ô
è Á.Ã5½1¿�Ë�»NÔ,¿5ÂêézÂD¹<Å)À:ÂN½\Å<À:ÊÐÀ:»?Ç4»NÂNÀ:¼?ÝëÕ<À:Å)º5»N¼?½1Çì¼?ÂNÃ�Ã5»?Ô å À:ÂNÆ)Ç4Õ)ÂNÀ:»?Æ)½í¸�¹)ºî»N¼?½1Ó´Å)À:¿5»?Æ)½1»NÔï¾�¿�Àu½\Á.ÂNÃ
ð#ñ ¼?Ý)ÂNÆ)æ=»òÍ å ¸�¾ ð ÎëÂNÆ)ÔóÈfÅ × ½1Ø#ÂNÀ:»mô�¸�Æ × ¿5æ=Á.À:ÂN¹)Ã�» è Á.Ã5½\¿5Ô,¿5Ç�¼?¿5Õ)Ã5¿�Æ)»mÈfØ#¿5½1¼?Ý Í�Èfô�¸ è ÈNÎÒÛ
¸�¾�¸�ÄQÈ2ÌMÌõ¿5Ç�¹)ÂNÇ4»NÔ�Å)Æ�¿5Æ)½1»?æ=À:ÂN½1¿�Å)Æ�Å × ô�Å)Æ<Ô,Áf¿5½1ÇWÌíÓ × ÀuÂDË�»NØMÅ)ÀuÙ~ÂNÆ)Ô�¸�¾�¸�ÄQÈ2ÛNö�Ç4¼?Å)Ë å »N¼?Ý
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/ /  scoms/ sr c/ pf / condui t . h
/ /  Basi c i nt er f ace f or  cr eat i ng pf Condui t  pr oxi es and connect i ng t hem.

cl ass pf Condui t
{
    publ i c:

expl i c i t  pf Condui t ( pf Pr ot ocol  * i mpl ement at i on_ = 0) ;
voi d connect ToA( const  pf Condui t  &condui t _) ;
voi d connect ToB( const  pf Condui t  &condui t _) ;
voi d di sconnect ( voi d) ;

}

½m¾�¿�À�Á�Â�ÃÅÄSÁ�Æ�Ã\¾�Ç�Â�È�Ç�ÉBÈ�Ç�ÄSÁ�Æ'Ê)Ë
¿�È�Á�ÇÍÌ
À4Î�Ç4ÏNÃÅ¿�ÁÐÁ4¿-À4¾
Æ�Ì�Á�Ç�Â�Î�È�¿�ÃÅË
Æ'¾ÑË8ÒQË8È�Ó�Ë8Ô�Ó�¾ÕÈ�Ç�Ã�È�Â�¾
Ö ÄS×WÆ'Á4¿-Á4Ì
Á4Ó�ØsÙh¾�Ì�¾�È�ÒQÈ�Ç4ÉmÈ�Ç�ÄSÁ�Æ'Ê)Ë
¿�È�Á4Ç]Ì
À4Î�Ç4ÏNÃiÈ�ÃiË
Ó�Ã\ÁÚÈ�Ê Ö Ó�¾�Ê)¾�Ç�¿�¾�ÂEÈ�Ç Ö ÄS×WÆ'Á4¿-Á4Ì
Á4Ó�Û�Ô�Î�¿DÈ�¿DÈ�ÃÈ�Ç�ÒNÈ�Ã�È�Ô4Ó�¾+¿�ÁiÂ�¾�Ã�È�É6Ç�¾�ÆÝÜ�Ã�¾�¾+Ì
À4Ë Ö ¿�¾�ÆJÞ
ß�Ø

/ /  scoms/ sr c/ pf / pr ot ocol . h
/ /  The f i r st  t wo met hods ar e most  commonl y used i n pr ot ocol  i mpl ement at i ons.
/ /  The l ast  t wo ar e used by pf ,  and can be used f or  sendi ng e. g.
/ /  pf I nst al l Tr anspor t er s i n some r ar e cases.

cl ass pf Pr ot ocol  :  publ i c pf St at e,  publ i c sf Task,  publ i c pf Ti mer s
{
    publ i c:

v i r t ual  voi d t oA( pf Messenger  * messenger _) ;
       v i r t ual  voi d t oB( pf Messenger  * messenger _) ;
       v i r t ual  voi d t oA( pf Tr anspor t er  * t r anspor t er _) ;
       v i r t ual  voi d t oB( pf Tr anspor t er  * t r anspor t er _) ;
}

2.3 Information chunks
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X Y M N O P Q R

pfProtocol

_refCount = 3

pfConduit

*_implementation

pfConduit

*_implementation

pfConduit

*_implementation
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2.4 Relations between classes
}�~����"���
���!�4�
�������
�6�����%����������������~�����~������
~����%�
�"�"���:���!�b���
�6�����������y�
~����"���6�p���4�!���|�
���
�����6�����
� �����
~�����������~��������
~��
~��������"���������������/���%���
�������
~����6�

Clones
the

prototype

Holds

Has

pfAccessor

getDispatchKey()

Uses
to get 

key

Uses
to

install
conduits

1 1

1N N

1

N

1

1

1 pfMux

pfAccessor *_accessor

installOnSiceB()

pfConduit _prototype

makeConduit()

pfConduit

pfProtocol *_implementation

connectToA()
connectToB()

pfState

pfProtocol

pfState *_state

changeState(state)

pfAdapter

pfState
sfTask
pfTimers

pfFactory
1

pfMsg
Transporter

pfMessenger

pfTransporter

pfInstall
Transporter ...

pfTimer
Messenger

isupNni
Message

...
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Á
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pfTransporter

bool _asynchronous

atProtocol()
atMux()
atAdapter()
atFactory()

pfMsgTransporter

pfMessenger *_messenger

pfInstallTransporter

pfConduit _conduit

pfBroadcastTransporter pfUnInstallTransporter

pfKey _removeKey

pfCrossConnector

pfConduit _otherSide

pfKeyQueryTransporter

bool _keyAllocatedStatus

pfMessenger

apply()

Carries

pfTimerMessenger

apply()

pfIEcontainer

iemapType _parameters

setIE()
getIE()

pfTimer

*_timerMessenger;

start()
stop()
timeoutCallback()

Sends
to a
protocol

pfTimers

mapType _map

defineTimer()
startTimer()
stopTimer()

Inits
and 
stores

1

1

1N

1

1

sfTask

pfProtocol
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3 REFERENCE GUIDE
Ö�×�Ø
Ù·Ú�Û�Ü�Ý9Þ�ßxÝ
×�à°á%Þ�â�ã/ä�à�å�Ý�â�Þ�å�Ý
Û�Ø�å�ÙæØ�å�ß"Þ!Ü�ä�Û�Ý
Ø�Þ�å¦Û�ç�Þ�ã/Ý�Ý¬×!à°ä�Þ�ÙèÝ9â�Þ�ä�äpÞ�å¦â�é
Û�Ù�Ù�à�Ù·Ø�åêÝ¬×!à
ëEì ä�Þ�á%ã/é
à�Ø�å�Û�é
Ú�×�Û�ç�à�Ý¬Ø
â�Û6é�Þ�Ü�á%à�Ü6í

3.1 pfAccessor
î4ï=ð�ñ�ò»ópô/õ�ö�÷�ø4÷�ùú÷�û�û�ð�ø�ø�ü�ñ�ý
üþü�ÿ�ý
÷���ùþ÷�����ø��!÷�ý¬û�ö��=ðuò
	�ý¬ö!÷�ý�ø��!ð�û���
���ð�ø�ý
ö�ð|û�ü�ù!ù�ð�û�ý���ü!ù���
"ñ�ü�ó
÷�ù��
ù�û�ü�ó��
ù��»ópð�ø�ø�÷���ð�����ö�ð��
ó�����ð�ó�ð�ù!ý
ð���÷�û�û�ð�ø�ø�ü�ñ���ø��%ð�ñ��
ï=ð���
"ñ�ü�ó ��
�! û�û�ð�ø�ø�ü!ñ û��
÷�ø�ø�"�÷�ù����
ý
ópô�ø�ýxû�ü�ù�ý
÷���ù ÷�ý#�
ð�÷�ø�ý#��ð�ý�$��
ø���÷�ý¬û�ö�%�ð�ò&	 �|ópð�ý
ö�ü��('�ö��
û�ö)��ø û�÷��*�
ð�� ÿ�òpý ö�ðpó�ô/õ+	*,-����ô�ñ:ð/.�01"
ø�ý
ð���23�4��! ó�÷�õ5�
ó�ô/ó ï=÷���ô/ð�
"ü�ñ ó�ô/õ6�Gð�ò ópô/ø�ý ÿ!ð���ñ�ü�ï&�*�%ð��7'�ö!ð�ù�û�ñ�ð�÷6ý��
ù��»÷�ùp÷6û�û�ð�ø�ø�ü�ñ3�4�9ö!ð
ÿ�÷�ø�ð û���÷�ø�ø¦ü�
�
"ð�ñ�øêý
ö�ð ó�ð�ý
ö�ü��8��ð�ù!ð�ñ�÷6ý
ð�% ð�ò�	 �9
"ü�ñþû�ñ�ð�÷6ý��
ù��eù�ð�':"æô/ù�÷��*�
ü�ûu÷6ý
ð�� ó�ô/õ;�Gð�ò�ø<�
=-
�! û�û�ð�ø�ø�ü�ñ>�
ó�����ð�ó�ð�ù�ý
øxý¬ö!ð�?Gý
ñ�÷�ý
ð���ò���÷�ý
ý
ð�ñ�ùA@CB�D�E1F�G&01"���÷���ð�øIHJ.301KLH&M1H3NO	*��
�P¦ô/õRQ�SÕü�ù�ý
ð�õsý�"
��
�! û�û�ð�ø�ø�ü!ñ3Q�?Gý
ñ�÷�ý
ð���òT�4��! ø�÷�ñ�ð�ø�ô��
ýÕý
ö!ð�ó�ô/õþû�÷6ù ÿ�ð�ô/ø�ð�� ÷6ù�ò�' ö�ð�ñ�ð7�
ù ý
ö�ð�û�ü�ù��%ôU�
ý���ñ�÷���ö�"
ÿ�ð�û�÷�ô�ø�ð�ý
ö!ð4÷�û�û�ð�ø�ø�ü�ñV�
ø9ý
ö�ð�ü�ù���ò:��ñ�ü!ý¬ü!û�ü��&��ð���ð�ù��%ð�ù�ýJ��÷�ñ�ý��

/ /  scoms/ sr c/ pr ot ocol / i sup/ i supaccessor . cpp
/ /  The get Di spat chKey( )  met hod obt ai ns t he key t hat  i ndi v i duat es t he cal l .
/ /  I n I SUP i t  i s  Ci r cui t  I dent i f i cat i on Code ( CI C)  whi ch i n pr act i se i s a
/ /  t i mesl ot ,  and her e i t  i s  st or ed i n t he message as an I nf or mat i on El ement
/ /  ( I E) .  See pf I Econt ai ner  met hods.

pf Key i supAccessor  : :  get Di spat chKey( pf Messenger  * messenger _)
{
    pf Ul ong t i meSl ot ;
    i f ( messenger _- >i eAvai l abl e( i eCi r cui t I dent i f i cat i onSt r ) )
    {
        pf I E * i e = messenger _- >get I E( i eCi r cui t I dent i f i cat i onSt r ) ;
        i eCi r cui t I dent i f i cat i on * c i c =
            dynami c_cast <i eCi r cui t I dent i f i cat i on* >( i e) ;
        THROW_I F_DYNAMI C_CAST_FAI LED( ci c) ;
        t i meSl ot  = c i c- >get Ti meSl ot ( ) ;
        debugPf Ul ong( " Found t i mesl ot  " ,  t i meSl ot ) ;
    }
    el se
    {
        debugUser ( " Di dn’ t  f i nd CI C i n message! " ) ;
        THROW_I NVALI D_CALL_REFERENCE_VALUE;
    }

    r et ur n t i meSl ot ;
}

3.2 pfAdapter
W�XZY3[�Y�\�]�^�_`Y3a�]�bcY3bdY�XZe*X�]�^�_�f�Y�a�^hg�^4]�i�^4^�XZ]kj�^la�m�X�[�nUe*]+i:m�_�o�[pY3X�[pb�m�q
^h[�^�r1e�a�^lm�_
Y�\�\�o�e*a�Y�]�e*m�XVsut&m�q
^va�m�q
q
m�Xw_�nUo�^�b`Y3g�m�n�]xe�q�\�o*^�q�^4X�]�e*X�ylY3XzY3[�Y�\�]{^�_|f�m�_}Yv[�^�r1e�a�^8Y3_~^
b��1^�]�a�j�^�[-s��>j�^9Y3[�Y�\�]�^�_7e�b�[�^�_�e�r1^�[`f�_�m�q�]�j�^/Y3[�Y�\�]{^�[`[�^�r&e*a�^��If�m�_�^��1Y3q
\�o*^/Y�X;�����Lb�m�a��1^�]��
W����9�Lb�m�a��1^�]J^�]ka�s�\�f���^�r1e�a�^:a�o�Y�b�b�j�Y�b�\�nU_�^�r1e�_�]�n�Y�o�q
^�]�j�m�[�b�_�^�Y�[�W�a�]�e*m�X�� �>Y�X�[7i:_�e�]k^�WOa�]ke�m�X�� ���
]�j�Y�]>Y�_�^�_�^�i:_�e�]�]�^�X�nUb�e*X�y�]�j�^�q
^�]�j�m�[�bO]�j�Y�]�]�j�^�[�^�r1e�a�^�m�f�f�^�_�b<s&��j�^�_�^�Y�[�W�a�]ke�m�X�� �Oq�^�]�j�m�[�e�b
a�Y�o*o�^�[�g���\�f��
^�r1e�a�^���i:j�^�X`e�]uj�Y�b
_~^�Y�[�Y�f�_�Y�q�^9f�_�m�q�]kj�^�[�^�r1e�a�^���Y�X�[�e�]�e�b
y�e�r1^�X`]�m;]kj�^
Y�[�Y3\�]k^�_�f�m�_�f�nU_�]�j�^�_�\�_�m�a�^�b�b�e�X�y�s�i�_~e*]�^�W�a�]ke�m�X�� �6e�b�a�Y3o�o*^�[Ai:j�^�X(]�j�^
[�^�r1e�a�^
j�Y3b�\�_�m�a�^�b�b�^�[(Y
i:_�e�]�^�_�^��UnU^�b�]�Y�X�[�]kj�^O[�Y3]{Y:j�Y�b�g�^�^�X
b�^�X�]�s��TX�f�m�_�q�Y�]�e*m�X
a�j�nUX��&b�Y3_~_�e*r&e*X�y6Y�]�Y3[�Y�\�]�^�_�f�_~m�q�W��
b�e�[�^�Y�_�^:_�^�a�^�e*r&^�[�Y�X�[�j�Y�X�[�o�^�[�e*X�Y�X7�-t&��Y�b�nUb�nUY�o�s
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3.3 pfConduit
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¡�¢�£I¤�¥�¦�§U¨*©�½Ï×�±�¨�ª9¨*ª/¥�¤�©7©�±�­}¹�¶3ª�­�·�©�±�­}¡�¢�£I¤�¥�¦�§U¨*©�¹�¬�¶3ª�ª/¤�¢�¢�­�³�ª/¼*§Uª�©�¶)¡�¬*¶�¹�­�±�¤�¬*¦�­�³�¢�¤�³�¶
¹�¤�¥�¦�§U¨�©I¨�«�¡�¬�­�«�­�¥�©{¶3©�¨�¤�¥�½�×�±�­�¹�¤�¥�¦�§�¨�©I¨�«�¡�¬*­4«�­�¥�©�¶�©�¨*¤�¥�ª6ª�±�¤�§U¬�¦x»�­�¹�³�­�¶�©�­�¦x§Uª�¨*¥�¯Ô¹�³�­�¶�©k­ Ì Ñ
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­�ª�¡�­�¹�¨�¶3¬�¹�¶3ª�­�ª#«�¶�µ
¡�³~­�º&­�¥�©�¨�©k·�¢�¤�³>­�´5¶�«�¡�¬�­�¨*¢�¨�¥�«
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/ /  Cr eat e a i sup pr ot ocol  and t est  adapt er  i nst ances and connect  t hem.

pf Condui t  * i supPr oxy = i supPr ot ocol  : :  cr eat e( ) ;
pf Condui t  * adapt er Pr oxy = t est Adapt er  : :  cr eat e( ) ;
i supPr oxy- >connect ToB( adapt er Pr oxy) ;
adapt er Pr oxy- >connect ToA( i supPr oxy) ;

/ /  A nor mal  cr eat e f unct i on t hat  r et ur ns a pr oxy.

pf Condui t  pf Test UpPr ot ocol  : :  cr eat e( voi d)
{
    pf Pr ot ocol  * pr ot ocol  = new pf Test UpPr ot ocol ( ) ;
    pf Condui t  newCondui t  = pf Condui t ( pr ot ocol ) ;

    r et ur n newCondui t ;
}

pfDevice

pfAdapter

FAAdapter

...pfATMsocketpfIPsocket

cpcsATMAdapter ...

