
29236���PDQXDO
9HUVLRQ�������WK�1RYHPEHU������

2OOL�6XLKNRQHQ



�����

TABLE OF CONTENTS

$%%5(9,$7,216 �����������������������������������������������������������������������������������������������������������������������
� ,1752'8&7,21���������������������������������������������������������������������������������������������������������������
� $5&+,7(&785(����������������������������������������������������������������������������������������������������������������
������&RQGXLWV ������������������������������������������������������������������������������������������������������������������������������
��� 8VLQJ�SUR[LHV ���������������������������������������������������������������������������������������������������������������������
��� ,QIRUPDWLRQ�FKXQNV ����������������������������������������������������������������������������������������������������������
��� 5HODWLRQV�EHWZHHQ�FODVVHV�������������������������������������������������������������������������������������������������

� 5()(5(1&(�*8,'(��������������������������������������������������������������������������������������������������������
��� SI$FFHVVRU ��������������������������������������������������������������������������������������������������������������������������
��� SI$GDSWHU����������������������������������������������������������������������������������������������������������������������������
��� SI&RQGXLW����������������������������������������������������������������������������������������������������������������������������
��� SI'HEXJ�����������������������������������������������������������������������������������������������������������������������������
��� SI([FHSWLRQ�����������������������������������������������������������������������������������������������������������������������
��� SI)DFWRU\����������������������������������������������������������������������������������������������������������������������������
��� SI)UDPH������������������������������������������������������������������������������������������������������������������������������
��� SI,( ������������������������������������������������������������������������������������������������������������������������������������
��� SI,(FRQWDLQHU��������������������������������������������������������������������������������������������������������������������
���� SI0HVVHQJHU ����������������������������������������������������������������������������������������������������������������������
���� SI0X[���������������������������������������������������������������������������������������������������������������������������������
���� SI3URWRFRO��������������������������������������������������������������������������������������������������������������������������
���� SI6WDWH���������������������������������������������������������������������������������������������������������������������������������
���� SI6\VWHP�����������������������������������������������������������������������������������������������������������������������������
���� SI7LPHU ������������������������������������������������������������������������������������������������������������������������������
���� SI7LPHU0HVVHQJHU������������������������������������������������������������������������������������������������������������
���� SI7LPHUV�����������������������������������������������������������������������������������������������������������������������������
���� SI7UDQVSRUWHU ��������������������������������������������������������������������������������������������������������������������

� +2:�3)�$1'�6)�:25.�72*(7+(5����������������������������������������������������������������������
��� 6\QFKURQRXV�DV\QFKURQRXV�PHVVDJHV��������������������������������������������������������������������������
��� 6\QFKURQRXV�DV\QFKURQRXV�FRQGXLWV ���������������������������������������������������������������������������
��� 7LPHU�IXQFWLRQ������������������������������������������������������������������������������������������������������������������
��� )XQFWLRQ�FDOOV�EHWZHHQ�FRQGXLWV ������������������������������������������������������������������������������������

� 86(5·6�*8,'(�������������������������������������������������������������������������������������������������������������������
��� 6RPH�WKLQJV�WR�UHPHPEHU �����������������������������������������������������������������������������������������������
��� 0DLQ�SURJUDP �������������������������������������������������������������������������������������������������������������������
��� ,QWHUIDFH�FODVVHV�DQG�)60�����������������������������������������������������������������������������������������������

� (;$03/(�35272&2/��,683���������������������������������������������������������������������������������������
� 29236���(;(5&,6(������������������������������������������������������������������������������������������������������
��� *HQHUDO�GHVFULSWLRQ����������������������������������������������������������������������������������������������������������
��� 8VHG�3)�FODVVHV�����������������������������������������������������������������������������������������������������������������
��� ,PSOHPHQWHG�FODVVHV ��������������������������������������������������������������������������������������������������������
��� )LQLWH�VWDWH�PDFKLQHV��������������������������������������������������������������������������������������������������������
��� &ODVV�GLDJUDPV�������������������������������������������������������������������������������������������������������������������

5()(5(1&(6������������������������������������������������������������������������������������������������������������������������������
$33(1',;��



�����

ABBREVIATIONS

$3, $SSOLFDWLRQ�3URJUDPPLQJ�,QWHUIDFH
$70 $V\QFKURQRXV�7UDQVIHU�0RGH
&& &DOO�&RQWURO
&,& &LUFXLW�,GHQWLILFDWLRQ�&RGH
)60 )LQLWH�6WDWH�0DFKLQH
,( ,QIRUPDWLRQ�(OHPHQW
,3 ,QWHUQHW�3URWRFRO
,6'1 ,QWHJUDWHG�6HUYLFHV�'LJLWDO�1HWZRUN
,683 ,6'1�8VHU�3DUW
073�� 0HVVDJH�7UDQVIHU�3DUW��
1, 1HWZRUN�,QWHUIDFH
25% 2EMHFW�5HTXHVW�%URNHU
29236 2EMHFW�9LUWXDO�23HUDWLRQV�6\VWHP
29236�� 2EMHFW�9LUWXDO�23HUDWLRQV�6\VWHP��
3) 3URWRFRO�)UDPHZRUN
3'8 3URWRFRO�'DWD�8QLW
6&206 6RIWZDUH�&2QILJXUDEOH�0XOWLGLVFLSOLQH�6ZLWFK
6$$/ 6LJQDOOLQJ�$70�$GDSWDWLRQ�/D\HU
6) 6FKHGXOHU�)UDPHZRUN
6, 6HUYLFH�,QGLFDWRU
66� 6LJQDOOLQJ�6\VWHP���
67/ 6WDQGDUG�7HPSODWH�/LEUDU\
729( 7UDQVSDUHQW�2EMHFW�RULHQWHG�9LUWXDO�([FKDQJH



�����

1 INTRODUCTION

2EMHFW� 9LUWXDO� 23HUDWLRQV� 6\VWHP��� �29236���� LV� DQ� REMHFW�RULHQWHG� SURWRFRO
IUDPHZRUN� IRU� GDWD� FRPPXQLFDWLRQ� VRIWZDUH� LPSOHPHQWDWLRQ�� ,W� KDV� EHHQ� GHYHORSHG
PDLQO\� LQ� +HOVLQNL� 8QLYHUVLW\� RI� 7HFKQRORJ\
V� 7HOHFRPPXQLFDWLRQ� 6RIWZDUH� DQG
0XOWLPHGLD� /DERUDWRU\� UHVHDUFK� SURMHFWV� FDOOHG� 7UDQVSDUHQW� 2EMHFW�RULHQWHG� 9LUWXDO
([FKDQJH� �729(�� DQG� 6RIWZDUH� &2QILJXUDEOH� 0XOWLGLVFLSOLQH� 6ZLWFK� �6&206��
29236���LV�EDVHG�RQ�LQWHJUDWLRQ�RI�&RQGXLWV���IUDPHZRUN�DQG�29236��$VFRP�7HFK
$*��8QLYHUVLW\�RI�,OOLQRLV�DQG�*/8(�6RIWZDUH�(QJLQHHULQJ�GHYHORSHG�&RQGXLWV���,W�LV�D
FRPSRQHQW�EDVHG� PRGHO� RI� D� IUDPHZRUN� WKDW� XVHV� REMHFW�RULHQWHG� GHVLJQ� SDWWHUQV�
29236� ZDV� GHYHORSHG� E\� 7HOHFRP� )LQODQG� DQG� /DSSHHQUDQWD� 8QLYHUVLW\� RI
7HFKQRORJ\�� DQG� LW� VROYHV� JHQHUDO� SUREOHPV� DSSHDULQJ� LQ� SURWRFRO� LPSOHPHQWDWLRQ�
SURYLGLQJ� FODVVHV� IRU� VFKHGXOLQJ�� WLPHUV�� PHVVDJHV� HWF�� >035���@� 7KH� 29236��
VRIWZDUH� KDV� EHHQ� PDGH� ZLWK� &��� ODQJXDJH�� DQG� LW� FXUUHQWO\� RSHUDWHV� LQ� 81,;
HQYLURQPHQW�

7KLV�GRFXPHQW� LV� WKH�29236���PDQXDO��7KH� FRGH� H[DPSOHV� DUH��ZKHQHYHU� SRVVLEOH�
WDNHQ�IURP�WKH�6&206�VRIWZDUH��%HFDXVH�WKH�GHVLJQ�SDWWHUQV�DUH�DQ� LPSRUWDQW�SDUW�RI
WKH�IUDPHZRUN��WKHLU�XVDJH� LV�H[SODLQHG��,6'1�8VHU�3DUW��,683��SURWRFRO� LV�XVHG�DV�DQ
H[DPSOH�RI�LPSOHPHQWLQJ�D�SURWRFRO�ZLWK�29236����DV�WKH�DXWKRU�KDV�LPSOHPHQWHG�LW�
,W�VKRXOG�EH�QRWHG�WKDW�WKH�H[DPSOHV�DUH�RQO\�VLQJOH�REVHUYDWLRQV�RI�29236����DQG�WKH
IUDPHZRUN�DOORZV�FRPSUHKHQVLYH�PHWKRGV�IRU�LPSOHPHQWDWLRQ�

2 ARCHITECTURE

29236��� SURYLGHV� EDVH� FODVVHV� WKDW� DUH� XVHG� WR� GHULYH� SURWRFRO� VSHFLILF� FODVVHV�� ,W
LQFOXGHV�WZR�GLIIHUHQW�PRGXOHV��VFKHGXOHU�IUDPHZRUN��6)��DQG�SURWRFRO�IUDPHZRUN��3)��
ZKLFK�LQWHUDFW�ZLWK�HDFK�RWKHU��6)�LV�UHVSRQVLEOH�IRU�VFKHGXOLQJ��,WV�XVDJH�LV�RQO\�YLVLEOH
LQVLGH�WKH�EDVH�FODVVHV�RI�3)��ZKHUH�WKH�3)�FRPSRQHQWV�DVN�IRU�SURFHVVLQJ�WLPH��3)�FDQ
EH� URXJKO\� GLYLGHG� LQWR� WZR� SDUWV�� FRQGXLWV� DQG� LQIRUPDWLRQ� FKXQNV�� &RQGXLWV� DUH
FKDQQHOV� IRU� WUDQVIHUULQJ� DQG�SURFHVVLQJ� LQIRUPDWLRQ� FKXQNV��7KH� IUDPHZRUN�KDV� IRXU
NLQGV�RI�FRQGXLWV��SURWRFRO��PX[��IDFWRU\�DQG�DGDSWHU��(DFK�FRQGXLW��H[FHSW�DGDSWHU��KDV
WZR� VLGHV� �$� DQG� %��� WR� ZKLFK� RWKHU� FRQGXLWV� FDQ� EH� FRQQHFWHG�� &RQGXLWV� DUH� EL�
GLUHFWLRQDO��VR�WKDW�HDFK�VLGH�FDQ�VHQG�DQG�UHFHLYH�LQIRUPDWLRQ��>+-(��@