ß-à�á�â�ã�ä�å3æJç3èÏä�é�ê�à*ë�á�é�ë�ê�ì:ã�à�í�à*ë�á�í�î7ï�î�ð�ñ&ä�í�ç ß-à�á�â�ã�ä�å1å&ç3ò�ê�é�ó�í�ä�ãVð�ô*é�ï�ï>õ�à*ä�ã�é�ã�ð�õ�ö�ç

readCallback()

::read()

readAction() toA()

readDevice()

messageAct()

writeDevice()

::write()

writeAction()

I/O handler pfDevice adapter
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/ /  A Si ngl et on’ s cr eat e f unct i on coul d l ook l i ke t hi s:

pf Condui t  pf Test UpPr ot ocol  : :  cr eat e( voi d)
{
    i f ( _onl y == 0)
    {
    _onl y = new pf Test UpPr ot ocol ( ) ;
    }
    pf Condui t  newCondui t  = pf Condui t ( _onl y) ;
    r et ur n newCondui t ;
}

3.4 pfDebug
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debugUser ( " her e we go" ) ;
debugPf Ul ong( " number  " ,  i ) ;
debugSt r i ng( " st r i ng " ,  a) ;
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DEBUG:  TRACE:  TI MESTAMP:  Thu Jul  22 12: 38: 13 1999 932636293 sec 464557 usec :
debug. cpp :  289
DEBUG:  START_RUNNI NG:  i supPr ot ocol _258 r uns s i gSETUPr eq_743 ( i supI dl e)
DEBUG:  TRACE:  CI C not  pr esent !  :  i suppr ot ocol . cpp :  293
DEBUG: TRACE:  i supPr ot ocol : : changeMuxRef er ence f ound no CI C i n message!  :
i suppr ot ocol . cpp :  219
DEBUG:  TRACE:  occur ed except i on = st r i ng :  s i gExcept i on :  except i on. cpp :  114
DEBUG:  TRACE:  f i l e = st r i ng :  i suppr ot ocol . cpp :  except i on. cpp :  115
DEBUG:  TRACE:  l i ne = pf Ul ong :  220 :  except i on. cpp :  116
DEBUG:  TRACE:  cause = pf Ul ong :  41 :  except i on. cpp :  117
DEBUG:  TRACE:  Fai l ed t o set  cor r ect  mux r ef er ence!  :  i supst at e_i dl e. cpp :  71
DEBUG:  END_RUNNI NG

3.5 pfException
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3.6 pfFactory
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/ /  scoms/ sr c/ sw/ swpdhl i nk. cpp
/ /  I SUP pr ot ot ype and f act or y

pf Condui t  i supPr oxy = swSwi t ch: : i nst ance( ) - >get PDHpr ot ot ype( ) ;
i supPr oxy. set I d( l i nkI dent i f i er _) ;
_f act or yPr oxy = pf Fact or y: : cr eat eFact or y( i supPr oxy) ;
_f act or yPr oxy. set I d( l i nkI dent i f i er _) ;

/ /  scoms/ sr c/ sw/ swl i nk. cpp

_f act or yPr oxy. connect ToA( _muxPr oxy) ;
_muxPr oxy. connect ToB( _f act or yPr oxy) ;

3.7 pfFrame
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/ /  scoms/ sr c/ pf / f r ame. h
/ /  Some i mpor t ant  met hods of  t he f r ame expl ai ned.

publ i c:

/ /  Ret ur ns t he l engt h of  t he dat a i n oct et s.
pf Ul ong l engt h( voi d)  const ;

/ /  Met hods f or  r eadi ng/ wr i t i ng dat a t o f r ame.  Read dat a i s r emoved f r om t he
/ /  f r ame.

voi d put Fi r st ( pf Byt e byt e_) ;
voi d put Fi r st 16bi t ( pf Ul ong val ue_) ;

       voi d put Fi r st 24bi t ( pf Ul ong val ue_) ;
       voi d put Fi r st 32bi t ( pf Ul ong val ue_) ;
       voi d put Fi r st ( const  pf Byt e * byt e_,  pf Ul ong l engt h_) ;
       pf Byt e get Fi r st ( voi d) ;
       pf Ul ong get Fi r st 16bi t ( voi d) ;
       pf Ul ong get Fi r st 24bi t ( voi d) ;
       pf Ul ong get Fi r st 32bi t ( voi d) ;

/ /  The dat a can be al so wr i t t en t o t he end of  f r ame.
       voi d put Last ( pf Byt e byt e_) ;
       voi d put Last 16bi t ( pf Ul ong val ue_) ;
       voi d put Last 24bi t ( pf Ul ong val ue_) ;
       voi d put Last 32bi t ( pf Ul ong val ue_) ;
       voi d put Last ( const  pf Byt e * byt e_,  pf Ul ong l engt h_) ;
       pf Byt e get Last ( voi d) ;
       pf Ul ong get Last 16bi t ( voi d) ;
       pf Ul ong get Last 24bi t ( voi d) ;
       pf Ul ong get Last 32bi t ( voi d) ;

/ /  These met hods r ead t he dat a at  a gi ven of f set ,  but  do not  r emove i t .
       pf Byt e r ead( pf Ul ong of f set _)  const ;
       pf Ul ong r ead16bi t ( pf Ul ong of f set _)  const ;
       pf Ul ong r ead24bi t ( pf Ul ong of f set _)  const ;
       pf Ul ong r ead32bi t ( pf Ul ong of f set _)  const ;
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/ /  The dat a can al so be wr i t t en t o speci f i c  of f set .  The or i gi nal  dat a wi l l
/ /  be r epl aced.  get SubFr ame( )  cr eat es a new f r ame,  but  does not  al t er  t he
/ /  or i gi nal  dat a.
       voi d wr i t e( pf Byt e val ue_,  pf Ul ong of f set _) ;
       pf Fr ame get SubFr ame( pf Ul ong st ar t _,  pf Ul ong l engt h_)  const ;

3.8 pfIE
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/ /  scoms/ sr c/ pr ot ocol / i sup/ i suppr ot ocol . cpp
/ /  pf Messenger  i s used t o car r y i nf or mat i on el ement s.  I n t hi s exampl e t he
/ /  same ci r cui t  i dent i f i cat i on code I E i s set  t o ever y message.

voi d i supPr ot ocol  : :  set Cal l Ref er ence( pf Messenger  * message_)
{
    i f  ( _CI Cset  == t r ue)
    {
        pf I E * i ePt r  = _CI C- >cl one( ) ;
        message_- >set I E( i eCi r cui t I dent i f i cat i onSt r ,  i ePt r ) ;
    }
    el se
    {
        debugUser ( " CI C not  known and not  set  t o message" ) ;
    }
    r et ur n;
}

3.9 pfIEcontainer
c�d�e'f�g
h�i�j�k�l�i�m�nal+oqp>o/m
r]j�h]o/j�h�nCmsl�i�d�h�n8t9k
j;l�h�ium�v+m�t]m�i�j�o�w�e'jKp>o/m�oqkDx�j�k
i�r�k�nCr]y�m
t]c�v�k�j�msz{l+|�nCk�n8}
~ x�y�z��Mt9k
c)j;h)o/j�h�nCm�j;��m�ebf�l�i�o/j�k�i�g�m�o/��j;��k�j]k�nCm�l+r�m�i�j�l+d�l�m�r��5l+j���o'j�nCl�i��To�w[c�d�ebf�g�h�i�j�k
l+i�m�n
c�n8h��Vl�r�m�o�t9m�j���h�r�o�d�h�n�o/j�h�nCl�i���k
i�r�r�m�v�m
j�l�i���l�i�d�h�nCt]k�j�l�h�i�m�v+m�t]m
i�j;oBj���k
j5k
nCmWr�m�nCl+��m�r�d�nCh�t
c�d�e'f�g
v�k
o'o�w

3.10  pfMessenger
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/ /  scoms/ sr c/ pr ot ocol / i sup/ i supnni messages. cpp
/ /  Cur r ent  st at e of  I SUP i s gi ven as par amet er  t o appl y( ) .

voi d i supNni I AMpdu : :  appl y( pf St at e * st at e_,  pf Pr ot ocol  * pr ot ocol _)
{
    i supNni MessageI nput s * i nput  =
        dynami c_cast <i supNni MessageI nput s* >( st at e_) ;
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    THROW_I F_DYNAMI C_CAST_FAI LED( i nput ) ;
    i nput - >i supNni I AMpduAct ( t hi s,  pr ot ocol _) ;
    r et ur n;
}

3.11  pfMux
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/ /  scoms/ sr c/ sw/ swpdhl i nk. cpp
/ /  An accessor  i s gi ven t o mux’ s const r uct or .

    pf Accessor  * accessor  = new i supAccessor ( _maxMuxKeyVal ue) ;
    _muxPr oxy = pf Mux: : cr eat eMux( accessor ) ;
    _muxPr oxy. set I d( l i nkI dent i f i er _) ;

/ /  scoms/ sr c/ pr ot ocol / i sup/ i suppr ot ocol . cpp

pf Pr ot ocol  * i supPr ot ocol  : :  c l oneI mpl ement at i on( voi d)  const
{
    pf Pr ot ocol  * pr ot ocol  = new i supPr ot ocol ( * t hi s) ;
    r et ur n pr ot ocol ;
}

3.12  pfProtocol
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3.13  pfState
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/ /  scoms/ sr c/ pr ot ocol / i supst at e_i dl e. cpp
/ /  Her e t he usage of  Si ngl et on pat t er n i s seen.  The const r uct or  i s
/ /  pr ot ect ed,  and t he st at i c i nst ance( )  met hod i s used t o get  a poi nt er  t o
/ /  t he pr ot ocol  i nst ance.  * _onl y i s a pr i vat e st at i c poi nt er  t o t he st at e,
/ /  and i f  i t  i s  empt y,  a new ( and onl y)  st at e i nst ance i s cr eat ed.

i supI dl e * i supI dl e : :  _onl y = 0;

i supI dl e * i supI dl e : :  i nst ance( voi d)
{
    i f  ( _onl y == 0)
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    {
        _onl y = new i supI dl e;
    }
    r et ur n _onl y;
}

i supI dl e : :  i supI dl e( voi d)
    :  i supSt at e( )
{
    r et ur n;
}
/ /  . . .
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/ /  scoms/ sr c/ pr ot ocol / i sup/ i supst at e. h
/ /  The i nput s ar e di v i ded i n 3 gr oups:  pr i mi t i ves on up si de,  PDUs and
/ /  t i meout s.  i supSt at e i s a base cl ass,  t hat  cont ai ns def aul t  f unct i ons f or
/ /  i nput s.

c l ass i supSt at e :  publ i c pf St at e,
                  publ i c s i gDownI nput s,
                  publ i c i supNni MessageI nput s,
                  publ i c i supTi meout I nput s
{
    publ i c:

        / /  s i gDownI nput s
        v i r t ual  voi d s i gSETUPr eqAct (
            s i gSETUPr eq * message_,
            pf Pr ot ocol  * pr ot ocol _) ;
/ / . . .

  / /  i supNni MessageI nput s
        v i r t ual  voi d i supNni ACMpduAct (
            i supNni ACMpdu * message_,
            pf Pr ot ocol  * pr ot ocol _) ;
/ / . . .

        / /  Ti meout s
        v i r t ual  voi d i supT1t i meout Act ( pf Pr ot ocol  * pr ot ocol _) ;
        v i r t ual  voi d i supT5t i meout Act ( pf Pr ot ocol  * pr ot ocol _) ;
        v i r t ual  voi d i supT7t i meout Act ( pf Pr ot ocol  * pr ot ocol _) ;
        v i r t ual  voi d i supT9t i meout Act ( pf Pr ot ocol  * pr ot ocol _) ;

    pr ot ect ed:
        i supSt at e( voi d) ;
        v i r t ual  ~i supSt at e( voi d) ;

        i supPr ot ocol  * pr ot ocol Cast ( pf Pr ot ocol  * pr ot ocol _)  const ;
} ;
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/ /  scoms/ sr c/ pr ot ocol / i supni pr ot ocol . cpp
/ /  I SUP’ s NI  pr ot ocol  const r uct or .

i supNi Pr ot ocol  : :  i supNi Pr ot ocol ( )
{
    changeSt at e( i supNi St at e: : i nst ance( ) ) ;
    r et ur n;
}

3.14 pfSystem
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/ /  I ni t  i s  cal l ed i n t he begi nni ng of  mai n pr ogr am.
pf Syst em: : i ni t ( ar gc,  ar gv) ;

/ /  Run i s cal l ed i n t he end of  mai n pr ogr am,  af t er  necessar y condui t s ar e
/ /  cr eat ed and connect ed.  I t  causes an endl ess l oop t o begi n.
pf Syst em: : i nst ance( ) - >r un( ) ;

/ /  Next  r uns onl y one st ep of  sf  schedul er .  I t  can be used f or  debuggi ng
/ /  pur poses.
pf Syst em: : i nst ance( ) - >next ( ) ;

3.15  pfTimer
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3.16  pfTimerMessenger
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/ /  scoms/ sr c/ pr ot ocol / i supt i meout s. cpp

pf Ti mer Messenger  * i supT1t i meout  : :  c l one( voi d)  const
{
    i supT1t i meout  * messenger  = new i supT1t i meout ( * t hi s) ;
    r et ur n messenger ;
}

voi d i supT1t i meout  : :  appl y( pf St at e * st at e_,  pf Pr ot ocol  * pr ot ocol _)
{
    i supTi meout I nput s * i nput  = dynami c_cast <i supTi meout I nput s* >( st at e_) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( i nput ) ;
    i nput - >i supT1t i meout Act ( pr ot ocol _) ;
    r et ur n;
}
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3.17  pfTimers
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/ /  scoms/ sr c/ pr ot ocol / i sup/ i suppr ot ocol . cpp
/ /  i supT1St r  i s a st r i ng t hat  speci f i es t he t i mer .

def i neTi mer ( i supT1St r ,  i supT1t i meout : : cr eat e( ) ,  _T1val ue) ;
st ar t Ti mer ( i supT1St r ) ;
st opTi mer ( i supT1St r ) ;

/ /  New t i meout  val ue can be set  as mi l l i seconds.  A t i mer  goes i nact i ve when
/ /  i t  i s  st opped or  when i t  expi r es.

set Ti meout ( i supT1St r ,  3000) ;
bool  r esul t  = i sTi mer Act i ve( i supT1St r ) ;

3.18  pfTransporter
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BM?AC*DE36585836>A9:36<+IS7�<=@AN/>APT7	Q�@(>APUN/KM; 9:<=7�?AV0W�XY58N/7�Z[Z[R�KM; @A<HKM9:K[>A7�;\365�36K[;\V(3�<]C*<=@A2^7	7�PU7�?A;!36<_@A<
C*<=@(2`7S?A<=@A;!@AQ6@AZaW

• bOcAdHeAf�gUh6f�i8jkj!dHf�lAi8mAe(d=j!n�dpoMmAq*rsd=eAf�gUh6f�i8j!tsd=f�lAi8mAeAd=j!n6d+uwv[iyx/i8n6gzj!e{h�f�d=d=|}fp~4n6i8i,n6lA�:n6d
oMmAq*�En6i8i8n6lA�:n6d+u�f�d=eAx/lAg�f4h6eAl(gUx�v[jS�:d=f�mA�0���Yi8x/f��[�M|�v[j�eAd=v[�:vMlAf�j!n6i�n6v[j!�An6dYq*d=eA~�f4mAdHeAj!eAh6eA�
j!�Ad=e(x��:��f�~
x/���Gts�An�~
n6i8i,n6lA�:n6d�~
x/i8j��(f���n�f�h6�[eAlAn�o u�~4n�j!�Ae(g�j!�(f�j�vMi�h6f��[�Mn6gp���An6l
i8n6lAgUv[lA��j!�An�j\dHf�lAi8mAe(d=j!n�dHiGj!e�m(d=eAj!eAh6eA�[iGe(��n6d�~
x/���

• �����M�A�8�!���M���! =���A�8¡A¢A =�!£6 	¤M¡A¥*¦§�(�,�!���M�[¨s =���A�8¡A¢A =�!£6 +©��M�«ª/�,£6¬��!¢��M�(�,�!���M�­��®6¢A�A¬Uª/�M�G¢A¯A°[£6®6�G�!¢��\±(£² �8�M¬U£�¢A¥0�!±A£�¥*�[ =�8��³
ª/´Y�[��£6�A®6¢Aª/�A�!£6 =��µ�¶	�,ª/���M�[·��M��¢A H�M¸:�[�A���\£6�s¥* =¢A³¹�]¥*��®6�!¢A =·�µ
• º�»¹¼/»A½�¾[»A¿8À\Á�Â[Â�ÃsÄ=Á�»A¿8ÅAÆAÄ=À!Ç6ÄyÈMÅAÉ*ÊY»AË,»A¿8À!Á�Â[ÂMÃsÄ=Á�»A¿8ÅAÆAÄHÀ\Ç6Ä+Ì�¾[¿�¼/¿8Ç6ÍÎÀ!ÆÏÄ=Ç6Ð
ÆAÑ�ÇÒÁÔÓ6ÆA»AÍU¼/¾[À

ÆAÕ(ÖMÇ6Ó6ÀÒÉ*Ä=ÆAÐ × ¿,¾[ÍUÇ{ÆAÉ}À!ØAÇ{É*¾MÄH¿,ÀÙÐ4¼�ÚÛ¾M»ÜÇ6»AÓ6ÆA¼/»AÀ!Ç6Ä=¿�ÝÞÅ(É*ÊY»AË,»A¿8À\Á�Â[ÂMÃsÄ=Á�»A¿8ÅAÆAÄ=À!Ç6Ä=ßM¿
Ó6ÆA»A¿8À!Ä=¼/Ó6À!ÆAÄ]Ð
¼/¿8À Õ(Ç�à:¾[Ñ�Ç6»�À!ØAÇ�Ð4¼�Úâá�Ç6ã�Á�¿«ÅAÁ�Ä=Á�Ð4Ç6À\Ç6Ä=ä�¿8ÆEÀ\Ø(Á�ÀsÀ!ØAÇ�Ð4¼�Úâá�»(ÆAå�¿«å�ØA¾MÓ6Ø
Ó6ÆA»AÍU¼/¾[À�¾MÀ�Ð
¼/¿8À�Ç6Ä=Á�¿8Ç�Ý

/ /  scoms/ sr c/ pr ot ocol / i sup/ i suppr ot ocol . cpp
/ /  Thi s i s an exampl e of  changi ng t he mux key by f i r st  uni nst al l i ng t he
/ /  connect i on,  and t hen i nst al l i ng anot her  one.  Usual l y t hi s k i nd of  t r i cks
/ /  ar e not  necessar y.

i f ( _key ! = t i meSl ot )
{
    pf UnI nst al l Tr anspor t er  uni nst al l er  =

pf UnI nst al l Tr anspor t er : : cr eat eUnI nst al l Tr anspor t er ( _key) ;
    t oA( &uni nst al l er ) ;

    pf Condui t  condui t ( t hi s) ;
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    pf I nst al l Tr anspor t er  i nst al l er  =
pf I nst al l Tr anspor t er : : cr eat eI nst al l Tr anspor t er ( condui t ) ;

    i nst al l er . set Key( t i meSl ot ) ;
    t oA( &i nst al l er ) ;
}

• ê ë6ì=íAî8î�ë6íAïAï(ð�ë%ñ!ð�ìÎòMóAô*õ�ìHíAî8î,õ_íAïAïAð6ë6ñ!ð6ì+ö�÷Mî}ø�î8ð6ùúñ\íÛð6î8ñ!û�üAý[÷Mî8þÛû�ïÛ÷[ïAñ!ð6ì=ë6íAïAï(ð6ë6ñ\÷[íAï
üAð6ñ!ÿ�ð6ð6ï�ñ\ÿ�í�óAì=íAñ!í(ë6íAý0ë6íAïAùUø/÷[ñ\î	÷Mï�ùU÷Mô*ô*ð6ì=ð6ïAñ_ýM÷[ï���î����,ñ�þAû�îYñ!þAð�íAñ!þAð6ì«î8÷[ùUð�ë6íAï(ùUø�÷[ñ_û�î�û
ùUû�ñ!û��4ð��4ü(ð�ì��

• 	�

�������������������������� ��������"!#��$&%'����()�*������+,�������-�� ��������/.102�3���-��45�6 7�����������"89��:;02$<�
�-����=�0#$&02��4>

���?0#�,��@#@2 �=����6��4>02�A02�6�,8)���A ��B�� ���C

/ /  scoms/ sr c/ pr ot ocol / i sup/ i supni pr ot ocol . cpp

pf Bool ean i supNi Pr ot ocol  : :  i sMuxKeyAl l ocat ed( const  pf Key key_)
{
    pf KeyQuer yTr anspor t er  keyQuer y =
        pf KeyQuer yTr anspor t er : : cr eat eKeyQuer yTr anspor t er ( key_) ;
    t oB( &keyQuer y) ;
    pf Bool ean r esul t  = keyQuer y. keyAl l ocat edSt at us( ) ;
    r et ur n r esul t ;
}
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4 HOW PF AND SF WORK TOGETHER
I�J&K,L2M9N�OQP�R�S1I�J&TUO�V�W�V�X�V�YZP�O�N[S�N�O�L2\
N�S]J&O�V�M_^-J&K,P�^-`ba?c�L#X�c3L#^'P[d�P�^�NeX�Y2P�^-^'J&V�OQ^-X�c�N�S�f�Y#P�d�Y2N
V�d�g#N�X�W�^ihj^-J&KkP�^-`9X�V�R�W�P�L#R�^lX�P�Y#Y2d�P�X�`9J&f�R�X�W�L#V�R�^?W�c�P�WZP�O�NmV�\
N�O�O�L#S�N�SnL#RoW�c�NpS�N�O�L2\
N�SqX�Y2P�^-^-N�^�hjKkc�N
I�O�V�W�V�X�V�YrP�^-`
^bJ&V�OnI�O�V�X�N�^�^-L2R�s"W�L#M)N�tuP�R�SvW�c�NwW�L2M9N�OoP�^-`
^<J&V�OoP3W�L#M)N�V�f�WxhyK,c�Nz^-X�c�N�S�f�Y#N�O
O�N�^-I�V�R�S�^ka?L2W�cAX�P�Y2Y#L2R�srW�c�N?X�V�O�O�N�^-I�V�R�S�L#R�srX�P�Y#Y2d�P�X�`pM9N�W�c�V�SUh

4.1 Synchronous/asynchronous messages{}|�~�����������~�|���~Q�����w���q�-��|����-��������~����������>��~p�-��������~����������i�����Q�#|��2�>�-��������~��������*�-�k�#|����#�����H�
��|�����~l|����-�
�u�������#�u��~��������-�������#�)�)�����2��|6���2�*�
�����2|k�2��������������~����������-��|6���'�����������2|k�-�����������#���u�2|
���?~�����������|��2���r��~��������-�-�#���r|6�2�9�?�&~�����|����?�-�����������2��~��

� ���"����������|�� ���)��|��������2�]�����2�#�������"������|�����~<�����������2|��m|���~����*� �5�¡��~���¢j�"|�����|q�����2���1|����
��~���|��������������?|����A|�~������-����~�|6��~�£?���p����|��-��������~����������-�U|����9�������i��|�� �Q£?�����#���������-�9��|�¤U~���|��������¥� �
�����#�*�#�)�9�����2��|����#��£?�#|�������|��-�����������2�#�����

4.2 Synchronous/asynchronous conduits¦l§
¨�©�ª¬«�­�®�¯�°�±#²³±#´)µ�¶#¨�´)¨�®�²�·�²6±2­�®¹¸�·�º»·�®¹·�«�«�¨�µ�²�¼ ½}´)¨�²�¸�­�¯�²�¸�·�²³²�·�¾H¨�º»·�®¿±#®�«�­�´)±#®�À
µ�Á&Â,©�·�®�º-µ�­�©�²6¨�©3·�º¡µ�·�©�·�´)¨�²6¨�©�ÃQÂ,¸�·�²b´)¨�²�¸�­�¯Ä²�¸�¨�®}«�·�¶2¶#º¡¨�±2²6¸�¨�©w·�«�«�¨�µ�²�ÅHª�®�«�¸�©�­�®�­�°�º�¼ ½Æ­�©
·�«�«�¨�µ�²¥Ç�º-ª�®�«�¸�©�­�®�­�°�º�¼ ½È´9¨�²�¸�­�¯�º�Ã[µ�Á&ÉÊ°�ËÌ·�®�¯Íµ�Á&ÎU·�«�²6­�©�ªÄ«�·�¶2¶]·�«�«�¨�µ�²�ÅHª�®�«i¸�©�­�®�­�°*º�¼ ½È·�º
¯�¨�Á&·�°*¶2²�ÏÑÐ?¸�±#¶2¨'µ�Á&Ç�¯�·�µ�²�¨�©?·�®�¯�µ�Á&ÒU©�­�²6­�«�­�¶Ó«�¸�¨�«�¾n±2Ál²�¸�¨>²�©�·�®�º�µ�­�©�²�¨�©�±#ºrº-¨�²F²�­b·�º�ª�®�«�¸�©�­�®�­�°�º
­�©Zº-ª�®�«�¸�©�­�®�­�°�º-Ï*·�®�¯A·�«�²Ñ­�®)²6¸�·�²ÑÔ�·�º-±2ºiÃiÂk¸�¨�·�º-ª�®�«�¸�©�­�®�­�°�ºF²�©�·�®�º-µ�­�©�²6¨�©�ºy·�©�¨�²�¸�¨�®)µ�°�º-¸�¨�¯A²�­
º-«�¸�¨�¯�°�¶#¨�©�Õ#º�´9¨�º-º-·�À ¨rÖ�°*¨�°�¨*Ã�Â,¸�¨u²�©�·�®�º-µ�­�©�²¥¨�©kÀ ­�¨�º�²�­[²�¸�¨rÔ�·�«�¾A­�Ák²�¸�¨rÖ�°�¨�°�¨r·�º�¯�¨�Á&·�°�¶#²�Ï�Ô�°�²
±2Á[±2²>±#º�Ð?·�®�²�¨�¯×²6­vÀ ­×Á&±2©�º-²�Ï�²�¸�¨1µ�Á&Âk©�·�®�º-µ�­�©�²�¨�©�ÕØºÊº�¨�²�Å*·�§H¨�Éb¨�²�¸�­�¯�ÙA¨�·�¯U¼ ½�´9¨�²�¸�­�¯×«�·�®vÔ�¨
«�·�¶#¶2¨�¯UÃÚÂ,¸�·�²l«�­�°�¶2¯1Ô�¨e°�º�·�Ô�¶2¨e±#Ár²�¸�¨eµ�©�­�²6­�«�­�¶kÁ&­�©Q¨�Ëj·�´9µ�¶2¨eÐ?·�®�²�¨�¯3²�­3º-¨�®�¯3·e´9¨�º-º�·�À ¨e²�­
±2²�º�¨�¶2ÁÛÃ

accept(t) push(t)

requestCPU()

runCallback() pop()

atProtocol(p, s)

apply(s, p)

messageAct(p)

t=transporter
p=protocol
s=state

Scheduler Protocol Transporter Messenger State

ÜUÝ2Þ ß*à�áãâ�ä�å�æ*ç�è�á�é�ß*ê2Ý2ë�Þrì�ë9Ý#ë�ç�í�î)Ý#ë�Þrî9á�ï-ï�ì�Þ á*å
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4.3 Timer functionó,ô2õ9ö�÷lô2ø�ô2ù�úHû�ü
ö�ý�þ�ÿ�����÷�û���û���û��	�
��ù�ý��
��ö���ô#õ)ö�û�����������ô#û�ùbô#øuõ��������2ô#üHö��lô	�
���
��ö>õ9ö�ø-ø���� ö�ø��
ó���ö���ô#õ)ö�û���� õ)ö�ø-ø���� ö�ø���÷�ö?ø�ö���ø-ÿ�ù�����÷�û�ù�û���ø��

4.4 Function calls between conduits����� �"!	#%$�&'��()$+*�,�-	�/.102$+.3#�0�4256-	798�-:$+� !	;=<".
0��/,�5�� ,�4�#��/$�&27>;=5�&�8�.
!	4�&'4�;�#�4�*��/!:*?,�4�� .@$�&2.
8�-	$�#�#���#A,�� ��#���&�.
�+7�!:&B.102��CD��;=�+�E�+&28���FG5�!	7H�JIJKL02�+&�$3*���#�#�$�FG��$�� �E!:MJ�+#N$+.�$3*?56(PO
$+&�$�8�8���#�#�4��
4�Q2.1$+!	&�#R!	.1#S8+$+-	-T� ��;=�+�E�+&28+��MP$+-:5��6IHUV;W.
0���*�5�(%7H4���#S&�4�.X02$�MJ��#V5�8�0/8�$+-:-Y<���.
OZ$�&���[\,��E4�.
4�8�4�-
!	&�#�.
$�&�8���!	#]!	&�#�.
$�-	-	�+7^42&�!:.VI

start()

requestTimeout()

timeoutCallback()

accept(t)

atProtocol(p, s)

apply(s, p)

timeoutAct(p)

t=transporter
p=protocol
s=state

Scheduler Timer Protocol Transporter Messenger State

_Z`	aGb6c d�e�f
g�h6i�j�d�kHb6l	`	m�aonpm2d+qsr
`	t�d�u�b�rVg

pfMux

pfFactory
Example
Protocol

Example
accessor

pfMsg
Transporter

Example
message

arrives

vZw	xGy6z {�|�}
~����?{+�����+xG{��+z z w	�P{����+���?y��?~
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�Z�	�G�6� �����
���L�2���
���+�������������������������s��� �2�1�2�+�2 J��¡2¢:���+�
�	���:�����
�+ : 	��£^������¤���¥¦��§6�
�����A� �©¨ �+� �
�2����£H 	��£^��ª+�2�+�2� ���������� 	ªJ�

pfMsgTransporter

pfMux

exampleMessenger

exampleAccessor

pfFactory

exampleProtocol

1. accept(transp)