Design
patterns

Conduits+

OVOPS

Conduits OVOPS++

CVOPS

)LJXUH����29236���HYROXWLRQ�
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2.1 Conduits

• 3URWRFRO� KDV� RQH� QHLJKERXU� FRQGXLW� RQ� LWV
ERWK�VLGHV��,W�LQFOXGHV�D�ILQLWH�VWDWH�PDFKLQH
�)60�� DQG� IXQFWLRQV� WR� SURGXFH� DQG
FRQVXPH� LQIRUPDWLRQ� FKXQNV�� 8VXDOO\
LPSOHPHQWLQJ� D� VLQJOH� OD\HU� LQ� D� SURWRFRO
VWDFN�UHTXLUHV�XVLQJ�VHYHUDO�FRQGXLWV�WKDW�DUH
VSHFLDOL]HG�IRU�VSHFLILF�IXQFWLRQV�

• 0X[�LV�D�FRQGXLW�WKDW�KDV�RQH�FRQGXLW�RQ�LWV
VLGH� $� DQG� DQ\� QXPEHU� RI� FRQGXLWV� RQ� LWV
VLGH� %�� ,W� LV� XVHIXO� IRU� VHSDUDWLQJ� GLIIHUHQW
FRQQHFWLRQV��IRU�H[DPSOH��,Q�WKDW�FDVH�WKHUH
LV� DQ� XSSHU� SURWRFRO� LQVWDQFH� IRU� HDFK
FRQQHFWLRQ� DERYH� WKH� PX[�� DQG� WKH\� DUH
FUHDWHG�DQG�GHOHWHG�G\QDPLFDOO\�

• )DFWRU\� LV� XVHG� WR� LQVWDOO� SURWRFRO� LQVWDQFHV
RQ� D� PX[�� )DFWRU\� KDV� D� SURWRW\SH� RI� WKH
SURWRFRO�� ZKLFK� LW� XVHV� WR� FUHDWH� QHZ
SURWRFRO� LQVWDQFHV� IRU� QHZ� VHVVLRQV� RQ� %�
VLGH�RI�PX[�

• $GDSWHU� LV� XVXDOO\� XVHG� WR� FRQQHFW� WKH
IUDPHZRUN� WR� VRPH� LQWHUIDFH�� XVXDOO\� DQ
DSSOLFDWLRQ� SURJUDPPLQJ� LQWHUIDFH� �$3,��
2QO\� LWV� VLGH� $� LV� FRQQHFWHG� WR� D� FRQGXLW
DQG�VLGH�%�LPSOHPHQWDWLRQ�LV�IRU�H[DPSOH�DQ
DSSOLFDWLRQ�RU�D�KDUGZDUH�GHYLFH�

1RWH�WKDW�SI$GDSWHU��SI)DFWRU\�DQG�SI0X[�DUH�DOO�GHULYHG�IURP�SI3URWRFRO��VR�WKH\�VKDUH
WKH� VDPH� EDVLF� EHKDYLRXU��:KHQ� SI3URWRFRO� LV� XVHG� DV� DQ� H[DPSOH�� WKH� VDPH� H[DPSOH
DSSOLHV�WR�RWKHU�FRQGXLWV�DV�ZHOO��8VXDOO\�SI)DFWRU\�DQG�SI0X[�DUH�XVHG�ZLWKRXW�IXUWKHU
LQKHULWDQFH��DQG� LW� LV�QRW�QHFHVVDU\� WR� LPSOHPHQW�DQ�)60�IRU�WKHP��7KH�WHUP�´FRQGXLW
LPSOHPHQWDWLRQµ��ZKLFK� LV�XVHG� LQ� WKLV�GRFXPHQW�� UHIHUV� WR�D�FODVV� WKDW� LV�GHULYHG�IURP
SI3URWRFRO��RU�DQ�REMHFW�LQVWDQWLDWHG�IURP�VXFK�FODVV�

2.2 Using proxies
7R� FRQQHFW� FRQGXLW� LPSOHPHQWDWLRQV� WR� HDFK� RWKHU�� SI&RQGXLW� FODVV� LV� XVHG� WR� FUHDWH
SUR[LHV� WR� WKHP��7KLV� FDXVHV� WKH� XVDJH� RI� DXWRPDWLF�PHPRU\�PDQDJHPHQW��ZKLFK�ZLOO
FRXQW� WKH� UHIHUHQFHV� WR� WKH� LPSOHPHQWDWLRQ�� &UHDWLQJ� SI&RQGXLW� SUR[LHV� LQFUHPHQWV
SI3URWRFRO
V� UHIHUHQFH� FRXQWHU��:KHQ� D�SUR[\� LV� GHOHWHG�� LWV� GHVWUXFWRU� GHFUHPHQWV� WKH
UHIHUHQFH�FRXQWHU�DQG�FKHFNV� LW�� ,I� WKH�FRXQWHU�KDV�JRQH� WR�]HUR�� WKH�SUR[\�GHOHWHV� WKH
LPSOHPHQWDWLRQ��7KH� LGHD�RI� WKH�SUR[LHV� LV� WR�FRQWURO� DFFHVV� WR� WKH� LPSOHPHQWDWLRQ�� DV
WKH�FRQGXLW�LPSOHPHQWDWLRQV�DUH�XVHG�RQO\�WKURXJK�WKH�SUR[LHV��8VXDOO\�WKHUH�VKRXOG�QRW
EH�QHHG�IRU�SRLQWHUV�VWUDLJKW� WR�FRQGXLW� LPSOHPHQWDWLRQV� LQ� WKH�PDLQ�SURJUDP��RQO\� WR
SUR[LHV�

pfProtocol

B-side

A-side

pfState

pfAdapter

A-side

pfMux

A-side

B-side

pfFactory

A-side

B-side

)LJXUH����3URWRFRO�DQG�VWDWH�

)LJXUH����0X[�DQG�IDFWRU\�

)LJXUH����$GDSWHU�
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// scoms/src/pf/conduit.h
// Basic interface for creating pfConduit proxies and connecting them.

class pfConduit
{
    public:

explicit pfConduit(pfProtocol *implementation_ = 0);
void connectToA(const pfConduit &conduit_);
void connectToB(const pfConduit &conduit_);
void disconnect(void);

}

0HWKRGV� IRU� VHQGLQJ� LQIRUPDWLRQ� FKXQNV� WR� RWKHU� FRQGXLWV� DUH� DYDLODEOH� LQVLGH
SI3URWRFRO�� 5HFHLYLQJ� LQIRUPDWLRQ� FKXQNV� LV� DOVR� LPSOHPHQWHG� LQ� SI3URWRFRO�� EXW� LW� LV
LQYLVLEOH�WR�GHVLJQHU��VHH�FKDSWHU����

// scoms/src/pf/protocol.h
// The first two methods are most commonly used in protocol implementations.
// The last two are used by pf, and can be used for sending e.g.
// pfInstallTransporters in some rare cases.

class pfProtocol : public pfState, public sfTask, public pfTimers
{
    public:

virtual void toA(pfMessenger *messenger_);
       virtual void toB(pfMessenger *messenger_);
       virtual void toA(pfTransporter *transporter_);
       virtual void toB(pfTransporter *transporter_);
}

2.3 Information chunks

• 0HVVHQJHU�LV�DQ�HQWLW\�FRQWDLQLQJ�LQIRUPDWLRQ��,W�FDQ�EH�D�SURWRFRO�GDWD�XQLW��3'8��
D�VHUYLFH�SULPLWLYH�RU�SURWRFRO·V�LQWHUQDO�VLJQDO�

• 7UDQVSRUWHU�LV�XVHG�WR�FDUU\�PHVVHQJHUV�RU�RWKHU�LQIRUPDWLRQ�EHWZHHQ�FRQGXLWV�

• 7LPHRXW�LV�DOVR�D�PHVVDJH�WKDW�LV�UHFHLYHG�LQ�SURWRFRO·V�)60�

SI&RQGXLW

%�VLGH

$�VLGH

D�FRQGXLW

pfProtocol

_refCount = 3

pfConduit

*_implementation

pfConduit

*_implementation

pfConduit

*_implementation

)LJXUH����$�FRQGXLW�LPSOHPHQWDWLRQ�FDQ
KDYH�PDQ\�SUR[LHV�

)LJXUH����(YHU\�SUR[\�KDV�D�FRQGXLW
LPSOHPHQWDWLRQ�
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2.4 Relations between classes
7KH�IROORZLQJ�FODVV�GLDJUDPV�VKRZ�KRZ�WKH�GLIIHUHQW�FODVVHV�RI�WKH�IUDPHZRUN�LQWHUDFW�
8VH�WKH�JUDSKV�ZLWK�WKH�5HIHUHQFH�JXLGH�WRJHWKHU�

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

...

)LJXUH����SI0VJ7UDQVSRUWHU�FDUULHV�PHVVDJHV�

)LJXUH����5HODWLRQV�EHWZHHQ�FRQGXLWV��SURWRFRO��IDFWRU\��PX[�DQG�DGDSWHU��
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)LJXUH����5HODWLRQV�EHWZHHQ�PHVVDJHV�DQG�WLPHUV�

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

7KLV�SDUW�RI�WKH�GRFXPHQW�FRQWDLQV�LQIRUPDWLRQ�DERXW�WKH�PRVW�FRPPRQ�FODVVHV�LQ�WKH
3)�PRGXOH�LQ�DOSKDEHWLFDO�RUGHU�

3.1 pfAccessor
(YHU\�PX[�KDV�DQ�DFFHVVRU�WR�REWDLQ�D�GLVSDWFK�NH\��WKDW�VSHFLILHV�WKH�FRQQHFWLRQ��IURP
DQ�LQFRPLQJ�PHVVDJH��7KH�LPSOHPHQWHG�DFFHVVRU�LV�GHULYHG�IURP�SI$FFHVVRU�FODVV��DQG�LW
PXVW� FRQWDLQ�DW� OHDVW�JHW'LVSDWFK.H\���PHWKRG�ZKLFK� LV� FDOOHG�E\� WKH�PX[� �)LJXUH����
VWHS�����$�PD[LPXP�YDOXH�IRU�PX[�NH\�PXVW�EH�SURYLGHG�ZKHQ�FUHDWLQJ�DQ�DFFHVVRU��7KH
EDVH� FODVV� RIIHUV� WKH� PHWKRG� JHQHUDWH.H\��� IRU� FUHDWLQJ� QHZ�� XQDOORFDWHG� PX[� NH\V�
3I$FFHVVRU�LPSOHPHQWV�WKH�6WUDWHJ\�SDWWHUQ�>*+-9����SDJHV��������@��SI0X[ &RQWH[W�
SI$FFHVVRU 6WUDWHJ\���$V�D�UHVXOW� WKH�PX[�FDQ�EH�XVHG�DQ\ZKHUH� LQ� WKH�FRQGXLW�JUDSK�
EHFDXVH�WKH�DFFHVVRU�LV�WKH�RQO\�SURWRFRO�GHSHQGHQW�SDUW�

// scoms/src/protocol/isup/isupaccessor.cpp
// The getDispatchKey() method obtains the key that individuates the call.
// In ISUP it is Circuit Identification Code (CIC) which in practise is a
// timeslot, and here it is stored in the message as an Information Element
// (IE). See pfIEcontainer methods.

pfKey isupAccessor :: getDispatchKey(pfMessenger *messenger_)
{
    pfUlong timeSlot;
    if(messenger_->ieAvailable(ieCircuitIdentificationStr))
    {
        pfIE *ie = messenger_->getIE(ieCircuitIdentificationStr);
        ieCircuitIdentification *cic =
            dynamic_cast<ieCircuitIdentification*>(ie);
        THROW_IF_DYNAMIC_CAST_FAILED(cic);
        timeSlot = cic->getTimeSlot();
        debugPfUlong("Found timeslot ", timeSlot);
    }
    else
    {
        debugUser("Didn’t find CIC in message!");
        THROW_INVALID_CALL_REFERENCE_VALUE;
    }

    return timeSlot;
}

3.2 pfAdapter
$Q� DGDSWHU� DFWV� DV� DQ� LQWHUIDFH� EHWZHHQ� WKH� FRQGXLW� ZRUOG� DQG� VRPH� GHYLFH� RU
DSSOLFDWLRQ�� 6RPH� FRPPRQ� UXOHV� DERXW� LPSOHPHQWLQJ� DQ� DGDSWHU� IRU� D� GHYLFH� DUH
VNHWFKHG�� 7KH� DGDSWHU� LV� GHULYHG� IURP� WKH� DGDSWHG� GHYLFH�� IRU� H[DPSOH� DQ� ,3�VRFNHW�
$70�VRFNHW�HWF��SI'HYLFH�FODVV�KDV�SXUH�YLUWXDO�PHWKRGV�UHDG$FWLRQ���DQG�ZULWH$FWLRQ���
WKDW�DUH�UHZULWWHQ�XVLQJ�WKH�PHWKRGV�WKDW�WKH�GHYLFH�RIIHUV��7KH�UHDG$FWLRQ���PHWKRG�LV
FDOOHG� E\� SI'HYLFH�� ZKHQ� LW� KDV� UHDG� D� IUDPH� IURP� WKH� GHYLFH�� DQG� LW� LV� JLYHQ� WR� WKH
DGDSWHU� IRU� IXUWKHU�SURFHVVLQJ��ZULWH$FWLRQ��� LV� FDOOHG�ZKHQ� WKH�GHYLFH�KDV�SURFHVVHG� D
ZULWH�UHTXHVW�DQG�WKH�GDWD�KDV�EHHQ�VHQW��,QIRUPDWLRQ�FKXQNV�DUULYLQJ�DW�DGDSWHU�IURP�$�
VLGH�DUH�UHFHLYHG�DQG�KDQGOHG�LQ�DQ�)60�DV�XVXDO�
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3.3 pfConduit
SI&RQGXLW� LV� LPSOHPHQWHG� XVLQJ� WKH� 3UR[\� SDWWHUQ�� ZKLFK� PHDQV� WKDW� LW� SURYLGHV� D
SODFHKROGHU�IRU�DQRWKHU�REMHFW��LQ�RUGHU�WR�FRQWURO�DFFHVV�WR�LW��>*+-9����SDJHV��������@
�SI&RQGXLW 3UR[\�� SI3URWRFRO 5HDO6XEMHFW�� :KHQ� FRQGXLWV� DUH� FRQQHFWHG� RU
GLVFRQQHFWHG�XVLQJ� FRUUHVSRQGLQJ�PHWKRGV�� WKH� FDOOV� DUH� DFWXDOO\� UHGLUHFWHG� WR� WKH� UHDO
FRQGXLW� LPSOHPHQWDWLRQV��$�FRPPRQ�PLVFRQFHSWLRQ� LV� WKDW�SI3URWRFRO� LV�GHULYHG�IURP
SI&RQGXLW�� 7KLV� LV� QRW� WKH� FDVH�� WKH� SI&RQGXLW� FODVV� RIIHUV� MXVW� D� SODFHKROGHU� IRU� D
FRQGXLW� LPSOHPHQWDWLRQ��7KH�FRQGXLW� LPSOHPHQWDWLRQV� VKRXOG�EH�FUHDWHG�XVLQJ�FUHDWH��
IXQFWLRQV� WKDW� UHWXUQ� D� SI&RQGXLW� REMHFW�� 7KLV� FDXVHV� WKH� XVDJH� RI� WKH� SUR[\�PHPRU\
PDQDJHPHQW�DXWRPDWLFDOO\��DQG�LW�SUHYHQWV�RXWVLGHUV�IURP�XVLQJ�WKH�FRQGXLW·V�IXQFWLRQV�
7KLV�VKRXOG�EH�DSSOLFDEOH�DW�OHDVW�LQ�RUGLQDU\�OD\HU�SURWRFROV��EXW�VRPH�VSHFLDO�FDVHV�PD\
SUHYHQW�LW��IRU�H[DPSOH�LI�LQ�PDLQ�SURJUDP�WKH�SURWRFRO·V�PHWKRGV�PXVW�EH�FDOOHG��,I�WKDW
LV�WKH�FDVH��FRQVLGHU�LI�LW�LV�SRVVLEOH�WR�FDOO�WKHVH�PHWKRGV�DOUHDG\�LQ�WKH�FUHDWH���IXQFWLRQ�
,I�WKH�LPSOHPHQWDWLRQ�LV�6LQJOHWRQ��DQG�WKH�RQO\�LQVWDQFH�LV�QRW�VXSSRVHG�WR�EH�GHVWUR\HG
HYHQ� LI� WKHUH� DUH� QR� SUR[LHV� OHIW�� WKH� SI3URWRFRO
V� QR5HIHUHQFH��� PHWKRG� PXVW� EH
RYHUULGHG�ZLWK�RQH�WKDW�QHYHU�UHWXUQV���

// Create a isup protocol and test adapter instances and connect them.

pfConduit *isupProxy = isupProtocol :: create();
pfConduit *adapterProxy = testAdapter :: create();
isupProxy->connectToB(adapterProxy);
adapterProxy->connectToA(isupProxy);

// A normal create function that returns a proxy.

pfConduit pfTestUpProtocol :: create(void)
{
    pfProtocol *protocol = new pfTestUpProtocol();
    pfConduit newConduit = pfConduit(protocol);

    return newConduit;
}

pfDevice

pfAdapter

FAAdapter

...pfATMsocketpfIPsocket

cpcsATMAdapter ...

)LJXUH�����5HDGLQJ�DQG�ZULWLQJ�WR�VRFNHW� )LJXUH�����$GDSWHU�FODVV�KLHUDUFK\�

readCallback()

::read()

readAction() toA()

readDevice()

messageAct()

writeDevice()

::write()

writeAction()

I/O handler pfDevice adapter
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// A Singleton’s create function could look like this:

pfConduit pfTestUpProtocol :: create(void)
{
    if(_only == 0)
    {
    _only = new pfTestUpProtocol();
    }
    pfConduit newConduit = pfConduit(_only);
    return newConduit;
}

3.4 pfDebug
&XUUHQW�HYHQWV�RI� WKH� IUDPHZRUN�DUH�DXWRPDWLFDOO\�DQQRXQFHG�ZLWK� WKH�SI'HEXJ� WUDFH�
7KHVH�HYHQWV�LQFOXGH�FKDQJLQJ�VWDWH��UHFHLYLQJ�DQG�VHQGLQJ�SULPLWLYHV��DV�ZHOO�DV�FUHDWLQJ
PHVVDJH� DQG� SURFHVVLQJ� TXHXHG�PHVVDJHV�� SI'HEXJ� RIIHUV� VHYHUDO� SXEOLF�PHWKRGV� IRU
GLIIHUHQW� W\SHV�RI�GHEXJ�WUDFHV��7KH�PHWKRGV�DUH�XVHG�YLD�PDFURV��DQG�RXWSXW�RI� WKHP
GHSHQGV�RQ�WKH�GHEXJ�RSWLRQV�WKDW�DUH�VHW�LQ�WKH�PDLQ�SURJUDP��'HEXJJLQJ�PXVW�DOVR�EH
GHILQHG�LQ�PDNHILOH��DQG�LW�FDQ�EH�VHW�RII�IRU�EHWWHU�SHUIRUPDQFH��,I�WKH�GHEXJJLQJ�LV�QRW
GHILQHG��WKH�PDFURV�DUH�UHSODFHG�ZLWK�HPSW\�RQHV�WKDW�GR�QRW�FDXVH�IXQFWLRQ�FDOOV�LQ�YDLQ�
SI'HEXJ�SULQWV� WKH� ILOH� DQG� OLQH�QXPEHU�� IURP�ZKLFK� WKH�GHEXJ�PHWKRG� LV� FDOOHG��7KH
WUDFH�PXVW� EH� HQDEOHG� LQ� WKH�PDLQ� SURJUDP�� XVLQJ� WKH� GHILQLWLRQV� LQ� GHEXJ�K�� 8VXDOO\
GHEXJ2XWSXW&RXW���LV�XVHG��ZKLFK�SULQWV�WKH�WUDFH�WR�VFUHHQ�

debugUser("here we go");
debugPfUlong("number ", i);
debugString("string ", a);

,Q�WKH�QH[W�H[DPSOH�D�SDUW�RI�ORJ�LV�SUHVHQWHG��6FKHGXOHG�HYHQWV�VWDUW�ZLWK�WLPHVWDPS�DQG
67$57B5811,1*�OLQH�DQG�HQG�ZLWK�(1'B5811,1*��,Q�WKLV�FDVH�DQ�,683
SURWRFRO�LQVWDQFH�UHFHLYHV�D�VHWXS�UHTXHVW�IURP�XSSHU�OD\HU��EXW�IDLOV�WR�ILQG�D�PDQGDWRU\
,(�DQG�WKURZV�DQ�H[FHSWLRQ�

DEBUG: TRACE: TIMESTAMP: Thu Jul 22 12:38:13 1999 932636293 sec 464557 usec :
debug.cpp : 289
DEBUG: START_RUNNING: isupProtocol_258 runs sigSETUPreq_743 (isupIdle)
DEBUG: TRACE: CIC not present! : isupprotocol.cpp : 293
DEBUG:TRACE: isupProtocol::changeMuxReference found no CIC in message! :
isupprotocol.cpp : 219
DEBUG: TRACE: occured exception = string : sigException : exception.cpp : 114
DEBUG: TRACE: file = string : isupprotocol.cpp : exception.cpp : 115
DEBUG: TRACE: line = pfUlong : 220 : exception.cpp : 116
DEBUG: TRACE: cause = pfUlong : 41 : exception.cpp : 117
DEBUG: TRACE: Failed to set correct mux reference! : isupstate_idle.cpp : 71
DEBUG: END_RUNNING