2. atMux(this) 3. tryToGoToB(this)

4. getDispatchKey(msg)

5. Obtains the key

6. accept(transp)

10. accept(transp)

9. Creates and
connects to mux

7. atFactory(this)

11. atProtocol(this, state) 

8. makeConduit() 12. apply(state, protocol)
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5 USER’S GUIDE
®�¯�°	±�²�³�´Eµ�¶2·Tµ1¯2¸�¹H¶2º+»�¼?¸+½2µ�¹H´E³+¾�±]±�¶�¼?¸�º+¶2¼?¼�¶�½�¿G»�°	¹H¸�À:°	½�¸�±�³�Á�¶2»6µ
»�±�°:½2¿oÂ?ÃWÂÅÄZÆ
Ç�Ç�È

5.1 Some things to remember

• ÉËÊEÌ+Í+Î
Ì�Ï+Ð2Ñ�Ò�Ï�Ð�Ó�Ô�Î
Ê Õ�Ï�Î
Ð�Ê Ô�Î
Ð�Ì�ÖJÌ+ÊEÒ�Ï�×	Í�Ô�Ô�Ø�Ù�Ú�Û	Ô�Û:Ô�Ì�Ô�Ñ�Ì�Ï�Û:Í+×:×	Ò�Û:Ü?Ñ�Ð�Ê Î
Í+Ó2Î�Û	Ó�Ï�×	Í�Ô�Ô�Ì�Ô]×	Û	ÝPÌ
Ñ�ÊEÐ�Î
Ð�Ï�Ð�×:Ô�Î
Ú�Í+Î
Ü?Í�Ò�Þ�Ì�Ï�×:Ð2Ó�Ì�ßHàJÞ�Õ�Î�Û	Î
Û:Ô�Ì�Í+ÔVÛ	Ì�ÊYÎ
Ð�Û	Ü�Ñ�×	Ì�Ü?Ì+Ó2Î�Î
Ú2Ì�Ï�Ð�Ñ�Ò�Ï�Ð�Ó2ÔVÎ
Ê Õ�Ï�Î
Ð�Ê Ô�Û	Ó
Ì�ÖPÌ�Ê Ò�Ï�×	Í�Ô�Ô�Ø

• áËâ2ã�äHå�æ:ç
è�éPê�ë ì�í+ç1ì6î ï]ð?ì�ç1ñ2â�äHè�èVñ2â�å�ò:ä^ë ì�ç
å�ë ã�í�ó�ô=õZë â�ç
â�ê�â�ò6ó�ë â�öP÷Jø+ù�ñ�æ:è�æ	è�ç1â�ì+ã2í�ú�ò	ì�ç
ñ�ì
í+å�ç1â2ð�í+ç1æ	ê�ð?ì�ð�â�ë ÷�ð?í+ã�í+ûGì+ð?ì�ã�çVø+üJæ	ã�ûGò	ì+ç
â�ã�ê+ò	í+èVè�ì�è�ð�å�è�ç
í�ò	è�â�ñ�í+ýPì�í�ê�ë ì�í�ç@ì6î ï]ð?ì�ç
ñ�â�ä
â�ëþèVæ	ð�æ	ò	í�ë�ø

• ÿ�������������	�

��������

��������������������������������

����

���! #"������$

�����������%���� $��
&������')(���*+���������
��,���*-
.��
0/�1����2��������	�

������������������

�������3��4�����

*-������(�����	�5768�9��

��������:��%��*-��;<������,�����=.> ?@ A��
B�������
��5C����
.,���57�����D/

• E�F�G�H�IDJ K@LAI�M
N�G�O3P�H�Q7G�F�F�G�R�P�H�S)E�F�T�U�U�I�U
• V%W�X$Y�Z�[-\.X$Y�]�]0^�_`Y�]badc�e7V�W�X$Y�f�ghY�]�]�Y�i�_`Y�fkj!l�c�e7V%W�X$Y�fnm�o�^�]�]%[-]0Y�]%\
p�W�]�q�p�Y�i�]�Y!i�r�W�i�_

\
W�X$Y�Z�[-\
]!l
• s0t�u7v�w�xAy�z
{�v�t�|�}�|�xA|�t�z
~�����u7s0��������u7s0����v�t�z
y�{�t�|�w���y�}�}Dx$|�~�~�y��`|�~&���D~�|�~%z
��{�~%����|�t

��v�����{�t��){�t�u7v�w�xAy�z
{�v�t�|�}�|�xA|�t�zB~��
• �����������`���%�����9�������3�����B�$���7�%���������������
���9�� ����������
���9�!¡����7�%���������������
�%���� ��0�������
���n��¢��� ����

�
����£$���������`�����.£A¤D¥¦¡
• §�¨�©�ª�«�¬®­A¯�¨�«�­A«�ª�°
±�°
²�©�ªn³ ´%­$«�°
µ�©�¶�·%²�ª�¸7©�¨�¨�©�¹�²�ª�º)§�¨�±�·�·�«�·

• »2¼¾½�¿�À�Á�Â�Ã�Ä�Å-Æ�Ç¦Ç
È�É�Ç¦Æ�Ê%Æ�Ã�Ê0Ç
É�Ë�Ë�½�Ä3Â�Ã�É2Ì$Å-ÍÏÎ�Ð�È�Æ�Ê%Æ�Ê�Á�É�Ë�Ë�½�Ä3Ñ�È�½�Ã�É�Ò7É�Á�Ç
Â�¿9À2Æ�Ã�Ê�Ç
É�Ë�Ë�Ê�Ã�½�Ñ
Æ�Ã�Ê�Ç
É�Ã�Á�½�Ê%Â�Ã�Ç
È�½�Ì$Å-ÍÏÎ

• Ó�Ô�Õ�Ö�×DØ
Ù�Ú�Û�ØBÜ�Ù�Ý�Þ�ß2à�á�Õ�Ý�â�Ø.â�Ô%Û�Ù�Ô0Ô�â�ã�Þ�Õ2Ø
á�Ö�Ø¦Ö�Ý$Õ�ä�å�Õ�Û�ØBâ�Ù�Ý�â�Ô%Ø
á�Ü�Ù�à�Ý�æ�Ö�Ý�ç�Ö2ç�ß�Ý�Ö�èAâ�å!Ö�Þ�Þ�ß
å�Ü�Õ�Ö�ØBÕ�ç3Ù�ã�é�Õ!å�Ø.å�Ö�Ý�Ý�Ù�Ø.ØBá�×DÔ%ã�Õ�ç�Õ�Þ�Õ�Ø
Õ�çëê�ìíÕ�èAÕ�è$ã�Õ�ÜnØ
Ù�Ü�Õ�Þ�Õ�Ö�Ô�Õ2Ø
á�Õ�Û�Ù�â�Ý�Ø
Õ�Ünâ�îCß�Ù�×ïà�Ö�Ý�Ø
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5.2 Main program
ñDò�òôó�õöò�÷�ó�ø$ù�ú�òüû�ýþóôøAó�ÿ�õ ù � û�� � ó�ø ÿ�õ ó�ù�ù�ò�õ���ÿ�÷��	��
®õ
����òüø$ó�ÿ�õ ù � û�� � ó�ø õ�ò���ò�����ó ���
��û�õ����-ÿ����<ó � ò�� � ò�ó��
ò��Aó�õ�����û�õ�õ�ò����&ò����-ó�õ�������ò�������ò����-ú�ò � ÿ������
ó � �
ò�� �"!$û��
ò�� � ò�ó#�&ò%$ &<ý'�-õ����
ÿ�û�õ����
( ��) ��ÿ���������ò���û�õ����-ÿ*�8ÿ�ø$ù�ú�ò�øAò�õ��
ó#�
ÿ�û�õ��<ó � ò�� � ò�ó#�&ò�� ��+,��ò ��� ò���� � õ ù�ý'-<û�õ����Dÿ��8û (�. ò�������� ) ��ÿ*���
ù � ò�/�ò�õ����0��ó�ú�ú�ÿ�õ��1����ò���û�õ����-ÿ*�ôÿ�ø$ù�ú�ò�øAò�õ��Bó��
ÿ�û�õ�23� ý'�-õ����
ÿ�û�õ��"�4
0õ5��û�ø$ò � ó � ò���ó���ò�� ÿ��ôÿ��
õ�ò���ò����0ó �6� �
û7��ó�ú�ú8����ò�ø�� ) ��ÿ���� ø$ò�ó�õ��9����ó��:����ò;� � ò�ó��Bò<$ &=��ó��9�Bû � ò���� � õ ó ù�û�ÿ�õ��
ò � �Bû0����ò
��û�õ����-ÿ��)ÿ�ø$ù�ú�ò�ø$ò�õ��&ó#�
ÿ�û�õ>� +,��ÿ��?��ó�õ ù�û�����ÿ ( ú � ( ò�ó#/�û�ÿ���ò�� ( � ��ó�ú�ú�ÿ�õ��@����òhý'�Dõ����
ÿ�û�õ�� ÿ�õA����ò
� � ò�ó��Bò<$ &�ý'�-õ����
ÿ�û�õ ) ��ò � ò8����ò�ù�û�ÿ�õ��
ò � ÿ*�íó#/�ó�ÿ�ú�ó ( ú�ò<��
®õB���C���4��ó���ò�ó2ù�ý'- û�õ����-ÿ*� ù � û�÷ � ����û��-ú*� ( ò
� � ò�ó��Bò�� � ÿ��D���.ó�ý'�Bò � � � ò�ó��
ÿ�õ��E����ò8��û�õ����-ÿ*�.ÿ�ø$ù�ú�ò�øAò�õ��
ó#�
ÿ�û�õ��	�
û�ù � ò�/¾ò�õ��¦óF��ÿ*���-ó��
ÿ�û�õ�ÿ�õ ) ��ÿ����$ó�õ
ò�÷G��ò�ù��
ÿ�û�õAÿ*�H��� � û ) õAó�õ��B����òbù�û�ÿ�õ��
ò � �
û�����òbû (�. ò���� ÿ��<ú�û�������ICÿ�õ�J+ÿ��$ÿ*�<õ�û��8ø$ó�õ���ó��Bû �6� �Dÿ*�ëø$ó �
( òK�C��ò��L�BûB��ÿ*���
ÿ�õ��D�Dÿ�����ò<� ������ÿ�ý7ý7ò � ò�õ��¦ù�û � ���M�

5.3 Interface classes and FSM
N<O�P#O�Q�R�P#S�QUT�Q�S�V*W%Q�TYX'S6Z�[]\�Q�^�Q�R�R�P�S6_UV�\�O�Q�S6X'P#^�QU^�`�P#R�R�Q�R�O�a�P�OE^�Z�\�O�P�V�\YP�`*`�O�a�QUb�S6V�[BV�O�V�W	Q�R�cHP#\�T
b�dCS6QeW	V�S6O�d<P�`gf"h8^�O�i j:X'dC\�^�O�V*Z�\kT�Q�^�`*P�S6P�O�V�Z�\�RMlnm,a�Q�R�QeX'd<\�^�O�V�Z�\�R:P�S6QeT�Q�X'V*\�Q�TkV�\oO�a�Qep�P�R�Q?R�OqP�O�Q
^�`�P#R�RrP�RrT�Q�X'P�dC`*OU[BQ�O�a�Z�T�RrX'Z�S;S�Q�^�Q�V�W	V�\�stT�V�X'X'Q�S6Q�\�Ovu%V*\�T�RrZ�X;[BQ�R�R�P#sDQ�RMl�w Z�S@Q�xGP�[Bb�`�Q7P
b�S�Z�O�Z�^�Z�`�^�P�\?V�\�a�Q�S6V�OyV�O�R�dCbeP#\�T�T�Z�zK\eV*\�O�Q�S6X'P�^�Q�R�c�P�R�zKQ�`*`�P#R{V*O�R{O�V*[�Q�S|V�\�b�dCO�RMlM}~\eO�a�QET�Q�S�V*W%Q�T
R�O�P#O�QK^�`*P�R�R�Q�R,Z�\�`�_KO�a�QFX'dC\�^�O�V�Z�\�R,\�Q�^�Q�R�R�P#S6_KX'Z�S�O�a�QFR�b�Q�^�V*X'V�^KR�O�P�O�QKP�S6QKZ�W	Q�S6S6V�T�T�Q�\>l
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/ /  scoms/ sr c/ pr ot ocol / i sup/ i supnni messages. h
/ /
/ /  Thi s c l ass cont ai ns pur e v i r t ual  Act ( )  met hods f or  each of  I SUP’ s
/ /  messages.  The cl ass can be i nher i t ed at  st at e c l asses,  whi ch get
/ /  r epr esent ed pr i mi t i ves as i nput  messages.  i supSt at e c l ass i s der i ved f r om
/ /  t hi s.
/ /

c l ass i supNni MessageI nput s
{
    publ i c:
        v i r t ual  voi d i supNni ACMpduAct (
            i supNni ACMpdu * message_,
            pf Pr ot ocol  * pr ot ocol _)  = 0;
        v i r t ual  voi d i supNni ANMpduAct (
            i supNni ANMpdu * message_,
            pf Pr ot ocol  * pr ot ocol _)  = 0;
        v i r t ual  voi d i supNni CPGpduAct (
            i supNni CPGpdu * message_,
            pf Pr ot ocol  * pr ot ocol _)  = 0;

/ /  . . .

} ;

pfState

xStateA

static xStateA *_only

static instance()
input1Act()

xBaseState

input1Act()
input2Act()
timeout1Act()

xStateB

static xStateB *_only

static instance()
input2Act()
timeout1Act()

xUpInputs

input1Act()=0;

xDownInputs

input2Act()=0;

xTimeoutInputs

timeout1Act()=0;

� ���D�<�6�:�#���#�<���#�����,�#�6�K�����6���	���L�'�6�����*�����C�������#�������M�#�<���������'���F�����������,�6�������'�*���F�����*�
�����K�����"���������6�K�'�<�������������M�
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6 EXAMPLE PROTOCOL: ISUP
¡,¢�£�¤¦¥�§	¨#©�ª�«*¥rª�¬�¥�¤�¥�­�®�¤¦¯~°<±³²´ª�¬6µ�®�µ�¶�µ�«E£�­·°<£*¸D­�¨�«�«*£�­�¸¹°<º�¤�®�¥�©¼»K½�¾*°%°<½#¿¦ª�¬6µ�®�µ�¶�µ�«�¤�®�¨�¶�À�Á
Â µ�ÃK¥�¬H«*¨�º�¥�¬H£�¤FÄÅ¥�¤�¤�¨�¸D¥³¡,¬6¨�­�¤�Æ'¥�¬Ç² ¨�¬6®ÉÈÅ¾*ÄÅ¡|² ÊËÈ#¿{®�¢�¨�®�µ�Æ'Æ'¥�¬6¤K®�¬�¨#­�¤�ª�µ�¬6®�¤�¥�¬6Ì%£*¶�¥�Í�¨�­�Î=ÏCª�ª�¥�¬
¨�ª�ª�«�£*¶�¨�®�£*µ�­=®�¢�¨�®ÉÏC¤�¥�¤F¯�°<±³²;£�¤FÐH¨�«*«nÐHµ�­�®�¬6µ�«�¾*ÐHÐ ¿"ÁD¡,¢�¥³¯�°%±³²@¤�®�¨�­�Î�¨�¬6ÎeÎ�µ�¥�¤F­�µ�®É¸D£�Ì	¥³©�Ï<¶�¢
¨�Î�Ì	£�¶�¥@¨�Ñ�µ�ÏC®Ò£�©Bª�«�¥�©�¥�­�®�¨#®�£�µ�­ÓÎ�¥�®�¨#£�«�¤�Í8¤�µÓ®�¢�£�¤v¶�µ�ÏC«*Î0Ñ�¥kÎ�µ�­�¥k£*­t©Bµ�¬6¥o®�¢�¨�­Óµ�­�¥oÃK¨#º�¤MÁ
°<ÐHÔ?ÄÅ°Õ£�©Bª�«*¥�©B¥�­�®�¨�®�£*µ�­Ö¢�¨#¤
®�ÃKµÖÎ�£*Æ'Æ'¥�¬6¥�­�®¹ª�¬6µ�®�µ�¶�µ�«@¶�µ�­�Î�ÏC£*®�¤�Í×¯~°<±³²Ø¨#­�ÎÙ­�¥�®�ÃKµ�¬6À
£�­�®�¥�¬6Æ'¨#¶�¥1¾*ÚB¯�¿~ÍeÃF¢�£*¶�¢Û¢�¨#­�Î�«*¥·Î�£�Æ'Æ'¥�¬6¥�­�®;®�¨�¤�À%¤MÁ�¡,¢�¥ÜÚB¯¹ª�¬6µ�®�µ�¶�µ�«=Î�µ�¥�¤A¥�­�¶�µ�Î�£�­�¸�¨#­�Î
Î�¥�¶�µ�Î�£�­�¸DÍ £qÁ ¥<Á�®�¬6¨�­�¤�Æ'µ�¬6©B¤Ý² Þ4±�¤�£�­�®�µ;©�¥�¤�¤�¨�¸D¥�¤�¨�­�Î×®�¢�¥�µ�ª�ª�µ�¤�£�®�¥<Á�¯~®�¤�ß °<Äà¢�¨#¤Ýµ�­�«�ºBµ�­�¥
¤�®�¨#®�¥<Á#¡,¢�¥K¯�°%±�²9ª�¬6µ�®�µ�¶�µ�«<¢�¨#¤,¨F¶�µ�©Bª�«�¥�®�¥Kß °%Äá®�¢�¨#®�Î�¥�¤�¶�¬�£*Ñ�¥�¤,®�¢�¥F¯�°<±³²vÆ'Ï<­�¶�®�£�µ�­�¨�«*£�®�º<Á

ÄÅ¡,² ÊâÈÝÎ�£*¤�®�£*­�¸DÏ<£*¤�¢�¥�¤,£�®�¤,ÏC¤�¥�¬6¤,Ñ�ºK®�¢�¥�£�¬É°<¥�¬6Ì	£�¶�¥F¯�­�Î�£�¶�¨#®�µ�¬{¾*°<¯�¿|Ì%¨#«�ÏC¥�Í%®�¢�¨#®�£�¤,ã�Æ'µ�¬�¯�°%±³²HÁ�¡|¢�¥
­�¥�§G®g©�ÏC§B£�¤8Æ'µ�¬�¤�¥�ª�¨�¬6¨#®�£�­�¸4Î�£�ÆËÆ'¥�¬6¥�­�®g¯�°%±�²@«�£*­�À%¤8ÆË¬6µ�©Û¥�¨�¶�¢Uµ�®�¢�¥�¬6Í�¨#­�Îv®�¢�¥ÝÚ�¯Kª�¬6µ�®�µ�¶�µ�«�£�¤
°<£*­�¸D«*¥�®�µ�­9Æ'µ�¬Ç¥�¨�¶�¢9¯~°<±³²;«�£�­�À�ÁG¡|¢�¥³Î�£*Æ'Æ'¥�¬6¥�­�®�¯�°%±³²@¶�¨#«�«*¤K¨�¬6¥�¤�ª�¥�¶�£�Æ'£�¥�Î=Ñ�º³®�¢�¥�£�¬HÐH¯�ÐAÌ	¨�«�Ï<¥�¤�Í
¤�µ4®�¢�¥�¬6¥K£�¤|µ�­�¥K¯~°<±³²vª�¬6µ�®�µ�¶�µ�«<£�­�¤�®�¨�­�¶�¥:¾*¨#­�ÎLÐ�Ðo£*­�¤�®�¨#­�¶�¥�¿|ª�¥�¬É¥�¨�¶�¢4¶�µ�­�­�¥"¶�®�£�µ�­>Á

ß £�¸DÏ<¬6¥:ä#½�Á#¯�°%±³²v¶�µ�­�Î�ÏC£*®�Î�£�¨#¸D¬�¨#©¦Á

CC

ISUP

NI

mux

mux

mux

factory

MTP-3

sigif

mtpif

CIC

SI = 5 (ISUP)

SAAL link

StateStatestate

isupAccessor

state

isupNiAccessor
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7 OVOPS++ EXERCISE
è,é�ê�ë�ì<í�ë�î�ï�ê�î�ðgñ�é�ò*ïHê�óGê�í6ô�ò�ï�ê�ò*ï�ñ�î?ð'õ�öBò�÷*ò�õ#í�ò*ø"ê�ñ�é�ê�ìCï�ê�í|ùKò*ñ�éeñ�é�ê�ô�î�ö�öBî�ú?ô�î�ö�ë�î�ú�ê�ú�ñ�ï�õ#ú�û
ð'ìCú�ô�ñ�ò*î�ú�ï³î�ð8ü�ý8ü?þ ÿ��������8ï³ñ�é�ê4ï�ô�é�ê�û�ìC÷�ò*ú��=ò*ï�ú�î�ñ	�%ê�í�
��	ò�ï�ò�
�÷�ê4ñ�î;ñ�é�ê4ìCï�ê�í�� ñ�é�ê4ê�óGê�í6ô�ò�ï�ê
ô�î�ú�ô�ê�ú�ñ�í6õ�ñ�ê�ïÒî�úoñ�é�êeþ�� ö�î�û�ìC÷*ê��nè,é�êeë�í�î��Dí6õ�öÖô�õ#ú�
�êeì<ï�ê�ûkð'î�í�ñ�ê�ï�ñ�ò�ú��Åþ��7õ#ú�ûkÿ����gð'î�í
ê�óGõ�öBë�÷�êEï�ê�õ#í6ô�é�ò�ú��:ö�ê�öBî�í�
E÷�ê�õ��	ï���ï�ò*ö�ì<÷�õ�ñ�ò�ú��:û�ò�ð'ð'ê�í6ê�ú�ñ>ï�ò*ñ�ìCõ�ñ�ò�î�ú�ï{õ�ú�û?ñ�ê�ï�ñ�ò*ú��Òú�ê�ù7ð'ê�õ�ñ�ìCí6ê�ï
î�í�ô�é�õ#ú��Dê�ï,ò�ú4þ������{î�ì:ö�õ�
Kð'ò�ú�ûLò�ñ�ìCï�ê�ð'ìC÷%ò*ú4ñ�ê�ï�ñ�ò*ú��Eñ�é�êKü?ý8ü�þ ÿ����×ê�ú��	ò�í6î�ú�öBê�ú�ñ��

7.1 General description
���! #"%$�&('*)�+���&("%,#$�-/.1032/+�&4"�$5+6$�&(+�7%8�9�:;2/-/:�8�2/"�<="%2(>? #@�"A+�.19�03:�&B9��#2�9C9���$5&D9;,�0�:;-/$5EF-�<="�:;&(9;-/&($
7%9�:�$�&(,�037%&(9�,�>3G5+�7%@H2/9�9��H7%,�"I+�&("%$J+K:C"�LM7%9�:C:�"%7%&D-/9�:HNCO�$�"%:�)�-/:�E;+K���! #"�$�&(P�GQ #RAS�-/:�)T&(9U&D@C"
.V0�WX>% #@�"6�!+�7%&(9�,�OY7%,�"%+�&("�$ZN�9C&D@[��,�9C&D9C7�9C2�$	9C<\"%,]&(@�"6.103W^>I_`@�"%:[���! #"�$a&(RA��S�,�9�&(9�7%9�2�EF"%&($Z&D@C"
���! #"%$�&(P=G5 #RAS�-�:�)�bc-�&d,�"%��2/-/"�$eL�-/&D@f+g�C�! h"%$�&(i�GQjkG5'*P�GQ,�"%lm&D@C+�&n7�+�03$�"%$e,�"�2/"%+�$�-/:�Eo&D@C"
7%9�:�:C"�7%&(-/9�:�+�:�)K)�"%2/"%&D-/:�EJ&(@�"*7�9C:�)�03-�&($p>�P�"%"5+�����"%:�)�-/WVq5�!9�,B+�:�"%Wr+�.V��2/"5-/.1�C2�"%.1"%:C&(+�&(-/9�:k>

7.2 Used PF classes

• s�t!uZv�w�x�y3z�{
• |�}!~����C�D�C���C�
• ���!�����%�D�C���
• ���!�T���
• ���!�*�%�%�%�����C�
• ���!�*�������( %¡
• ¢�£!¤T¥�¦�¦�¥%§�¨F¥%©
• ª�«!¬®­�¯°­C±�²(³�´�´/µ#¶�³�­�±�ª�·�¶�²(¸%¶
• ¹�º!»#¼/½1¾%¿�ÀÁ¾%Â�Â�¾%Ã�ÄF¾%¿

Å ¼/ÄFÆ�¿�¾ÈÇ\É=Ê�ËV¾�ÌÎÍ%Ï�Ã�ÃC¾�Í%Ð(¼/Ï�Ã�Â#Ñ�¿�¾�Í%¿�¾%Ñ�Ð(¾%ÒK¼/Ã�ÑQÓ/Ï�Ï�¹1Ï�Ô\¾%¿BÐ(ÕC¾�½1Æ3Ö^Ê

pfMux

pfFactory

pfTestDown
Protocol

pfTestUp
Protocol

A

B

pfTest
Adapter

A

B

A

A

B

A

pf
T

es
tS

E
T

U
P

in
d

pfT
estR

E
L

E
A

S
E

req
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7.3 Implemented classes

• Ú�Û!Ü#Ý%Þ�ß(àAÚ�á�â�ã�ß(ã�ä%ã�å�æ�Ú�ç3è�å/é/ä5ÚCÛêá�â�ã�ß(ã�ä%ã�å
• ë�ì!í#î%ï�ð(ñAë�ò�ó�ô�ð(ô�õ%ô�ö/÷=ð(ø�ð(îúù�ë�û3ü�ö/ý�õ�ë�ì!÷�ð(ø�ð(î%þ\ë�û3ü�ö/ý/õ5ëCì!íhî%ï�ð(ñAë�ÿ���ë�û3ð(ï
• �������
	���
������������������
��������� ���"!#�����������������
���
• $�%�&�'
(�)�*�+�,�-�.�/�+�)�+�0
+�1#2 )435)�'76�$�8:9�1#;"0�$�%�2 )�3�)<'
=>$�8:9�1#;"0�$�%�&�'
(�)�?@$�A�-�$�8:)�(�=B$�8:9�1#;"0

$�%�&�'
(�)�*�+�,�-�A�-�$�8:)�(�=>$�8:9�1#;"0�$�%�&�;#C�'
+�8:)�AD-�$�8:)4(
• E�F�G�H
I�J�K�L�M�N�O�P�L�J�L�Q
L�R#S�TUR"H7V�E�W X�R"Y#Q�E�F�G�H5I�J�K�L�MZN�O[P\L�J�L�Q
L�R"] J�^�J�H
• _�`�a�b
c�d�e�f�g�h�i�j�f�d�f�k
f�l#mnk
d�o"pBbrq5_�s:t�l#o"k�_�`�a�b
c�d4euf�gZh�i[j\f�d�f�k
f�l"v d�w�d�b
• x�y�z�{
|�}�~n�5�
{
|�|�������x�� ���"�#��x�y�~n�
�
{
|�|����
• �������
�����[�\�"�u�"���#�>�7�����:���#�#�Z�������
�����5�����5�
• ������ 
¡�¢�£B¤Z��¥@¦�§"¨�©«ª5��¬:­�®"§#¯Z�����° 
¡�¢�¦�±�§"²u§"¢�§#³> 
• ´�µ�¶�·
¸�¹�º¼»�½¾»Z¿nÀB»ZÁ�·
ÂÄÃ�´�Å:Æ�Ç#È#ÉZ´�µ�¶°·
¸�¹�Ê�Á�È"ËuÈ"¹�È#Ì>·
• Í�Î�Ï�Ð
Ñ�Ò�Ó@Í�Ô�Õ�Í�Ö:Ò�Ñ
• ×�Ø�Ù�Ú
Û�Ü�Ý�Þ�ß�à�á�à�×�â:Ü�Û
• ã�ä�å�æ
ç�è�é°ê#ë�æ
ì�í:è�î�ï�ð�í:è�ç
• ñ�ò�ó�ô
õ�ö�ó°÷#ø�ô
ù�ú:ö°û�ñ�ú ü�ý"÷#þ�ñ�ò�ó�÷"øuô5ÿ���ô
õ�õ�ô�����ô
ÿ
• ���	��
���
���������
�
��������������! "���	��������
�
��
• #�$	%�&�'�(�)�*�+�#�(�&�,.-/(�+�(�&10�#�2�3�4!5�6"#�$	-/(�+�(�&�78#�2�3�4!5!69#:$	%;&�'�(�<>=:?"@�AB@�#�2�(�'B7C#�2�3�4!5�6

#�$	%�&�'�(�%;5!D>&�=�2�(�AB@�#�2�(�'
7.4 Finite state machines

pfTestAdapter
State

pfTestTimeout

SETUP ind

RELEASE req

SETUP ind

pfTestAdapter
State

pfTestAdapter
State

Loop counter > 0 ?
YES

pfTestAdapter
State

NO

EGF!HJI/K.LNM�OQP�R�S�T�U�V�L�K.WYX�EGZC[\P^]�_�L"V�F!`>L�KaF!X;X�V�T�K.V�L�SbF!cdV�_�L"T�S�T�U�V�L�K.WYX
e�f c:XBV�K.I e V f K.gCT�c�SbF!V�X�L�h8U�F�K�T�V�F f c e T�I�X�L�X�XBLic�S�F!c�HjV�_�L"k	F�K.X�VQ`>L�X�X�T�HJL/P
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pfTestDownProtocol
Idle

SETUP ind

SETUP ind

pfTestDownProtocol
Active

SET 
TestTimeout

RELEASE req

RESET 
TestTimeout

RELEASE req

pfTestDownProtocol
Active

pfUnInstall
Transporter

pfTestDownProtocol
Idle

* *

pfTestDownProtocol
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7.5 Class diagrams
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APPENDIX 1.

/ / Edi t or - I nf o:  - * -  C++ - * -
/ /
/ / Subj ect :  SCOMS pr oj ect  /  exer ci se
/ /
/ / Fi l e:  pf t est . cpp
/ /
/ / Ver si on:  $Revi s i on:  1. 7 $
/ /
/ / St at e:  $St at e:  Exp $
/ /
/ / Dat e:  $Dat e:  1999/ 04/ 07 09: 13: 25 $
/ /
/ / Or gani sat i on:
/ /       Hel s i nki  Uni ver si t y of  Technol ogy
/ /       Labor at or y of  Tel ecommuni cat i ons Sof t war e and Mul t i medi a
/ /
/ / Aut hor :
/ /       Ol l i  Sui hkonen
/ /
/ / Descr i pt i on:
/ /       Mai n pr ogr am of  t he OVOPS++ exer ci se
/ /
/ / Copyr i ght :
/ /       Copyr i ght  1999 Hel si nki  Uni ver si t y of  Technol ogy
/ /       ALL RI GHTS RESERVED BETWEEN JANUARY 1996 AND JUNE 1999.
/ /
/ / Li cence:
/ /
/ /
/ / Hi st or y:

#i ncl ude <t ypei nf o>

#i ncl ude " t est condui t s. h"
#i ncl ude " pf / mux. h"
#i ncl ude " pf / f act or y. h"
#i ncl ude " pf / debug. h"
#i ncl ude " pf / syst em. h"

i nt  mai n( i nt  ar gc,  char  * ar gv[ ] )
{
    / /  Al l  debug pr i nt i ng di r ect ed t o cout
    debugOut put Cout ( ) ;

    / /  I ni t i al i ze syst em ( sf ,  possi bl e ORB et c. )
    pf Syst em: : i ni t ( ar gc,  ar gv) ;

    / /  I ni t i al i ze var i abl es
    pf I d i d = 1;                     / /  l i nk i d,  not  mandat or y
    i nt  count er  = 5;                 / /  count er  val ue f or  l oops
    pf Ul ong maxVal ue = 10000;        / /  max i nst ance ( connect i ons)  above mux
    pf Ul ong t i mer For Adapt er  = 3000;  / /  3 secs.  t o st ar t  pr ocedur es

    / /  Cr eat e i mpl ement at i ons ( pr oxi es)
    pf Condui t  adapt er Pr oxy = pf Test Adapt er  : :  cr eat e( count er ,

t i mer For Adapt er ) ;
    pf Condui t  downpr ot ocol Pr oxy = pf Test DownPr ot ocol  : :  cr eat e( ) ;
    pf Condui t  uppr ot ocol Pr oxy = pf Test UpPr ot ocol  : :  cr eat e( ) ;

    / /  Cr eat e Fact or y ( pr oxy) ,  whi ch wi l l  get  t he pr oxy of  c l onabl e pr ot ocol
    / /  Bot h pr ot ot ypes ar e gi ven t o t he f act or y,  i t  i nst al l s and connect s
    / /  t hem.
    pf Condui t  f act or y = pf Fact or y : :  cr eat eFact or y( downpr ot ocol Pr oxy,

uppr ot ocol Pr oxy) ;



    / /  Set  l i nk i ds f or  pr oxi es,  al so wor ks wi t hout  i ds.
    f act or y. set I d( i d) ;
    adapt er Pr oxy. set I d( i d) ;

    / /  Cr eat e mux ( pr oxy)  and i t s accessor  ( t est Accessor )
    pf Test Accessor  * accessor  = new pf Test Accessor ( maxVal ue) ;
    pf Condui t  mux = pf Mux : :  cr eat eMux( accessor ) ;

    / /  Connect  condui t s ( adapt er ,  mux,  f act or y)
    adapt er Pr oxy. connect ToA( mux) ;
    mux. connect ToA( adapt er Pr oxy) ;
    mux. connect ToB( f act or y) ;
    f act or y. connect ToA( mux) ;

    / /  St ar t  syst em ( sf )
    t r y
    {
        pf Syst em: : i nst ance( ) - >r un( ) ;
    }

    / /  When t he schedul er  get s empt y,  sf  t hr ows an except i on ( i f  t her e ar e
    / /  no f i l e devi ces at t ached) .  pf Syst em cat ches i t  and t hr ows anot her
    / /  one,  whi ch i s cat ched her e.  I f  ORBacus i s used,  t hi s doesn’ t  happen.
    cat ch ( . . . )
    {
        debugUser ( " Except i on cat ched i n mai n,  t he end. " ) ;
    }
    r et ur n 0;
}



/ / Edi t or - I nf o:  - * -  C++ - * -
/ /
/ / Subj ect :  SCOMS pr oj ect  /  exer ci se
/ /
/ / Fi l e:  t est condui t s. h
/ /
/ / Ver si on:  $Revi s i on:  1. 6 $
/ /
/ / St at e:  $St at e:  Exp $
/ /
/ / Dat e:  $Dat e:  1999/ 03/ 31 12: 17: 16 $
/ /
/ / Or gani sat i on:
/ /       Hel s i nki  Uni ver si t y of  Technol ogy
/ /       Labor at or y of  Tel ecommuni cat i ons Sof t war e and Mul t i medi a
/ /
/ / Aut hor :
/ /       Ol l i  Sui hkonen
/ /
/ / Descr i pt i on:
/ /       OVOPS++ - exer ci ce pr ot ocol s and st at es,  adapt er  and accessor .
/ /
/ / Copyr i ght :
/ /       Copyr i ght  1999 Hel si nki  Uni ver si t y of  Technol ogy
/ /       ALL RI GHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
/ /
/ / Li cence:
/ /
/ /
/ / Hi st or y:

#i f ndef  __TESTCONDUI TS_H__
#def i ne __TESTCONDUI TS_H__

#i ncl ude " pf / pr ot ocol . h"
#i ncl ude " pf / adapt er . h"
#i ncl ude " pf / accessor . h"
#i ncl ude " pf / er r or . h"
#i ncl ude " t est pr i mi t i ves. h"
#i ncl ude " t est t i meout s. h"

/ /  pf Test UpPr ot ocol  sends onl y r el ease r equest s down.  I t  needs
/ /  c l oneI mpl ement at i on( )  met hod because i t  i s  i nst al l ed on mux.
/ /  Fact or y,  t hat  i nst al l s t he pr ot ocol s,  cal l s t hat  f unct i on.

c l ass pf Test UpPr ot ocol  :  publ i c pf Pr ot ocol
{
    publ i c:
        st at i c pf Condui t  cr eat e( voi d) ;
        v i r t ual  ~pf Test UpPr ot ocol ( voi d) ;
        pf Pr ot ocol  * c l oneI mpl ement at i on( voi d)  const ;
        voi d sendRELEASEr eqToDown( voi d) ;
    pr ot ect ed:
        pf Test UpPr ot ocol ( const  pf Test UpPr ot ocol  &ot her _) ;
    pr i vat e:
        pf Test UpPr ot ocol ( voi d) ;
} ;

/ /  UpPr ot ocol ’ s onl y st at e must  be abl e t o r ecei ve i nput s,  t hat  ar e def i ned
/ /  i n abst act  pf Test UpI nput  c l ass.

c l ass pf Test UpPr ot ocol St at e :  publ i c pf St at e,
                              publ i c pf Test UpI nput s
{
    publ i c:
        st at i c pf Test UpPr ot ocol St at e * i nst ance( voi d) ;
        v i r t ual  ~pf Test UpPr ot ocol St at e( voi d) ;



        v i r t ual  voi d pf Test SETUPi ndAct (
            pf Test SETUPi nd * pr i mi t i ve_,
            pf Pr ot ocol  * pr ot ocol _) ;
    pr i vat e:
        pf Test UpPr ot ocol St at e( voi d) ;
        st at i c pf Test UpPr ot ocol St at e * _onl y;
} ;

/ /  DownPr ot ocol  sends messages up and down.  I t  al so has a t i mer  t hat  expi r es
/ /  i f  an er r or  occur s and a r el ease r equest  i s not  r ecei ved i n t i me.

cl ass pf Test DownPr ot ocol  :  publ i c pf Pr ot ocol
{
    publ i c:
        st at i c pf Condui t  cr eat e( voi d) ;
        v i r t ual  ~pf Test DownPr ot ocol ( voi d) ;
        pf Pr ot ocol  * c l oneI mpl ement at i on( voi d)  const ;

        voi d i ni t Ti mer s( voi d) ;
        voi d r el easeConnect i on( voi d) ;
        voi d sendSETUPi ndToUp( voi d) ;
        voi d sendRELEASEr eqToDown( voi d) ;
    pr ot ect ed:
        pf Test DownPr ot ocol ( const  pf Test DownPr ot ocol  &ot her _) ;
    pr i vat e:
        pf Test DownPr ot ocol ( voi d) ;
} ;

/ /  DownPr ot ocol ’ s st at es ar e der i ved f r om Up and Down i nput s,  because i t  i s
/ /  i n t he mi ddl e.  The base cl ass cont ai ns def aul t  met hods,  t hat  j ust  t hr ow
/ /  except i ons,  so t hey ar e over r i ded i n subcl asses.

cl ass pf Test DownPr ot ocol St at e :  publ i c pf St at e,
                                publ i c pf Test UpI nput s,
                                publ i c pf Test DownI nput s,
                                publ i c pf Test Ti meout I nput s
{
    publ i c:
        pf Test DownPr ot ocol St at e( voi d) ;
        v i r t ual  ~pf Test DownPr ot ocol St at e( voi d) ;

        v i r t ual  voi d pf Test SETUPi ndAct (
            pf Test SETUPi nd * pr i mi t i ve_,
            pf Pr ot ocol  * pr ot ocol _) ;

        v i r t ual  voi d pf Test RELEASEr eqAct (
            pf Test RELEASEr eq * pr i mi t i ve_,
            pf Pr ot ocol  * pr ot ocol _) ;

        v i r t ual  voi d pf Test Ti meout Act (
            pf Test Ti meout  * t i meout _,
            pf Pr ot ocol  * pr ot ocol _) ;
} ;

c l ass pf Test DownPr ot ocol I dl e :  publ i c pf Test DownPr ot ocol St at e
{
    publ i c:
        st at i c pf Test DownPr ot ocol I dl e * i nst ance( voi d) ;
        pf Test DownPr ot ocol I dl e( voi d) ;
        v i r t ual  ~pf Test DownPr ot ocol I dl e( voi d) ;

        v i r t ual  voi d pf Test SETUPi ndAct (
            pf Test SETUPi nd * pr i mi t i ve_,
            pf Pr ot ocol  * pr ot ocol _) ;

        v i r t ual  voi d pf Test RELEASEr eqAct (
            pf Test RELEASEr eq * pr i mi t i ve_,



            pf Pr ot ocol  * pr ot ocol _) ;

        v i r t ual  voi d pf Test Ti meout Act (
            pf Test Ti meout  * t i meout _,
            pf Pr ot ocol  * pr ot ocol _) ;
    pr i vat e:
        st at i c pf Test DownPr ot ocol I dl e * _onl y;
} ;

c l ass pf Test DownPr ot ocol Act i ve :  publ i c pf Test DownPr ot ocol St at e
{
    publ i c:
        st at i c pf Test DownPr ot ocol Act i ve * i nst ance( voi d) ;
        pf Test DownPr ot ocol Act i ve( voi d) ;
        v i r t ual  ~pf Test DownPr ot ocol Act i ve( voi d) ;

        v i r t ual  voi d pf Test SETUPi ndAct (
            pf Test SETUPi nd * pr i mi t i ve_,
            pf Pr ot ocol  * pr ot ocol _) ;

        v i r t ual  voi d pf Test RELEASEr eqAct (
            pf Test RELEASEr eq * pr i mi t i ve_,
            pf Pr ot ocol  * pr ot ocol _) ;

        v i r t ual  voi d pf Test Ti meout Act (
            pf Test Ti meout  * t i meout _,
            pf Pr ot ocol  * pr ot ocol _) ;
    pr i vat e:
        st at i c pf Test DownPr ot ocol Act i ve * _onl y;
} ;

c l ass pf Test Accessor  :  publ i c pf Accessor
{
    publ i c:
        pf Test Accessor ( pf Ul ong maxKeyVal ue_) ;
        v i r t ual  ~pf Test Accessor ( voi d) ;

        / /  r et ur ns t he key f r om message,  or  cr eat es a new one.
        pf Key get Di spat chKey( pf Messenger  * messenger _) ;
} ;

/ /  Adapt er  count s t he connect i ons t hat  ar e cr eat ed on t he mux.  A new
/ /  connect i on i s cr eat ed when a set up i ndi cat i on i s sent .

c l ass pf Test Adapt er  :  publ i c pf Adapt er
{
    publ i c:
        st at i c pf Condui t  cr eat e( i nt  count er _,  pf Ul ong st ar t Ti me_) ;
        v i r t ual  ~pf Test Adapt er ( voi d) ;
        voi d decr ement Count er ( voi d) ;
        i nt  get Count er ( voi d)  const ;
        voi d sendSETUPi ndToUp( voi d) ;
    pr i vat e:
        pf Test Adapt er ( i nt  count er _,  pf Ul ong st ar t Ti me_) ;
        i nt  _count er ;
} ;

/ /  Adapt er  has j ust  one st at e.

c l ass pf Test Adapt er St at e :  publ i c pf St at e,
                           publ i c pf Test DownI nput s,
                           publ i c pf Test Ti meout I nput s
{
    publ i c:
        st at i c pf Test Adapt er St at e * i nst ance( voi d) ;
        pf Test Adapt er St at e( voi d) ;



        v i r t ual  ~pf Test Adapt er St at e( voi d) ;

        v i r t ual  voi d pf Test RELEASEr eqAct (
            pf Test RELEASEr eq * pr i mi t i ve_,
            pf Pr ot ocol  * pr ot ocol _) ;

        v i r t ual  voi d pf Test Ti meout Act (
            pf Test Ti meout  * t i meout _,
            pf Pr ot ocol  * pr ot ocol _) ;
    pr i vat e:
        st at i c pf Test Adapt er St at e * _onl y;
} ;

#endi f  / /  __TESTCONDUI TS_H__



/ / Edi t or - I nf o:  - * -  C++ - * -
/ /
/ / Subj ect :  SCOMS pr oj ect  /  exer ci se
/ /
/ / Fi l e:  t est condui t s. cpp
/ /
/ / Ver si on:  $Revi s i on:  1. 6 $
/ /
/ / St at e:  $St at e:  Exp $
/ /
/ / Dat e:  $Dat e:  1999/ 03/ 31 12: 17: 16 $
/ /
/ / Or gani sat i on:
/ /       Hel s i nki  Uni ver si t y of  Technol ogy
/ /       Labor at or y of  Tel ecommuni cat i ons Sof t war e and Mul t i medi a
/ /
/ / Aut hor :
/ /       Ol l i  Sui hkonen
/ /
/ / Descr i pt i on:
/ /       See t he header  f i l e.
/ /
/ / Copyr i ght :
/ /       Copyr i ght  1999 Hel si nki  Uni ver si t y of  Technol ogy
/ /       ALL RI GHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
/ /
/ / Li cence:
/ /
/ /
/ / Hi st or y:

#i ncl ude " t est condui t s. h"
#i ncl ude " t est pr i mi t i ves. h"
#i ncl ude " pf / debug. h"
#i ncl ude " pf / er r or . h"
#i ncl ude " pf / except i on. h"
#i ncl ude " pf / condui t . h"
#i ncl ude <t ypei nf o>

/ /  Si ngl et on pat t er n i mpl ement at i on:  poi nt er s t o onl y i nst ances ar e set  0.
/ /  Now t he i nst ance( )  met hods can check i f  t he obj ect  i s  cr eat ed of  not  by
/ /  checki ng t he poi nt er .

pf Test UpPr ot ocol St at e * pf Test UpPr ot ocol St at e : :  _onl y=0;
pf Test DownPr ot ocol I dl e * pf Test DownPr ot ocol I dl e : :  _onl y=0;
pf Test DownPr ot ocol Act i ve * pf Test DownPr ot ocol Act i ve : :  _onl y=0;
pf Test Adapt er St at e * pf Test Adapt er St at e : :  _onl y=0;

/ /
/ /  Cl ass:  pf Test UpPr ot ocol
/ /

/ /  Condui t s shoul d al ways be cr eat ed wi t h cr eat e( )  met hods t hat  r et ur n a
/ /  pf Condui t  ent i t y.  I f  t her e i s a need t o cal l  t he condui t  i mpl ement at i on’ s
/ /  met hods i n mai n pr ogr am,  you shoul d t r y t o do i t  her e i nst ead.

pf Condui t  pf Test UpPr ot ocol  : :  cr eat e( voi d)
{
    pf Pr ot ocol  * pr ot ocol  = new pf Test UpPr ot ocol ( ) ;
    pf Condui t  newCondui t  = pf Condui t ( pr ot ocol ) ;
    r et ur n newCondui t ;
}

/ /  A pr ot ocol ’ s st at e must  be set  i n i t s const r uct or .

pf Test UpPr ot ocol  : :  pf Test UpPr ot ocol ( voi d)
    : pf Pr ot ocol ( )
{



    changeSt at e( pf Test UpPr ot ocol St at e: : i nst ance( ) ) ;
    r et ur n;
}

pf Test UpPr ot ocol  : :  pf Test UpPr ot ocol ( const  pf Test UpPr ot ocol  &ot her _)
    : pf Pr ot ocol ( ot her _)
{
    r et ur n;
}

pf Test UpPr ot ocol  : :  ~pf Test UpPr ot ocol ( voi d)
{
    r et ur n;
}

pf Pr ot ocol  * pf Test UpPr ot ocol  : :  c l oneI mpl ement at i on( voi d)  const
{
    pf Test UpPr ot ocol  * pr ot ocol  = new pf Test UpPr ot ocol ( * t hi s) ;
    r et ur n pr ot ocol ;
}

voi d pf Test UpPr ot ocol  : :  sendRELEASEr eqToDown( voi d)
{
    pf Test RELEASEr eq * message = new pf Test RELEASEr eq;
    t oA( message) ;
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test UpPr ot ocol St at e
/ /

/ /  Si ngl et on pat t er n i mpl ement at i on:  cr eat e t he obj ect  onl y i f  t her e i s not
/ /  one al r eady.

pf Test UpPr ot ocol St at e * pf Test UpPr ot ocol St at e : :  i nst ance( voi d)
{
    i f  ( _onl y == 0)
    {
        _onl y = new pf Test UpPr ot ocol St at e;
    }
    r et ur n _onl y;
}

pf Test UpPr ot ocol St at e : :  pf Test UpPr ot ocol St at e( voi d)
    : pf St at e( ) ,
     pf Test UpI nput s( )
{
    r et ur n;
}

pf Test UpPr ot ocol St at e : :  ~pf Test UpPr ot ocol St at e( voi d)
{
    r et ur n;
}

voi d pf Test UpPr ot ocol St at e : :  pf Test SETUPi ndAct (
    pf Test SETUPi nd * ,
    pf Pr ot ocol  * pr ot ocol _)
{
    pf Test UpPr ot ocol  * pr ot ocol  = dynami c_cast <pf Test UpPr ot ocol * >( pr ot ocol _) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( pr ot ocol ) ;
    pr ot ocol - >sendRELEASEr eqToDown( ) ;
    pr ot ocol - >di sconnect ( ) ;
    r et ur n;
}



/ /
/ /  Cl ass:  pf Test DownPr ot ocol
/ /

pf Condui t  pf Test DownPr ot ocol  : :  cr eat e( voi d)
{
    pf Pr ot ocol  * pr ot ocol  = new pf Test DownPr ot ocol ( ) ;
    pf Condui t  newCondui t  = pf Condui t ( pr ot ocol ) ;
    r et ur n newCondui t ;
}

pf Test DownPr ot ocol  : :  pf Test DownPr ot ocol ( voi d)
    : pf Pr ot ocol ( )
{
    changeSt at e( pf Test DownPr ot ocol I dl e: : i nst ance( ) ) ;
    i ni t Ti mer s( ) ;
    r et ur n;
}

pf Test DownPr ot ocol  : :  ~pf Test DownPr ot ocol ( voi d)
{
    r et ur n;
}

pf Test DownPr ot ocol  : :  pf Test DownPr ot ocol ( const  pf Test DownPr ot ocol  &ot her _)
    : pf Pr ot ocol ( ot her _)
{
    i ni t Ti mer s( ) ;
    r et ur n;
}

pf Pr ot ocol  * pf Test DownPr ot ocol  : :  c l oneI mpl ement at i on( voi d)  const
{
    pf Test DownPr ot ocol  * pr ot ocol  = new pf Test DownPr ot ocol ( * t hi s) ;
    r et ur n pr ot ocol ;
}

voi d pf Test DownPr ot ocol  : :  i ni t Ti mer s( voi d)
{
    def i neTi mer ( Test Ti meout st r ,  pf Test Ti meout  : :  cr eat e( ) ,

 Test Ti meout val ue) ;
    r et ur n;
}

voi d pf Test DownPr ot ocol  : :  sendSETUPi ndToUp( voi d)
{
    pf Test SETUPi nd * message = new pf Test SETUPi nd;
    t oB( message) ;
    r et ur n;
}

voi d pf Test DownPr ot ocol  : :  sendRELEASEr eqToDown( voi d)
{
    pf Test RELEASEr eq * message = new pf Test RELEASEr eq;
    t oA( message) ;
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test DownPr ot ocol St at e
/ /

pf Test DownPr ot ocol St at e : :  pf Test DownPr ot ocol St at e( voi d)
    : pf St at e( ) ,
     pf Test UpI nput s( ) ,
     pf Test DownI nput s( ) ,
     pf Test Ti meout I nput s( )
{



    r et ur n;
}

pf Test DownPr ot ocol St at e : :  ~pf Test DownPr ot ocol St at e( )
{
    r et ur n;
}

/ /  These ar e t he def aul t  f unct i ons f or  Down pr ot ocol ’ s FSM.  Her e t hey j ust
/ /  t hr ow except i ons,  i n t he der i ved st at es t hei r  f unct i onal i t y i s di f f er ent .

voi d pf Test DownPr ot ocol St at e : :  pf Test SETUPi ndAct (
    pf Test SETUPi nd * ,
    pf Pr ot ocol  * )
{
    t hr ow pf Except i on( PF_EX_I NFO) ;
    r et ur n;
}

voi d pf Test DownPr ot ocol St at e : :  pf Test RELEASEr eqAct (
    pf Test RELEASEr eq * ,
    pf Pr ot ocol  * )
{
    t hr ow pf Except i on( PF_EX_I NFO) ;
    r et ur n;
}

voi d pf Test DownPr ot ocol St at e : :  pf Test Ti meout Act (
    pf Test Ti meout  * ,
    pf Pr ot ocol  * )
{
    t hr ow pf Except i on( PF_EX_I NFO) ;
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test DownPr ot ocol I dl e
/ /

pf Test DownPr ot ocol I dl e * pf Test DownPr ot ocol I dl e : :  i nst ance( voi d)
{
    i f  ( _onl y == 0)
    {
        _onl y = new pf Test DownPr ot ocol I dl e;
    }
    r et ur n _onl y;
}

pf Test DownPr ot ocol I dl e : :  pf Test DownPr ot ocol I dl e( voi d)
    : pf Test DownPr ot ocol St at e( )
{
    r et ur n;
}

pf Test DownPr ot ocol I dl e : :  ~pf Test DownPr ot ocol I dl e( voi d)
{
    r et ur n;
}

voi d pf Test DownPr ot ocol I dl e : :  pf Test SETUPi ndAct (
    pf Test SETUPi nd * ,
    pf Pr ot ocol  * pr ot ocol _)
{
    pf Test DownPr ot ocol  * pr ot ocol  =
        dynami c_cast <pf Test DownPr ot ocol  * >( pr ot ocol _) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( pr ot ocol ) ;
    pr ot ocol - >sendSETUPi ndToUp( ) ;



    pr ot ocol - >st ar t Ti mer ( Test Ti meout st r ) ;
    pr ot ocol - >changeSt at e( pf Test DownPr ot ocol Act i ve: : i nst ance( ) ) ;
    r et ur n;
}

voi d pf Test DownPr ot ocol I dl e : :  pf Test RELEASEr eqAct (
    pf Test RELEASEr eq * pr i mi t i ve_,
    pf Pr ot ocol  * pr ot ocol _)
{
    r et ur n;
}

voi d pf Test DownPr ot ocol I dl e : :  pf Test Ti meout Act (
    pf Test Ti meout  * ,
    pf Pr ot ocol  * )
{
    debugUser ( " Ti meout  ar r i ved at  downPr ot ocol I dl e" ) ;
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test DownPr ot ocol Act i ve
/ /

pf Test DownPr ot ocol Act i ve * pf Test DownPr ot ocol Act i ve : :  i nst ance( voi d)
{
    i f  ( _onl y == 0)
    {
        _onl y = new pf Test DownPr ot ocol Act i ve;
    }
    r et ur n _onl y;
}

pf Test DownPr ot ocol Act i ve : :  pf Test DownPr ot ocol Act i ve( voi d)
     : pf Test DownPr ot ocol St at e( )
{
    r et ur n;
}

pf Test DownPr ot ocol Act i ve : :  ~pf Test DownPr ot ocol Act i ve( voi d)
{
    r et ur n;
}

voi d pf Test DownPr ot ocol Act i ve : :  pf Test SETUPi ndAct (
    pf Test SETUPi nd * pr i mi t i ve_,
    pf Pr ot ocol  * pr ot ocol _)
{
    r et ur n;
}

/ /  When a r el ease r equest  ar r i ves at  DownPr ot ocol ’ s act i ve st at e,  i t  sends
/ /  a pf UnI nst al l Tr anspor t er  and sends i t  t o t he mux t o r el ease t he
/ /  connect i on.  A condui t  i mpl ement at i on has i t s mux key as a dat a member .

voi d pf Test DownPr ot ocol Act i ve : :  pf Test RELEASEr eqAct (
    pf Test RELEASEr eq * pr i mi t i ve_,
    pf Pr ot ocol  * pr ot ocol _)
{
    pf Test DownPr ot ocol  * pr ot ocol  =
        dynami c_cast <pf Test DownPr ot ocol  * >( pr ot ocol _) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( pr ot ocol ) ;
    pr ot ocol - >st opTi mer ( Test Ti meout st r ) ;
    pf Key key = pr ot ocol - >get Key( ) ;
    pr ot ocol - >sendRELEASEr eqToDown( ) ;
    pf UnI nst al l Tr anspor t er  uni nst al l er  =
        pf UnI nst al l Tr anspor t er : : cr eat eUnI nst al l Tr anspor t er ( key) ;
    pr ot ocol - >t oA( &uni nst al l er ) ;



    r et ur n;
}

voi d pf Test DownPr ot ocol Act i ve : :  pf Test Ti meout Act (
    pf Test Ti meout  * ,
    pf Pr ot ocol  * )
{
    debugUser ( " Ti meout  ar r i ved at  pf Test DownPr ot ocol Act i ve" ) ;
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test Accessor
/ /

pf Test Accessor  : :  pf Test Accessor ( pf Ul ong maxKeyVal ue_)
    :  pf Accessor ( maxKeyVal ue_)
{
    r et ur n;
}

pf Test Accessor  : :  ~pf Test Accessor ( voi d)
{
    r et ur n;
}

pf Key pf Test Accessor  : :  get Di spat chKey( pf Messenger  * messenger _)
{
    pf Key muxRef  = gener at eKey( ) ;
    r et ur n muxRef ;
}

/ /
/ /  Cl ass:  pf Test Adapt er
/ /

pf Condui t  pf Test Adapt er  : :  cr eat e( i nt  count er _,  pf Ul ong st ar t Ti me_)
{
    pf Pr ot ocol  * adapt er  = new pf Test Adapt er ( count er _,  st ar t Ti me_) ;
    pf Condui t  newCondui t  = pf Condui t ( adapt er ) ;
    r et ur n newCondui t ;
}

pf Test Adapt er  : :  pf Test Adapt er ( i nt  count er _,  pf Ul ong st ar t Ti me_)
    : pf Adapt er ( )
{
    changeSt at e( pf Test Adapt er St at e: : i nst ance( ) ) ;
    _count er  = count er _;
    pf Ti mer Messenger  * t i meout  = pf Test Ti meout  : :  cr eat e( ) ;
    def i neTi mer ( Test Ti meout st r ,  t i meout ,  st ar t Ti me_) ;
    st ar t Ti mer ( Test Ti meout st r ) ;
    r et ur n;
}

pf Test Adapt er  : :  ~pf Test Adapt er ( voi d)
{
    r et ur n;
}

voi d pf Test Adapt er  : :  decr ement Count er ( voi d)
{
    _count er - - ;
    r et ur n;
}

i nt  pf Test Adapt er  : :  get Count er ( voi d)  const
{
    r et ur n _count er ;



}

voi d pf Test Adapt er  : :  sendSETUPi ndToUp( voi d)
{
    pf Test SETUPi nd * message = new pf Test SETUPi nd;
    t oA( message) ;
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test Adapt er St at e
/ /

pf Test Adapt er St at e * pf Test Adapt er St at e : :  i nst ance( voi d)
{
    i f  ( _onl y == 0)
    {
        _onl y = new pf Test Adapt er St at e;
    }
    r et ur n _onl y;
}

pf Test Adapt er St at e : :  pf Test Adapt er St at e( voi d)
    : pf St at e( ) ,
     pf Test DownI nput s( ) ,
     pf Test Ti meout I nput s( )
{
    r et ur n;
}

pf Test Adapt er St at e : :  ~pf Test Adapt er St at e( voi d)
{
    r et ur n;
}

voi d pf Test Adapt er St at e : :  pf Test RELEASEr eqAct (
    pf Test RELEASEr eq * ,
    pf Pr ot ocol  * pr ot ocol _)
{
    pf Ul ong val ue = 0;
    pf Test Adapt er  * adapt er  = dynami c_cast <pf Test Adapt er * >( pr ot ocol _) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( adapt er ) ;
    val ue = adapt er - >get Count er ( ) ;
    i f ( val ue > 0)
    {
        adapt er - >sendSETUPi ndToUp( ) ;
        adapt er - >decr ement Count er ( ) ;
    }
    r et ur n;
}

voi d pf Test Adapt er St at e : :  pf Test Ti meout Act (
    pf Test Ti meout  * ,
    pf Pr ot ocol  * pr ot ocol _)
{
    pf Test Adapt er  * adapt er  = dynami c_cast <pf Test Adapt er * >( pr ot ocol _) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( adapt er ) ;
    adapt er - >sendSETUPi ndToUp( ) ;
    r et ur n;
}



/ / Edi t or - I nf o:  - * -  C++ - * -
/ /
/ / Subj ect :  SCOMS pr oj ect  /  exer ci se
/ /
/ / Fi l e:  t est pr i mi t i ves. h
/ /
/ / Ver si on:  $Revi s i on:  1. 6 $
/ /
/ / St at e:  $St at e:  Exp $
/ /
/ / Dat e:  $Dat e:  1999/ 03/ 31 12: 17: 16 $
/ /
/ / Or gani sat i on:
/ /       Hel s i nki  Uni ver si t y of  Technol ogy
/ /       Labor at or y of  Tel ecommuni cat i ons Sof t war e and Mul t i medi a
/ /
/ / Aut hor :
/ /       Ol l i  Sui hkonen
/ /
/ / Descr i pt i on:
/ /       Pr i mi t i ves used i n OVOPS++ - exer ci se.
/ /
/ / Copyr i ght :
/ /       Copyr i ght  1999 Hel si nki  Uni ver si t y of  Technol ogy
/ /       ALL RI GHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
/ /
/ / Li cence:
/ /
/ /
/ / Hi st or y:

#i f ndef  __TESTPRI MI TI VES_H__
#def i ne __TESTPRI MI TI VES_H__

#i ncl ude " pf / messenge. h"

/ /  Test Pr i mi t i ve i s a base cl ass f or  messages.

cl ass pf Test Pr i mi t i ve :  publ i c pf Messenger
{
    publ i c:
        pf Test Pr i mi t i ve( voi d) ;
        v i r t ual  ~pf Test Pr i mi t i ve( voi d) ;
} ;

/ /  Set up i ndi cat i on goes up,  and causes i nst al l i ng a new connect i on.  Appl y
/ /  i s  t he met hod t hat  cal l s t he cor r ect  met hod i n t he st at e.

c l ass pf Test SETUPi nd :  publ i c pf Test Pr i mi t i ve
{
    publ i c:
        pf Test SETUPi nd( voi d) ;
        v i r t ual  ~pf Test SETUPi nd( voi d) ;
        v i r t ual  voi d appl y( pf St at e * st at e_,  pf Pr ot ocol  * const  pr ot ocol _) ;
} ;

/ /  Rel ease r equest  goes down and causes dest r oyi ng t he connect i on.

c l ass pf Test RELEASEr eq :  publ i c pf Test Pr i mi t i ve
{
    publ i c:
        pf Test RELEASEr eq( voi d) ;
        v i r t ual  ~pf Test RELEASEr eq( voi d) ;
        v i r t ual  voi d appl y( pf St at e * st at e_,  pf Pr ot ocol  * const  pr ot ocol _) ;
} ;

/ /  pf Test UpI nput s cont ai ns met hods f or  al l  messages t hat  go up.



cl ass pf Test UpI nput s
{
    publ i c:
        v i r t ual  voi d pf Test SETUPi ndAct (
            pf Test SETUPi nd * message_,
            pf Pr ot ocol  * pr ot ocol _) =0;
} ;

/ /  pf Test DownI nput s cont ai ns met hods f or  al l  messages t hat  go down.

cl ass pf Test DownI nput s
{
    publ i c:
        v i r t ual  voi d pf Test RELEASEr eqAct (
            pf Test RELEASEr eq * message_,
            pf Pr ot ocol  * pr ot ocol _) =0;
} ;

#endi f  / /  __TESTPRI MI TI VES_H__



/ / Edi t or - I nf o:  - * -  C++ - * -
/ /
/ / Subj ect :  SCOMS pr oj ect  /
/ /
/ / Fi l e:  t est pr i mi t i ves. cpp
/ /
/ / Ver si on:  $Revi s i on:  1. 6 $
/ /
/ / St at e:  $St at e:  Exp $
/ /
/ / Dat e:  $Dat e:  1999/ 03/ 31 12: 17: 16 $
/ /
/ / Or gani sat i on:
/ /       Hel s i nki  Uni ver si t y of  Technol ogy
/ /       Labor at or y of  Tel ecommuni cat i ons Sof t war e and Mul t i medi a
/ /
/ / Aut hor :
/ /       Ol l i  Sui hkonen
/ /
/ / Descr i pt i on:
/ /       See t he header  f i l e.
/ /
/ / Copyr i ght :
/ /       Copyr i ght  1999 Hel si nki  Uni ver si t y of  Technol ogy
/ /       ALL RI GHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
/ /
/ / Li cence:
/ /
/ /
/ / Hi st or y:

#i ncl ude " t est pr i mi t i ves. h"
#i ncl ude " pf / er r or . h"
#i ncl ude " pf / st at e. h"
#i ncl ude <t ypei nf o>

/ /
/ /  Cl ass:  pf Test Pr i mi t i ve
/ /

pf Test Pr i mi t i ve : :  pf Test Pr i mi t i ve( voi d)
    :  pf Messenger ( )
{
    r et ur n;
}

pf Test Pr i mi t i ve : :  ~pf Test Pr i mi t i ve( voi d)
{
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test SETUPi nd
/ /

pf Test SETUPi nd : :  pf Test SETUPi nd( voi d)
    :  pf Test Pr i mi t i ve( )
{
    r et ur n;
}

pf Test SETUPi nd : :  ~pf Test SETUPi nd( voi d)
{
    r et ur n;
}

voi d pf Test SETUPi nd : :  appl y( pf St at e * st at e_,  pf Pr ot ocol  * pr ot ocol _)



{
    pf Test UpI nput s * i nput  = dynami c_cast <pf Test UpI nput s* >( st at e_) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( i nput ) ;
    i nput - >pf Test SETUPi ndAct ( t hi s,  pr ot ocol _) ;
    r et ur n;
}

/ /
/ /  Cl ass:  pf Test RELEASEr eq
/ /

pf Test RELEASEr eq : :  pf Test RELEASEr eq( voi d)
    :  pf Test Pr i mi t i ve( )
{
    r et ur n;
}

pf Test RELEASEr eq : :  ~pf Test RELEASEr eq( voi d)
{
    r et ur n;
}

voi d pf Test RELEASEr eq : :  appl y( pf St at e * st at e_,  pf Pr ot ocol  * pr ot ocol _)
{
    pf Test DownI nput s * i nput  = dynami c_cast <pf Test DownI nput s* >( st at e_) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( i nput ) ;
    i nput - >pf Test RELEASEr eqAct ( t hi s,  pr ot ocol _) ;
    r et ur n;
}



/ / Edi t or - I nf o:  - * -  C++ - * -
/ /
/ / Subj ect :  SCOMS pr oj ect  /  exer ci se
/ /
/ / Fi l e:  t est t i meout s. h
/ /
/ / Ver si on:  $Revi s i on:  1. 6 $
/ /
/ / St at e:  $St at e:  Exp $
/ /
/ / Dat e:  $Dat e:  1999/ 03/ 31 12: 17: 16 $
/ /
/ / Or gani sat i on:
/ /       Hel s i nki  Uni ver si t y of  Technol ogy
/ /       Labor at or y of  Tel ecommuni cat i ons Sof t war e and Mul t i medi a
/ /
/ / Aut hor :
/ / Ol l i  Sui hkonen
/ /
/ / Descr i pt i on:
/ / pf Test Ti meout  c l ass and i t s i nput  c l ass,  OVOPS++ - exer ci se.
/ /
/ / Copyr i ght :
/ /       Copyr i ght  1999 Hel si nki  Uni ver si t y of  Technol ogy
/ /       ALL RI GHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
/ /
/ / Li cence:
/ /
/ /
/ / Hi st or y:

#i f ndef  __TESTTI MEOUTS_H__
#def i ne __TESTTI MEOUTS_H__

cl ass pf St at e;
c l ass pf Pr ot ocol ;

#i ncl ude " pf / t i mer . h"
const  st r i ng Test Ti meout st r  = " t est t i meout " ;
const  i nt  Test Ti meout val ue = 3000;

/ /  pf Test Ti meout  i s a message t hat  i s sent ,  when a t i mer  expi r es.  I t  must
/ /  have a c l one( )  met hod t hat  r et ur ns a pf Ti mer Message t ype poi nt er .

c l ass pf Test Ti meout  :  publ i c pf Ti mer Messenger
{
    publ i c:
        st at i c pf Ti mer Messenger  * cr eat e( voi d) ;
        v i r t ual  ~pf Test Ti meout ( voi d) ;
        v i r t ual  voi d appl y( pf St at e * st at e_,  pf Pr ot ocol  * pr ot ocol _) ;
        v i r t ual  pf Ti mer Messenger  * c l one( voi d)  const ;

pr ot ect ed:
        pf Test Ti meout ( const  pf Test Ti meout  &ot her _) ;
    pr i vat e:
        pf Test Ti meout ( voi d) ;
} ;

c l ass pf Test Ti meout I nput s
{
    publ i c:
        v i r t ual  voi d pf Test Ti meout Act (
            pf Test Ti meout  * t i meout _,
            pf Pr ot ocol  * pr ot ocol _) =0;
} ;

# endi f  / /  __TESTTI MEOUTS_H__



/ / Edi t or - I nf o:  - * -  C++ - * -
/ /
/ / Subj ect :  SCOMS pr oj ect  /  exer ci se
/ /
/ / Fi l e:  t est t i meout s. cpp
/ /
/ / Ver si on:  $Revi s i on:  1. 6 $
/ /
/ / St at e:  $St at e:  Exp $
/ /
/ / Dat e:  $Dat e:  1999/ 03/ 31 12: 17: 16 $
/ /
/ / Or gani sat i on:
/ /       Hel s i nki  Uni ver si t y of  Technol ogy
/ /       Labor at or y of  Tel ecommuni cat i ons Sof t war e and Mul t i medi a
/ /
/ / Aut hor :
/ /       Ol l i  Sui hkonen
/ /
/ / Descr i pt i on:
/ /       See t he header  f i l e.
/ /
/ / Copyr i ght :
/ /       Copyr i ght  1999 Hel si nki  Uni ver si t y of  Technol ogy
/ /       ALL RI GHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
/ /
/ / Li cence:
/ /
/ /
/ / Hi st or y:

#i ncl ude " t est t i meout s. h"
#i ncl ude " pf / st at e. h"
#i ncl ude " pf / er r or . h"

/ /
/ /  Cl ass:  pf Test Ti meout
/ /

pf Ti mer Messenger  * pf Test Ti meout  : :  cr eat e( voi d)
{
    pf Test Ti meout  * messenger  = new pf Test Ti meout ;
    r et ur n messenger ;
}

pf Test Ti meout  : :  pf Test Ti meout ( voi d)
    : pf Ti mer Messenger ( )
{
    r et ur n;
}

pf Test Ti meout  : :  pf Test Ti meout ( const  pf Test Ti meout  &ot her _)
    : pf Ti mer Messenger ( ot her _)
{
    r et ur n;
}

pf Test Ti meout  : :  ~pf Test Ti meout ( )
{
    r et ur n;
}

pf Ti mer Messenger  * pf Test Ti meout  : :  c l one( voi d)  const
{
    pf Test Ti meout  * messenger  = new pf Test Ti meout ( * t hi s) ;
    r et ur n messenger ;
}



voi d pf Test Ti meout  : :  appl y( pf St at e * st at e_,  pf Pr ot ocol  * pr ot ocol _)
{
    pf Test Ti meout I nput s * i nput  = dynami c_cast <pf Test Ti meout I nput s* >( st at e_) ;
    THROW_I F_DYNAMI C_CAST_FAI LED( i nput ) ;
    i nput - >pf Test Ti meout Act ( t hi s,  pr ot ocol _) ;
    r et ur n;
}



# Makef i l e f or  OVOPS++ t est  modul e.

# STATI CLI B i s used t o speci f y an ar chi ve t ar get  -  t hat  i s ,  t he modul e
# obj ect  f i l es ar e combi ned i nt o one f i l e wi t h uni x ’ ar ’  pr ogr am.  Thi s
# f i l e i s t hen easy t o l i nk i nt o t he bi nar y i n t he t op l evel  makef i l e.
# You must  wr i t e her e a name f or  t he ar chi ve f i l e,  f or  exampl e l i bbi sup. a.
STATI CLI B =

# STATI CBI N i s used t o speci f y a st at i c bi nar y t ar get .
STATI CBI N = st at i c_t est

# DYNBI N i s used t o speci f y a dynami cal l y l i nked bi nar y t ar get .
DYNBI N = dynami c_t est

### NOTE:  STATI CBI N MUST NOT BE SAME AS DYNBI N ###

# I NSTALL i s used i n ’ make i nst al l ’ .
I NSTALL = i nst al l
I NSTALLOPTS = - c - m 644

# I NSTALLTARGET i s di r ect or y wher e bi nar i es ar e i nst al l ed i n ’ make i nst al l ’ .
I NSTALLTARGET = / t mp

# SUBDI RS i s used t o speci f y al l  di r ect or i es ( modul es)  whi ch need
# t o be compi l ed successf ul l y t o get  al l  OWNMODULEFI LES needed f or
# l i nki ng t o a bi nar y f i l e.  Al so used i n deepcl ean and deepdep.
SUBDI RS =

# OWNSTATI CLI BS speci f i es al l  l i br ar y- f i l es ( * . a)  i n subdi r s.
OWNSTATI CLI BS =

# OWNDYNOBJS i s used t o speci f y al l  ( dynami c)  obj ect  f i l es ( * . o)  i n subdi r s.
OWNDYNOBJS =

# OBJS must  have al l  obj ect  f i l es ( * . o)  of  your  modul e.  I t  i s  necessar y t o
# def i ne t hi s and pr evi ous var i abl es _bef or e_ t he next  st ep
# ( i ncl ude Rul es. Make) ,  ot her wi se t he makef i l es WON’ T WORK.
OBJS = t est pr i mi t i ves. o \

t est condui t s. o \
t est t i meout s. o \
pf t est . o

#
# I ncl ude a Rul es f i l e
#
i ncl ude $( OPPSRC) / Rul es. Make

i nst al l  :  st at i c dynami c
$( I NSTALL)  $( I NSTALLOPTS)  $( STATI CBI N)  $( DYNBI N)  $( I NSTALLTARGET)

###
### NOTES:
###
### Uncomment  f or - l i nes bel ow i f  you have SUBDI RS def i ned.
###
### I f  you get  er r or  messages f r om make,  change var i abl es i n r ul e name
### ( f our  var i abl es i n f ar  l ef t )  t o name you def i ned above.  Or  i f
### t hey ar e undef i ned,  comment  t hem.
###

# Def aul t  ’ s t at i c ’  r ul e f or  modul es.  Bot h STATI CBI N and STATI CLI B ar e
# speci f i ed so t hat  t hi s same r ul e woul d wor k f or  bot h i ndi v i dual  r ul es and
# t op l evel  execut abl e.  One or  t he ot her  wi l l  be empt y,  but  i t  doesn’ t
# mat t er .
st at i c :  $( STATI CBI N)  $( STATI CLI B)

# Def aul t  r ul e t o make an ar chi ve t ar get .
$( STATI CLI B)  :  $( OBJS)



$( AR)  $( AROPTI ONS)  $( STATI CLI B)  $( OBJS)
$( RANLI B)  $( STATI CLI B)

# @f or  i  i n $( SUBDI RS) ;  do (  cd $$i  && $( MAKE)  st at i c ) ;  done

# Def aul t  r ul e t o make own st at i c bi nar y.
$( STATI CBI N)  :  $( OBJS)  $( STATI CLI B)
# @f or  i  i n $( SUBDI RS) ;  do (  cd $$i  && $( MAKE)  st at i c ) ;  done

$( CC)  $( CCFLAGS)  $( I NC_DI RS)  - o $( STATI CBI N)  $( OBJS)  $( OPP_LI BS)
$( OWNSTATI CLI BS)  $( ORBLI B)  $( NAMELI B)  $( EVENTLI B)  $( PROPERTYLI B)

# Def aul t  ’ dynami c’  r ul e f or  modul es.  Bot h DYNTARGET and DYNBI N ar e
# speci f i ed so t hat  t hi s same r ul e woul d wor k f or  bot h i ndi v i dual  r ul es and
# t op l evel  execut abl e.  One or  t he ot her  wi l l  be empt y,  but  i t  doesn’ t
# mat t er .  Al so OBJS i s speci f i ed t o avoi d pr obl ems wi t h possi bl e
# subdi r ect or i es.
dynami c :  $( DYNBI N)  $( DYNLI B)  $( OBJS)

# Def aul t  r ul e t o make a dynami c l i br ar y.
$( DYNLI B)  :  $( OBJS)

$( CC)  - shar ed $( CCFLAGS)  - o $( DYNLI B)  $( OBJS)
# @f or  i  i n $( SUBDI RS) ;  do (  cd $$i  && $( MAKE)  dynami c ) ;  done

# Def aul t  r ul e t o make own dynami cal l y l i nked bi nar i es.
$( DYNBI N)  :  $( OBJS)
# @f or  i  i n $( SUBDI RS) ;  do (  cd $$i  && $( MAKE)  dynami c ) ;  done

$( CC)  $( CCFLAGS)  $( I NC_DI RS)  - o $( DYNBI N)  $( DYN_LI BS)  $( OWNDYNOBJS)
$( OBJS)

# deepdep makes dependenci es i n cur r ent  di r ect or y and al l  SUBDI RS.
deepdep :  dep
# @f or  i  i n $( SUBDI RS) ;  do (  cd $$i  && $( MAKE)  deepdep ) ;  done

# deepcl ean cl eans cur r ent  di r ect or y and al l  SUBDI RS.
deepcl ean :  c l ean
# @f or  i  i n $( SUBDI RS) ;  do (  cd $$i  && $( MAKE)  deepcl ean ) ;  done

# Dependenci es ar e bel ow.  The l i ne next  t o t hi s i s used by makedepend,  so
# DO NOT DELETE