3.5 pfException
([FHSWLRQV�VKRXOG�EH�XVHG�IRU�HUURU�KDQGOLQJ��SI([FHSWLRQ�FODVV�SURYLGHV�PHWKRGV� IRU
UHFRYHULQJ� LQIRUPDWLRQ� DERXW� WKH� FODVV� DQG� WKH� RFFXUUHQFH� WKDW� FDXVHV� WKURZLQJ� WKH
H[FHSWLRQ�� 8VLQJ� DQ� H[FHSWLRQ� UHTXLUHV� XVLQJ� 3)B(;B,1)2� PDFUR� WKDW� WHOOV� WKH
H[FHSWLRQ·V�FRQVWUXFWRU� WKH�SRLQW�ZKHUH� WKH�H[FHSWLRQ�ZDV� WKURZQ�� ,Q�SI�HUURU�K� WKHUH
DUH� YDULRXV�PDFURV� GHILQHG� HVSHFLDOO\� IRU� XVLQJ� SI([FHSWLRQ�PHWKRGV�� 7KH� H[FHSWLRQV
VKRXOG�EH�FDWFKHG�ZKHQ�WKHUH�LV��IRU�H[DPSOH��VRPH�SURWRFROV�VSHFLILF�DFWLRQ�WKDW�PXVW
EH�GRQH�LQ�HUURU�VLWXDWLRQ��,I�WKH\�DUH�QRW�FDWFKHG�EHIRUH��WKH�SI3URWRFRO·V�UXQ&DOOEDFN��
ILQDOO\�FDWFKHV�WKHP�
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3.6 pfFactory
SI)DFWRU\�LPSOHPHQWV�WKH�3URWRW\SH�SDWWHUQ�ZKLFK�XVHV�D�SURWRW\SLFDO�LQVWDQFH�WR�FUHDWH
QHZ�REMHFWV�>*+-9����SDJHV��������@��SI&RQGXLW 3URWRW\SH��SI)DFWRU\ &OLHQW���:KHQ
FUHDWLQJ�D�IDFWRU\��LW�PXVW�EH�JLYHQ�D�SURWRFRO�SURWRW\SH�DV�D�SDUDPHWHU��DIWHU�ZKLFK�LW�LV
FRQQHFWHG�WR�D�PX[��7KH�IDFWRU\�LV�FRQQHFWHG�RQ�%�VLGH�RI�PX[��,W�LV�D�GHIDXOW�FRQGXLW
IRU�LQFRPLQJ�PHVVDJHV��L�H��LI�WKHUH�LV�QR�FRQQHFWLRQ�FRUUHVSRQGLQJ�WR�WKH�GLVSDWFK�NH\�
WKH�PHVVDJH�LV�VHQW�WR�IDFWRU\��)LJXUH�����VWHS����

// scoms/src/sw/swpdhlink.cpp
// ISUP prototype and factory

pfConduit isupProxy = swSwitch::instance()->getPDHprototype();
isupProxy.setId(linkIdentifier_);
_factoryProxy = pfFactory::createFactory(isupProxy);
_factoryProxy.setId(linkIdentifier_);

// scoms/src/sw/swlink.cpp

_factoryProxy.connectToA(_muxProxy);
_muxProxy.connectToB(_factoryProxy);

3.7 pfFrame
SI)UDPH� LV�XVHG�DV�D�GDWD� VWRUDJH��7KH� IUDPH�GDWD� LV�KDQGOHG�RFWHWV� DW� D� WLPH�� ,I�PRUH
HODERUDWH�PHWKRGV�DUH�QHHGHG��XVH�SI%LW6WULQJ�FODVV�WKDW�KDQGOHV�GDWD�DV�ELWV�

// scoms/src/pf/frame.h
// Some important methods of the frame explained.

public:

// Returns the length of the data in octets.
pfUlong length(void) const;

// Methods for reading/writing data to frame. Read data is removed from the
// frame.

void putFirst(pfByte byte_);
void putFirst16bit(pfUlong value_);

       void putFirst24bit(pfUlong value_);
       void putFirst32bit(pfUlong value_);
       void putFirst(const pfByte *byte_, pfUlong length_);
       pfByte getFirst(void);
       pfUlong getFirst16bit(void);
       pfUlong getFirst24bit(void);
       pfUlong getFirst32bit(void);

// The data can be also written to the end of frame.
       void putLast(pfByte byte_);
       void putLast16bit(pfUlong value_);
       void putLast24bit(pfUlong value_);
       void putLast32bit(pfUlong value_);
       void putLast(const pfByte *byte_, pfUlong length_);
       pfByte getLast(void);
       pfUlong getLast16bit(void);
       pfUlong getLast24bit(void);
       pfUlong getLast32bit(void);

// These methods read the data at a given offset, but do not remove it.
       pfByte read(pfUlong offset_) const;
       pfUlong read16bit(pfUlong offset_) const;
       pfUlong read24bit(pfUlong offset_) const;
       pfUlong read32bit(pfUlong offset_) const;
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// The data can also be written to specific offset. The original data will
// be replaced. getSubFrame() creates a new frame, but does not alter the
// original data.
       void write(pfByte value_, pfUlong offset_);
       pfFrame getSubFrame(pfUlong start_, pfUlong length_) const;

3.8 pfIE
SI,(�LV�EDVH�FODVV�IRU� LQIRUPDWLRQ�HOHPHQWV��,(� LV�XVXDOO\�D�SDUDPHWHU� LQ�D�3'8��DQG� LW
FDQ�FRQWDLQ�DQ\�LQIRUPDWLRQ�QHHGHG��$V�WKH�SI0HVVHQJHU�LV�GHULYHG�IURP�SI,(FRQWDLQHU�
LW�FDQ�EH�XVHG�IRU�VWRULQJ�LQIRUPDWLRQ�HOHPHQWV��7KH�LQIRUPDWLRQ�HOHPHQWV�PXVW�FRQWDLQ
FORQH���PHWKRGV��WKDW�DUH�XVHG�E\�SI,(FRQWDLQHU�

// scoms/src/protocol/isup/isupprotocol.cpp
// pfMessenger is used to carry information elements. In this example the
// same circuit identification code IE is set to every message.

void isupProtocol :: setCallReference(pfMessenger *message_)
{
    if (_CICset == true)
    {
        pfIE *iePtr = _CIC->clone();
        message_->setIE(ieCircuitIdentificationStr, iePtr);
    }
    else
    {
        debugUser("CIC not known and not set to message");
    }
    return;
}

3.9 pfIEcontainer
SI,(FRQWDLQHU�LV�XVHG�WR�VWRUH�LQIRUPDWLRQ�HOHPHQWV��,W�XVHV�D�6WDQGDUG�7HPSODWH�/LEUDU\
�67/�� PDS� WR� VWRUH� WKH� ,(� LQVWDQFHV�� WKDW� DUH� LGHQWLILHG� ZLWK� VWULQJV�� SI,(FRQWDLQHU
SURYLGHV�PHWKRGV� IRU� VWRULQJ� DQG�GHOHWLQJ� LQIRUPDWLRQ� HOHPHQWV� WKDW� DUH� GHULYHG� IURP
SI,(�FODVV�

3.10  pfMessenger
SI0HVVHQJHU� UHSUHVHQWV� D�PHVVDJH� RU� DQ� HYHQW�� 7KH� DSSO\���PHWKRG� LV� XVHG� WR� LQYRNH
FRUUHFW�DFWLRQ�LQ�SURWRFRO·V�VWDWH�PDFKLQH��VR�LW�PXVW�EH�UHZULWWHQ�LQ�HDFK�PHVVDJH��7KH
DSSO\���PHWKRG�LV�FDOOHG�IURP�SI7UDQVSRUWHU�DV�D�FRQVHTXHQFH�RI�VFKHGXOHU·V�DFWLRQ��IRU
H[DPSOH�LQ�)LJXUH�����VWHS������$V�WKH�FXUUHQW�VWDWH�RI�SURWRFRO�LV�JLYHQ�DV�SDUDPHWHU�WR
DSSO\��� PHWKRG�� WKH� FRUUHFW� $FW��� PHWKRG� FDQ� EH� FDOOHG� LQ� WKH� )60�� SI0HVVHQJHU
LPSOHPHQWV�&RPPDQG�SDWWHUQ��ZKLFK�PHDQV�WKDW�ZKHQ�VRPHRQH�PDNHV�D�UHTXHVW�WR�DQ
REMHFW�� WKH� UHTXHVW� LV� SDVVHG� WR� DQRWKHU� REMHFW� E\� KDQGLQJ� LW� WKH� FRPPDQG� REMHFW
>*+-9���� SDJHV� �������@� �SI0HVVHQJHU &RPPDQG�� SI6WDWH 5HFHLYHU��� 7KLV� ZD\� DQ\
FRQGXLW�FDQ�KDQGOH�WKH�PHVVHQJHU�E\�SDVVLQJ�LW�DORQJ�WR�D�QHLJKERXU�FRQGXLW�RU�DQRWKHU
REMHFW��+HUH�WKH�PHVVHQJHU�LV�SDVVHG�WR�D�VWDWH�REMHFW�

// scoms/src/protocol/isup/isupnnimessages.cpp
// Current state of ISUP is given as parameter to apply().

void isupNniIAMpdu :: apply(pfState *state_, pfProtocol *protocol_)
{
    isupNniMessageInputs *input =
        dynamic_cast<isupNniMessageInputs*>(state_);



������

    THROW_IF_DYNAMIC_CAST_FAILED(input);
    input->isupNniIAMpduAct(this, protocol_);
    return;
}

3.11  pfMux
7KH�PXOWLSOH[HU�ZRUNV�WRJHWKHU�ZLWK�D�IDFWRU\�DQG�DQ�DFFHVVRU��7KH�DFFHVVRU�LV�XVHG�WR
REWDLQ�D�GLVSDWFK�NH\�IURP�D�PHVVDJH��:KHQ�WKH�NH\�LV�DYDLODEOH��WKH�PX[�FKHFNV�IURP�LWV
67/�PDS� VWUXFWXUH� LI� WKHUH� LV� D� FRQQHFWLRQ� PDWFKLQJ� WKH� NH\� RU� QRW�� ,I� WKHUH� LV�� WKH
PHVVDJH�LV�VHQW�WR�FRUUHFW�SURWRFRO��DQG�LI�QRW��D�QHZ�SURWRFRO�LQVWDQFH�LV�FUHDWHG�XVLQJ
WKH� IDFWRU\� �)LJXUH� ���� VWHSV� ������ :KHQ� FUHDWLQJ� D� PX[�� LW� LV� JLYHQ� WKH� DFFHVVRU� DV
SDUDPHWHU�� ,PSRUWDQW�� HYHU\� FRQGXLW� LPSOHPHQWDWLRQ� WKDW� LV� LQVWDOOHG� RQ� PX[�� PXVW
FRQWDLQ�D�FORQH,PSOHPHQWDWLRQ���PHWKRG�ZKLFK�LV�FDOOHG�E\�WKH�IDFWRU\�

// scoms/src/sw/swpdhlink.cpp
// An accessor is given to mux’s constructor.

    pfAccessor *accessor = new isupAccessor(_maxMuxKeyValue);
    _muxProxy = pfMux::createMux(accessor);
    _muxProxy.setId(linkIdentifier_);

// scoms/src/protocol/isup/isupprotocol.cpp

pfProtocol *isupProtocol :: cloneImplementation(void) const
{
    pfProtocol *protocol = new isupProtocol(*this);
    return protocol;
}

3.12  pfProtocol
SI3URWRFRO� LV� XVHG� WR� LPSOHPHQW� WKH� EHKDYLRU� RI� D� SURWRFRO� XVLQJ� DQ� )60�� 7KH� VWDWH
PDFKLQH� LV� LPSOHPHQWHG� XVLQJ� WKH� 6WDWH� SDWWHUQ�� ZKLFK� PHDQV� WKDW� HDFK� VWDWH� LV
UHSUHVHQWHG� E\� D� VHSDUDWH� REMHFW�� >*+-9���� SDJHV� �������@� �SI3URWRFRO &RQWH[W�
SI6WDWH 6WDWH��(YHU\�SI3URWRFRO�LQVWDQFH�KDV�D�SRLQWHU�WR�LWV�FXUUHQW�VWDWH�REMHFW��ZKLFK
LV�FKDQJHG�ZKHQ�D�VWDWH�FKDQJH�RFFXUV��$�SURWRFRO�FDQ�FKDQJH�LWV�VWDWH�ZKHQ�LW�UHFHLYHV�D
PHVVDJH�RU�ZKHQ�D� WLPHU�H[SLUHV� �D� WLPHRXW�PHVVDJH� LV� UHFHLYHG���SI3URWRFRO� � FRQWDLQV
FRPPRQ� IXQFWLRQV� IRU� VHQGLQJ� DQG� UHFHLYLQJ� LQIRUPDWLRQ� FKXQNV�� $� GHULYHG� SURWRFRO
KDV�SURWRFRO�VSHFLILF�GDWD�DQG�PHWKRGV��EXW�LW�DOVR�GHOHJDWHV�LWV�EHKDYLRU�WR�VWDWH�REMHFWV�
7KH�LQIRUPDWLRQ�FKXQNV�LQWHUDFW�PDLQO\�ZLWK�WKH�VWDWH�REMHFWV�

3.13  pfState
7KH� )60� LPSOHPHQWV� WKH� 6LQJOHWRQ� SDWWHUQ�� PHDQLQJ� WKDW� LQVWHDG� RI� HYHU\� SURWRFRO
LQVWDQFH�KDYLQJ� LWV�RZQ�VWDWH�REMHFWV�� WKHUH� LV�RQO\�RQH� LQVWDQFH�RI�HDFK�VWDWH�FODVV� LQ�D
ELQDU\�>*+-9����SDJHV��������@��SI6WDWH 6LQJOHWRQ��

// scoms/src/protocol/isupstate_idle.cpp
// Here the usage of Singleton pattern is seen. The constructor is
// protected, and the static instance() method is used to get a pointer to
// the protocol instance. *_only is a private static pointer to the state,
// and if it is empty, a new (and only) state instance is created.

isupIdle *isupIdle :: _only = 0;

isupIdle *isupIdle :: instance(void)
{
    if (_only == 0)
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    {
        _only = new isupIdle;
    }
    return _only;
}

isupIdle :: isupIdle(void)
    : isupState()
{
    return;
}
// ...

7KH� VWDWH� FODVVHV� DUH� QRW� VXSSRVHG� WR� FRQWDLQ� DQ\� SURWRFRO� VSHFLILF� GDWD��$� VWDWH� FODVV
PXVW� FRQWDLQ� DOO� WKH� RSHUDWLRQV� WKDW� WKH� PHVVHQJHUV� LQYRNH� LQ� LW�� 7KH� DFWLRQV� DUH
LPSOHPHQWHG� LQ� $FW���PHWKRGV�� WKDW� DUH� FDOOHG� E\� FRUUHVSRQGLQJ�PHVVDJHV�� 'LIIHUHQW
VWDWHV� DUH� VXSSRVHG� WR� UHFHLYH� GLIIHUHQW�PHVVDJHV�� VR� LW� LV� XVHIXO� WR� LPSOHPHQW� GHIDXOW
$FW���PHWKRGV� LQ� D� EDVH� VWDWH� FODVV�� DQG� RQO\� QHFHVVDU\�PHWKRGV� LQ� WKH� VSHFLILF� VWDWH
FODVVHV���7KH�$FW���PHWKRGV�DUH�XVXDOO\�UHSUHVHQWHG�LQ�DQ�DEVWUDFW�LQSXW�FODVV��$�SURWRFRO
WKDW� LQWHUIDFHV�ZLWK� DQRWKHU� FRQGXLW� XVLQJ� DQ� DEVWUDFW� LQSXW� FODVV��PXVW� GHULYH� LWV� RZQ
EDVH�VWDWH�FODVV�IURP�WKDW�LQSXW�FODVV�

// scoms/src/protocol/isup/isupstate.h
// The inputs are divided in 3 groups: primitives on up side, PDUs and
// timeouts. isupState is a base class, that contains default functions for
// inputs.

class isupState : public pfState,
                  public sigDownInputs,
                  public isupNniMessageInputs,
                  public isupTimeoutInputs
{
    public:

        // sigDownInputs
        virtual void sigSETUPreqAct(
            sigSETUPreq *message_,
            pfProtocol *protocol_);
//...

  // isupNniMessageInputs
        virtual void isupNniACMpduAct(
            isupNniACMpdu *message_,
            pfProtocol *protocol_);
//...

        // Timeouts
        virtual void isupT1timeoutAct(pfProtocol *protocol_);
        virtual void isupT5timeoutAct(pfProtocol *protocol_);
        virtual void isupT7timeoutAct(pfProtocol *protocol_);
        virtual void isupT9timeoutAct(pfProtocol *protocol_);

    protected:
        isupState(void);
        virtual ~isupState(void);

        isupProtocol *protocolCast(pfProtocol *protocol_) const;
};

&KDQJLQJ� VWDWH� LV� LPSOHPHQWHG� LQ� SI3URWRFRO� FODVV�� 7KH� FKDQJH6WDWH��� PHWKRG� LV� WKHQ
FDOOHG� IURP� WKH� )60�ZKHQ� QHHGHG�� 7KH� FKDQJH6WDWH���PHWKRG� LV� JLYHQ� D� SRLQWHU� WR� D
VWDWH�LQVWDQFH�DV�SDUDPHWHU��,W�LV�DOVR�LPSRUWDQW�WR�FKDQJH�SURWRFRO
V�VWDWH�WR�VXLWDEOH�RQH
LQ�LWV�FRQVWUXFWRU�
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// scoms/src/protocol/isupniprotocol.cpp
// ISUP’s NI protocol constructor.

isupNiProtocol :: isupNiProtocol()
{
    changeState(isupNiState::instance());
    return;
}

3.14 pfSystem
SI6\VWHP�FODVV�HQFDSVXODWHV� WKH�VFKHGXOHU� IUDPHZRUN� IURP�GHVLJQHU��:KHQ�VWDUWLQJ� WKH
V\VWHP�� WKH� LQLW��� IXQFWLRQ� PXVW� EH� FDOOHG�� ZLWK� SRVVLEOH� �FRPPDQG� OLQH�� SDUDPHWHUV�
SI6\VWHP�DOVR�LPSOHPHQWV�WKH�6LQJOHWRQ�SDWWHUQ��DQG�SURYLGHV�D�JOREDO�SRLQW�RI�DFFHVV�WR
WKH�RQO\�LQVWDQFH�>*+-9����SDJHV��������@��SI6\VWHP 6LQJOHWRQ��

// Init is called in the beginning of main program.
pfSystem::init(argc, argv);

// Run is called in the end of main program, after necessary conduits are
// created and connected. It causes an endless loop to begin.
pfSystem::instance()->run();

// Next runs only one step of sf scheduler. It can be used for debugging
// purposes.
pfSystem::instance()->next();

3.15  pfTimer
SI7LPHU� LV� XVXDOO\� LQYLVLEOH� WR� GHVLJQHU�� DQG� LV� XVHG� E\� WKH� SI7LPHUV� FODVV� ZKLFK� LV
UHFRPPHQGHG� IRU� XVLQJ� WLPHUV�� :KHQ� D� WLPHRXW� RFFXUV�� WKH� VFKHGXOHU� FDOOV
WLPHRXW&DOOEDFN��� PHWKRG� LQ� SI7LPHU�� 7KLV� FDXVHV� VHQGLQJ� D� FRUUHVSRQGLQJ
SI7LPHU0HVVHQJHU�WR�WKH�SURWRFRO�

3.16  pfTimerMessenger
:KHQ�D�SURWRFRO�UHFHLYHV�D�WLPHRXW�PHVVDJH��LW�LV�KDQGOHG�MXVW�OLNH�RWKHU�PHVVDJHV�LQ�WKH
)60��VR�WKH�PHVVDJH
V�DSSO\���PHWKRG�PXVW�EH�ZULWWHQ�WR�FDOO�WKH�ULJKW�$FW���PHWKRG�LQ
WKH� FXUUHQW� VWDWH�� 7KH� PHVVDJH� PXVW� DOVR� FRQWDLQ� D� FORQH��� PHWKRG�� WKDW� LV� XVHG� E\
SI7LPHU�FODVV�

// scoms/src/protocol/isuptimeouts.cpp

pfTimerMessenger *isupT1timeout :: clone(void) const
{
    isupT1timeout *messenger = new isupT1timeout(*this);
    return messenger;
}

void isupT1timeout :: apply(pfState *state_, pfProtocol *protocol_)
{
    isupTimeoutInputs *input = dynamic_cast<isupTimeoutInputs*>(state_);
    THROW_IF_DYNAMIC_CAST_FAILED(input);
    input->isupT1timeoutAct(protocol_);
    return;
}
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3.17  pfTimers
SI7LPHUV�FODVV��ZKLFK� LV� LQKHULWHG� WR�SI3URWRFRO�� LV� WKH� LQWHUIDFH� IRU�GHILQLQJ�DQG�XVLQJ
WLPHUV��:KHQ�FDOOLQJ�GHILQH7LPHU���PHWKRG��LW�LV�SURYLGHG�ZLWK�DQ�XQLTXH�VWULQJ��D�WLPHU
PHVVDJH� LQVWDQFH�� DQG� D� WLPHRXW� YDOXH�� 7KH� FODVV� RIIHUV� DOVR�PHWKRGV� IRU� VHWWLQJ� QHZ
WLPHRXW�YDOXHV��DQG�FKHFNLQJ�LI�WKH�WLPHU�LV�DFWLYH�RU�QRW�

// scoms/src/protocol/isup/isupprotocol.cpp
// isupT1Str is a string that specifies the timer.

defineTimer(isupT1Str, isupT1timeout::create(), _T1value);
startTimer(isupT1Str);
stopTimer(isupT1Str);

// New timeout value can be set as milliseconds. A timer goes inactive when
// it is stopped or when it expires.

setTimeout(isupT1Str, 3000);
bool result = isTimerActive(isupT1Str);

3.18  pfTransporter
SI3URWRFRO�XVHV�WKLV�FODVV��ZKHQ�VHQGLQJ�LQIRUPDWLRQ�FKXQNV�WR�RWKHU�FRQGXLWV��DQG�WKH
GHULYHG�FODVVHV�FDQ�EH�XVHG� LQ�YDULRXV�ZD\��7KH� LGHD� LV� WR�EH� DEOH� WR� VHQG� LQIRUPDWLRQ
EHWZHHQ� FRQGXLWV�ZLWKRXW� KDYLQJ� WR� FDUH�ZKDW� NLQG�RI� FRQGXLW� UHFHLYHV� LW� RU�ZKDW� WKH
GDWD�LV���$�WUDQVSRUWHU�LV�DQ�LPSOHPHQWDWLRQ�RI�WKH�9LVLWRU�3DWWHUQ��ZKLFK�DOORZV�GHILQLQJ
DQ�RSHUDWLRQ� LQ�D�FRQGXLW�ZLWKRXW�FKDQJLQJ� WKH�FODVVHV�RI� WKH�FRQGXLW� >*+-9����SDJHV
�������@� �SI7UDQVSRUWHU 9LVLWRU�� SI3URWRFRO (OHPHQW��� :KHQ� D� YLVLWRU� �H�J�
SI0VJ7UDQVSRUWHU��DUULYHV�DW�D�FRQGXLW��WKH�FRQGXLW�SHUIRUPV�DQ�RSHUDWLRQ�RQ�WKH�YLVLWRU
WKDW� LQGLFDWHV� WKH� FODVV�RI� WKH� FRQGXLW�� ,I� LW� LV� D�PX[�� DW0X[���PHWKRG� LV� FDOOHG�� LI� LW� LV
SURWRFRO��DW3URWRFRO���LV�FDOOHG��DQG�VR�RQ�

• $� PHVVDJH� WUDQVSRUWHU� �SI0VJ7UDQVSRUWHU�� LV� XVHG� WR� FDUU\� D� PHVVHQJHU
�SI0HVVHQJHU��DURXQG�D�FRQGXLW�JUDSK��8VXDOO\�LW�RULJLQDWHV�HLWKHU�IURP�D�DGDSWHU�RU
IURP�D�SURWRFRO�

• $� EURDGFDVW� WUDQVSRUWHU� �SI%URDGFDVW7UDQVSRUWHU�� LV� XVHG� WR� FDUU\� D� PHVVHQJHU
�SI0HVVHQJHU�� DURXQG� D� FRQGXLW� JUDSK��8VXDOO\� LW� RULJLQDWHV� HLWKHU� IURP� D�SURWRFRO
WKURXJK� D� PX[�� 7KH� PHVVHQJHU� PXVW� KDYH� D� FORQH��� PHWKRG� WKDW� LV� FDOOHG� ZKHQ
VHQGLQJ�WKH�WUDQVSRUWHUV�WR�SURWRFROV�RYHU�PX[�

• $Q�LQVWDOO�WUDQVSRUWHU��SI,QVWDOO7UDQVSRUWHU��LV�XVHG�WR�LQVWDOO�D�FRQGXLW�REMHFW�WR�WKH
%�VLGH�RI�WKH�ILUVW�PX[�LW�HQFRXQWHUV��8VXDOO\�LW�RULJLQDWHV�IURP�D�IDFWRU\�

• $Q� XQ�LQVWDOO� 7UDQVSRUWHU� �SI8Q,QVWDOO7UDQVSRUWHU�� LV� XVHG� WR� UHPRYH� D� FRQGXLW
REMHFW� IURP� %� VLGH� RI� WKH� ILUVW� PX[� LQ� HQFRXQWHUV�� SI8Q,QVWDOO7UDQVSRUWHU·V
FRQVWUXFWRU�PXVW�EH�JLYHQ�WKH�PX[�NH\�DV�SDUDPHWHU��VR�WKDW�WKH�PX[�NQRZV�ZKLFK
FRQGXLW�LW�PXVW�HUDVH�

// scoms/src/protocol/isup/isupprotocol.cpp
// This is an example of changing the mux key by first uninstalling the
// connection, and then installing another one. Usually this kind of tricks
// are not necessary.

if(_key != timeSlot)
{
    pfUnInstallTransporter uninstaller =

pfUnInstallTransporter::createUnInstallTransporter(_key);
    toA(&uninstaller);

    pfConduit conduit(this);
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    pfInstallTransporter installer =
pfInstallTransporter::createInstallTransporter(conduit);

    installer.setKey(timeSlot);
    toA(&installer);
}

• $� FURVV� FRQQHFWHU� �SI&URVV&RQQHFWHU�� LV� XVHG� WR� HVWDEOLVK� DQ� LQWHUFRQQHFWLRQ
EHWZHHQ�WZR�SURWRFRO�FRQGXLWV� LQ�GLIIHUHQW� OLQNV��,W�KDV� WKH�RWKHU�VLGH�FRQGXLW�DV�D
GDWD�PHPEHU�

• $� NH\� TXHU\� WUDQVSRUWHU� �SI.H\4XHU\7UDQVSRUWHU�� LV� XVHG� WR� TXHU\� D� PX[� LI� D
VSHFLILHG�NH\�LV�DOORFDWHG�LQ�LWV�PDS�RU�QRW�

// scoms/src/protocol/isup/isupniprotocol.cpp

pfBoolean isupNiProtocol :: isMuxKeyAllocated(const pfKey key_)
{
    pfKeyQueryTransporter keyQuery =
        pfKeyQueryTransporter::createKeyQueryTransporter(key_);
    toB(&keyQuery);
    pfBoolean result = keyQuery.keyAllocatedStatus();
    return result;
}
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4 HOW PF AND SF WORK TOGETHER

SI7LPHU� DQG�SI3URWRFRO� DUH�GHULYHG� IURP� VI7DVN�ZKLFK� LV� D� EDVH� FODVV� IRU� VFKHGXODEOH
REMHFWV��VI7DVN�FRQWDLQV�FDOOEDFN�IXQFWLRQV�WKDW�DUH�RYHUULGHG�LQ�WKH�GHULYHG�FODVVHV��7KH
SURWRFRO� DVNV� IRU� SURFHVVLQJ� WLPH�� DQG� WKH� WLPHU� DVNV� IRU� D� WLPHRXW�� 7KH� VFKHGXOHU
UHVSRQGV�ZLWK�FDOOLQJ�WKH�FRUUHVSRQGLQJ�FDOOEDFN�PHWKRG�

4.1 Synchronous/asynchronous messages
$� WUDQVSRUWHU� FDQ� EH� VHW� DV\QFKURQRXV� RU� V\QFKURQRXV�� ,I� LW� LV� V\QFKURQRXV�� LW� EORFNV
RWKHU�WDVNV�DQG�LV�SURFHVVHG�LPPHGLDWHO\��,I�LW�LV�DV\QFKURQRXV��WKH�FRQGXLW�VFKHGXOHV�LW
E\�UHTXHVWLQJ�SURFHVVLQJ�WLPH�IURP�WKH�VFKHGXOHU�

7KH� DFFHSW��� PHWKRG� LV� FDOOHG� E\� DQRWKHU� FRQGXLW�� WKURXJK� D� SUR[\� WKDW� KROGV� WKH
SURWRFRO�� ,I� WKH� WUDQVSRUWHU�ZDV�VHW� V\QFKURQRXV�� WKH�DFFHSW���ZRXOG�FDXVH�DW3URWRFRO��
FDOO�LPPHGLDWHO\�ZLWKRXW�VFKHGXOLQJ�

4.2 Synchronous/asynchronous conduits
(YHU\� FRQGXLW� LPSOHPHQWDWLRQ� KDV� DQ� DFFHSW��� PHWKRG� WKDW� WDNHV� DQ� LQFRPLQJ
SI7UDQVSRUWHU� DV� SDUDPHWHU�� 7KDW� PHWKRG� WKHQ� FDOOV� HLWKHU� DFFHSW6\QFKURQRXV��� RU
DFFHSW$V\QFKURQRXV��� PHWKRGV�� SI0X[� DQG� SI)DFWRU\� FDOO� DFFHSW6\QFKURQRXV��� DV
GHIDXOW��ZKLOH�SI$GDSWHU�DQG�SI3URWRFRO�FKHFN�LI�WKH�WUDQVSRUWHU� LV�VHW�WR�DV\QFKURQRXV
RU�V\QFKURQRXV��DQG�DFW�RQ�WKDW�EDVLV��7KH�DV\QFKURQRXV�WUDQVSRUWHUV�DUH�WKHQ�SXVKHG�WR
VFKHGXOHU·V�PHVVDJH�TXHXH��7KH�WUDQVSRUWHU�JRHV�WR�WKH�EDFN�RI�WKH�TXHXH�DV�GHIDXOW��EXW
LI� LW� LV� ZDQWHG� WR� JR� ILUVW�� WKH� SI7UDQVSRUWHU·V� VHW6DYH0HWKRG+HDG��� PHWKRG� FDQ� EH
FDOOHG��7KDW� FRXOG�EH� XVDEOH� LI� WKH�SURWRFRO� IRU� H[DPSOH�ZDQWHG� WR� VHQG� D�PHVVDJH� WR
LWVHOI�

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

)LJXUH�����6FKHGXOLQJ�DQ�LQFRPLQJ�PHVVDJH�



������

4.3 Timer function
7LPHU�LV�LQYRNHG�E\�D�SURWRFRO��DQG�WKH�WLPHRXW�DFWLRQ�LV�PXFK�OLNH�ZLWK�WKH�PHVVDJHV�
7KH�WLPHRXW�PHVVDJHV�DUH�VHW�V\QFKURQRXV�

4.4 Function calls between conduits
+HUH� LV� DQ� H[DPSOH� WKDW� VKRXOG� FODULI\� WKH� SXUSRVH� DQG� IXQFWLRQ� RI� VRPH� LPSRUWDQW
FODVVHV�SUHVHQWHG�LQ�WKH�5HIHUHQFH�JXLGH��:KHQ�D�PHVVDJH�DUULYHV�DW�D�PX[��DQ�DFFHVVRU
REWDLQV� LWV�FDOO� UHIHUHQFH�YDOXH�� ,I� WKH�PX[�GRHV�QRW�KDYH�VXFK�FDOO�\HW��D�QHZ�SURWRFRO
LQVWDQFH�LV�LQVWDOOHG�RQ�LW�

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

)LJXUH�����6FKHGXOLQJ�D�QHZ�WLPHRXW�

pfMux

pfFactory
Example
Protocol

Example
accessor

pfMsg
Transporter

Example
message

arrives

)LJXUH�����$�PHVVDJH�DUULYHV�DW�PX[��
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)LJXUH�����:KDW�KDSSHQV�ZKHQ�D�QHZ�SURWRFRO�REMHFW�LV�LQVWDOOHG�RQ�D�PX[��6WHSV�����DUH
KDQGOHG�V\QFKURQRXVO\�

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

7KLV�SDUW�RI�WKH�GRFXPHQW�GUDZV�VRPH�FRPPRQ�JXLGHOLQHV�DERXW�XVLQJ�29236���

5.1 Some things to remember

• &UHDWH�FRS\�FRQVWUXFWRUV�WR�HYHU\�FODVV��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�LQ�FODVVHV�OLNH
SURWRFROV�WKDW�PD\�EH�FORQHG��EXW�LW�LV�HDVLHU�WR�LPSOHPHQW�WKH�FRS\�FRQVWUXFWRUV�LQ
HYHU\�FODVV�

• &RQGXLWV·�FUHDWH���PHWKRGV�VKRXOG�UHWXUQ�D�SI3URWRFRO�SUR[\��7KLV�LV�WR�HQDEOH�WKH
DXWRPDWLF�PHPRU\�PDQDJHPHQW��6LQJOHWRQ�FODVVHV�PXVW�DOVR�KDYH�D�FUHDWH���PHWKRG
RU�VLPLODU�

• 8VH�H[FHSWLRQV�WR�KDQGOH�HUURUV��FDWFK�WKHP�ZKHQ�WKHUH�LV�VRPHWKLQJ�\RX�FDQ�GR
DERXW�LW��7KH�H[FHSWLRQV�DUH�FDWFKHG�HYHQWXDOO\�LQ�SI3URWRFRO·V�UXQ&DOOEDFN���PHWKRG�
LI�QRW�EHIRUH�

• FORQH���PHWKRG�LQ�IROORZLQJ�FODVVHV

• 7LPHRXW�PHVVDJHV��SI7LPHU0HVVHQJHU���SI7LPHU�FODVV�XVHV�WKLV�ZKHQ�VHQGLQJ
WLPHRXWV�

• ,QIRUPDWLRQ�HOHPHQWV��SI,(���SI,(FRQWDLQHU��DOO�PHVVDJHV��XVHV�WKLV�ZKHQ
FRS\LQJ�LQIRUPDWLRQ�HOHPHQWV�

• 0HVVDJHV�FDUULHG�ZLWK�SI%URDGFDVW7UDQVSRUWHUV��SI%URDGFDVW7UDQVSRUWHU�FORQHV
WKH�PHVVDJH�DW�PX[�

• FORQH,PSOHPHQWDWLRQ���PHWKRGV�LQ�IROORZLQJ�FODVVHV

• (YHU\�FRQGXLW�WKDW�LV�LQVWDOOHG�RQ�D�PX[��7KLV�LV�FDOOHG�ZKHQ�D�IDFWRU\�LQVWDOOV�QHZ
LQVWDQFHV�RQ�WKH�PX[�

• 8VH�DXWRBSWU�RQO\�ZKHQ�LW�LV�SRVVLEOH�WKDW�DQ�H[FHSWLRQ�LV�WKURZQ��DQG�D�G\QDPLFDOO\
FUHDWHG�REMHFW�FDQQRW�WKXV�EH�GHOHWHG��5HPHPEHU�WR�UHOHDVH�WKH�SRLQWHU�LI�\RX�ZDQW
WR�VDYH�WKH�REMHFW�

5.2 Main program
6HH� DQ� H[DPSOH� RI� D� PDLQ� SURJUDP� LQ� DSSHQGL[� ��� ,Q� WKH� PDLQ� SURJUDP� QHFHVVDU\
FRQGXLWV�DUH�FUHDWHG�DQG�FRQQHFWHG��DQG�WKH�VFKHGXOHU�LV�VWDUWHG��1RWH�FUHDWH���IXQFWLRQV�
E\�ZKLFK�WKH�FRQGXLW�LPSOHPHQWDWLRQV�DUH�FUHDWHG��7KH\�UHWXUQ�SI&RQGXLW�REMHFWV��ZKLFK
SUHYHQWV� FDOOLQJ� WKH� FRQGXLW� LPSOHPHQWDWLRQ·V� IXQFWLRQV�� ,Q� VRPH� UDUH� FDVHV� LW� LV
QHFHVVDU\� WR� FDOO� WKHP�� ZKLFK� PHDQV� WKDW� WKH� FUHDWH��� KDV� WR� UHWXUQ� D� SRLQWHU� WR� WKH
FRQGXLW� LPSOHPHQWDWLRQ�� 7KLV� FDQ� SRVVLEO\� EH� DYRLGHG� E\� FDOOLQJ� WKH� IXQFWLRQV� LQ� WKH
FUHDWH���IXQFWLRQ�ZKHUH�WKH�SRLQWHU�LV�DYDLODEOH��,Q�VXFK�FDVH�D�SI&RQGXLW�SUR[\�VKRXOG�EH
FUHDWHG�ULJKW�DIWHU�FUHDWLQJ�WKH�FRQGXLW�LPSOHPHQWDWLRQ��WR�SUHYHQW�D�VLWXDWLRQ�LQ�ZKLFK�DQ
H[FHSWLRQ�LV�WKURZQ�DQG�WKH�SRLQWHU�WR�WKH�REMHFW�LV�ORVW��/LQN�LG�LV�QRW�PDQGDWRU\��LW�PD\
EH�XVHG�WR�GLVWLQJXLVK�H�J��GLIIHUHQW�SRUWV�

5.3 Interface classes and FSM
6WDWHV� DUH� GHULYHG� IURP� QHFHVVDU\� LQWHUIDFH� FODVVHV� WKDW� FRQWDLQ� DOO� WKH� SULPLWLYHV�� DQG
SXUH�YLUWXDO� $FW��� IXQFWLRQ�GHFODUDWLRQV��7KHVH� IXQFWLRQV� DUH� GHILQHG� LQ� WKH�EDVH� VWDWH
FODVV� DV� GHIDXOW� PHWKRGV� IRU� UHFHLYLQJ� GLIIHUHQW� NLQGV� RI� PHVVDJHV�� )RU� H[DPSOH� D
SURWRFRO�FDQ�LQKHULW�LWV�XS�DQG�GRZQ�LQWHUIDFHV��DV�ZHOO�DV�LWV�WLPHU�LQSXWV��,Q�WKH�GHULYHG
VWDWH�FODVVHV�RQO\�WKH�IXQFWLRQV�QHFHVVDU\�IRU�WKH�VSHFLILF�VWDWH�DUH�RYHUULGGHQ�
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// scoms/src/protocol/isup/isupnnimessages.h
//
// This class contains pure virtual Act() methods for each of ISUP’s
// messages. The class can be inherited at state classes, which get
// represented primitives as input messages. isupState class is derived from
// this.
//

class isupNniMessageInputs
{
    public:
        virtual void isupNniACMpduAct(
            isupNniACMpdu *message_,
            pfProtocol *protocol_) = 0;
        virtual void isupNniANMpduAct(
            isupNniANMpdu *message_,
            pfProtocol *protocol_) = 0;
        virtual void isupNniCPGpduAct(
            isupNniCPGpdu *message_,
            pfProtocol *protocol_) = 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;

)LJXUH�����6WDWHV�DUH�GHULYHG�IURP�LQSXW�FODVVHV��6SHFLILF�VWDWHV�UHGHILQH�RQO\
WKH�QHFHVVDU\�IXQFWLRQV�



������

6 EXAMPLE PROTOCOL: ISUP

7KLV� H[DPSOH� SUHVHQWV� ,683� SURWRFRO� LQ� 6LJQDOOLQJ� 6\VWHP� ��� �66��� SURWRFRO� VWDFN�
/RZHU�OD\HU�LV�0HVVDJH�7UDQVIHU�3DUW����073����WKDW�RIIHUV�WUDQVSRUW�VHUYLFH��DQG�XSSHU
DSSOLFDWLRQ�WKDW�XVHV�,683�LV�&DOO�&RQWURO��&&���7KH�,683�VWDQGDUG�GRHV�QRW�JLYH�PXFK
DGYLFH� DERXW� LPSOHPHQWDWLRQ� GHWDLOV�� VR� WKLV� FRXOG� EH� GRQH� LQ� PRUH� WKDQ� RQH� ZD\V�
6&206� LPSOHPHQWDWLRQ� KDV� WZR� GLIIHUHQW� SURWRFRO� FRQGXLWV�� ,683� DQG� QHWZRUN
LQWHUIDFH� �1,��� ZKLFK� KDQGOH� GLIIHUHQW� WDVNV�� 7KH� 1,� SURWRFRO� GRHV� HQFRGLQJ� DQG
GHFRGLQJ�� L�H�� WUDQVIRUPV�3'8V� LQWR�PHVVDJHV�DQG� WKH�RSSRVLWH�� ,WV�)60�KDV�RQO\�RQH
VWDWH��7KH�,683�SURWRFRO�KDV�D�FRPSOHWH�)60�WKDW�GHVFULEHV�WKH�,683�IXQFWLRQDOLW\�

073���GLVWLQJXLVKHV�LWV�XVHUV�E\�WKHLU�6HUYLFH�,QGLFDWRU��6,��YDOXH��WKDW�LV���IRU�,683��7KH
QH[W�PX[�LV�IRU�VHSDUDWLQJ�GLIIHUHQW�,683�OLQNV�IURP�HDFK�RWKHU��DQG�WKH�1,�SURWRFRO�LV
6LQJOHWRQ�IRU�HDFK�,683�OLQN��7KH�GLIIHUHQW�,683�FDOOV�DUH�VSHFLILHG�E\�WKHLU�&,&�YDOXHV�
VR�WKHUH�LV�RQH�,683�SURWRFRO�LQVWDQFH��DQG�&&�LQVWDQFH��SHU�HDFK�FRQQHFWLRQ�

)LJXUH�����,683�FRQGXLW�GLDJUDP�

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

7KH�SXUSRVH�RI�WKLV�H[HUFLVH�LV�WR�IDPLOLDUL]H�WKH�XVHU�ZLWK�WKH�FRPPRQ�FRPSRQHQWV�DQG
IXQFWLRQV�RI�29236����$V� WKH�VFKHGXOLQJ� LV�QRW�YHU\�YLVLEOH� WR� WKH�XVHU�� WKH�H[HUFLVH
FRQFHQWUDWHV� RQ� WKH�3)�PRGXOH��7KH�SURJUDP� FDQ�EH� XVHG� IRU� WHVWLQJ�3)� DQG� 6)�� IRU
H[DPSOH�VHDUFKLQJ�PHPRU\�OHDNV��VLPXODWLQJ�GLIIHUHQW�VLWXDWLRQV�DQG�WHVWLQJ�QHZ�IHDWXUHV
RU�FKDQJHV�LQ�3)��<RX�PD\�ILQG�LW�XVHIXO�LQ�WHVWLQJ�WKH�29236���HQYLURQPHQW�

7.1 General description
SI7HVW$GDSWHU�VLPXODWHV�D�VWDFN�RQ�OLQN�OHYHO��7KH�DPRXQW�RI�ORRSV�WR�UXQ�LV�JLYHQ�WR�LWV
FRQVWUXFWRU��(DFK� ORRS�FUHDWHV�D�QHZ�FRQQHFWLRQ�E\�VHQGLQJ�D�SI7HVW6(783LQG�WR� WKH
PX[��7KH�IDFWRU\�FUHDWHV�ERWK�SURWRFROV�RYHU�WKH�PX[��:KHQ�SI7HVW8S3URWRFRO�JHWV�WKH
SI7HVW6(783LQG�� LW� UHSOLHV� ZLWK� D� SI7HVW5(/($6(UHT� WKDW� FDXVHV� UHOHDVLQJ� WKH
FRQQHFWLRQ�DQG�GHOHWLQJ�WKH�FRQGXLWV��6HH�DSSHQGL[���IRU�DQ�H[DPSOH�LPSOHPHQWDWLRQ�

7.2 Used PF classes

• SI&RQGXLW

• SI3URWRFRO

• SI)DFWRU\

• SI0X[

• SI$FFHVVRU

• SI$GDSWHU

• SI0HVVHQJHU

• SI8Q,QVWDOO7UDQVSRUWHU

• SI7LPHU0HVVHQJHU

)LJXUH�����1HZ�FRQQHFWLRQV�DUH�FUHDWHG�LQ�D�ORRS�RYHU�WKH�PX[�
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7.3 Implemented classes

• SI7HVW8S3URWRFRO���SXEOLF�SI3URWRFRO

• SI7HVW8S3URWRFRO6WDWH���SXEOLF�SI6WDWH��SXEOLF�SI7HVW8S,QSXWV

• SI7HVW'RZQ3URWRFRO���SXEOLF�SI3URWRFRO

• SI7HVW'RZQ3URWRFRO6WDWH���SXEOLF�SI6WDWH��SXEOLF�SI7HVW8S,QSXWV��SXEOLF
SI7HVW'RZQ,QSXWV��SXEOLF�SI7LPHRXW,QSXWV

• SI7HVW'RZQ3URWRFRO,GOH���SXEOLF�SI7HVW'RZQ3URWRFRO6WDWH

• SI7HVW'RZQ3URWRFRO$FWLYH���SXEOLF�SI7HVW'RZQ3URWRFRO6WDWH

• SI7HVW$FFHVVRU���SXEOLF�SI$FFHVVRU

• SI7HVW3ULPLWLYH���SXEOLF�SI0HVVHQJHU

• SI7HVW6(783LQG���SXEOLF�SI7HVW3ULPLWLYH

• SI7HVW5(/($6(UHT���SXEOLF�SI7HVW3ULPLWLYH

• SI7HVW8S,QSXWV

• SI7HVW'RZQ,QSXWV

• SI7HVW7LPHRXW,QSXWV

• SI7HVW7LPHRXW���SXEOLF�SI7LPHU0HVVHQJHU

• SI7HVW$GDSWHU���SXEOLF�SI$GDSWHU

• SI7HVW$GDSWHU6WDWH���SXEOLF�SI6WDWH��SXEOLF�SI7HVW'RZQ,QSXWV��SXEOLF
SI7HVW7LPHRXW,QSXWV

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

)LJXUH������$GDSWHU·V�)60��7KH�WLPHU�LV�VWDUWHG�LQ�WKH�DGDSWHU·V
FRQVWUXFWRU��DQG�LWV�H[SLUDWLRQ�FDXVHV�VHQGLQJ�WKH�ILUVW�PHVVDJH�
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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
Active

)LJXUH�����'RZQ3URWRFRO·V�)60

)LJXUH�����8S3URWRFRO·V�)60

pfTestUpProtocol
State

SETUP ind

RELEASE req

Disconnect

pfTestUpProtocol
State

*
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7.5 Class diagrams

pfTestDownProtocolIdle

pfTestSETUPindAct()
pfTestRELEASEreqAct()
pfTestTimeoutAct()

pfTestUpProtocolState

TestSETUPindAct()

pfTestDownProtocolState

pfTestSETUPindAct()
pfTestRELEASEreqAct()
pfTestTimeoutAct()

pfTestAdapterState

pfTestRELEASEreqAct()
pfTestTimeoutAct()

pfTestUpInputs

pfTestSETUPindAct()

pfTestDownInputs

pfTestRELEASEreqAct()

pfTestTimeoutInputs

pfTimeoutAct()

pfTestDownProtocolActive

pfTestSETUPindAct()
pfTestRELEASEreqAct()
pfTestTimeoutAct()

pfTestUpProtocol

sendRELEASEreqToDown()

pfTestDownProtocol

sendSETUPindToUp()
sendRELEASEreqToDown()

pfProtocol

pfTestAdapter

_counter

sendSETUPindToUp()

)LJXUH�����7KH�SURWRFROV�DQG�WKH�DGDSWHU�

)LJXUH�����7KH�VWDWHV�DUH�GHULYHG�IURP�LQSXW�FODVVHV�DQG�SI6WDWH�
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pfTestSETUPind

apply()

pfTestRELEASEreq

apply()

pfTestPrimitive pfTimerMessenger

pfMessenger

pfTestTimeout

apply()

)LJXUH����7KH�PHVVDJHV�LQ�WKLV�H[FHUFLVH�
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APPENDIX 1.

//Editor-Info: -*- C++ -*-
//
//Subject: SCOMS project / exercise
//
//File: pftest.cpp
//
//Version: $Revision: 1.7 $
//
//State: $State: Exp $
//
//Date: $Date: 1999/04/07 09:13:25 $
//
//Organisation:
//      Helsinki University of Technology
//      Laboratory of Telecommunications Software and Multimedia
//
//Author:
//      Olli Suihkonen
//
//Description:
//      Main program of the OVOPS++ exercise
//
//Copyright:
//      Copyright 1999 Helsinki University of Technology
//      ALL RIGHTS RESERVED BETWEEN JANUARY 1996 AND JUNE 1999.
//
//Licence:
//
//
//History:

#include <typeinfo>

#include "testconduits.h"
#include "pf/mux.h"
#include "pf/factory.h"
#include "pf/debug.h"
#include "pf/system.h"

int main(int argc, char *argv[])
{
    // All debug printing directed to cout
    debugOutputCout();

    // Initialize system (sf, possible ORB etc.)
    pfSystem::init(argc, argv);

    // Initialize variables
    pfId id = 1;                    // link id, not mandatory
    int counter = 5;                // counter value for loops
    pfUlong maxValue = 10000;       // max instance (connections) above mux
    pfUlong timerForAdapter = 3000; // 3 secs. to start procedures

    // Create implementations (proxies)
    pfConduit adapterProxy = pfTestAdapter :: create(counter,

timerForAdapter);
    pfConduit downprotocolProxy = pfTestDownProtocol :: create();
    pfConduit upprotocolProxy = pfTestUpProtocol :: create();

    // Create Factory (proxy), which will get the proxy of clonable protocol
    // Both prototypes are given to the factory, it installs and connects
    // them.
    pfConduit factory = pfFactory :: createFactory(downprotocolProxy,

upprotocolProxy);



    // Set link ids for proxies, also works without ids.
    factory.setId(id);
    adapterProxy.setId(id);

    // Create mux (proxy) and its accessor (testAccessor)
    pfTestAccessor *accessor = new pfTestAccessor(maxValue);
    pfConduit mux = pfMux :: createMux(accessor);

    // Connect conduits (adapter, mux, factory)
    adapterProxy.connectToA(mux);
    mux.connectToA(adapterProxy);
    mux.connectToB(factory);
    factory.connectToA(mux);

    // Start system (sf)
    try
    {
        pfSystem::instance()->run();
    }

    // When the scheduler gets empty, sf throws an exception (if there are
    // no file devices attached). pfSystem catches it and throws another
    // one, which is catched here. If ORBacus is used, this doesn’t happen.
    catch (...)
    {
        debugUser("Exception catched in main, the end.");
    }
    return 0;
}



//Editor-Info: -*- C++ -*-
//
//Subject: SCOMS project / exercise
//
//File: testconduits.h
//
//Version: $Revision: 1.6 $
//
//State: $State: Exp $
//
//Date: $Date: 1999/03/31 12:17:16 $
//
//Organisation:
//      Helsinki University of Technology
//      Laboratory of Telecommunications Software and Multimedia
//
//Author:
//      Olli Suihkonen
//
//Description:
//      OVOPS++ -exercice protocols and states, adapter and accessor.
//
//Copyright:
//      Copyright 1999 Helsinki University of Technology
//      ALL RIGHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
//
//Licence:
//
//
//History:

#ifndef __TESTCONDUITS_H__
#define __TESTCONDUITS_H__

#include "pf/protocol.h"
#include "pf/adapter.h"
#include "pf/accessor.h"
#include "pf/error.h"
#include "testprimitives.h"
#include "testtimeouts.h"

// pfTestUpProtocol sends only release requests down. It needs
// cloneImplementation() method because it is installed on mux.
// Factory, that installs the protocols, calls that function.

class pfTestUpProtocol : public pfProtocol
{
    public:
        static pfConduit create(void);
        virtual ~pfTestUpProtocol(void);
        pfProtocol *cloneImplementation(void) const;
        void sendRELEASEreqToDown(void);
    protected:
        pfTestUpProtocol(const pfTestUpProtocol &other_);
    private:
        pfTestUpProtocol(void);
};

// UpProtocol’s only state must be able to receive inputs, that are defined
// in abstact pfTestUpInput class.

class pfTestUpProtocolState : public pfState,
                              public pfTestUpInputs
{
    public:
        static pfTestUpProtocolState *instance(void);
        virtual ~pfTestUpProtocolState(void);



        virtual void pfTestSETUPindAct(
            pfTestSETUPind *primitive_,
            pfProtocol *protocol_);
    private:
        pfTestUpProtocolState(void);
        static pfTestUpProtocolState *_only;
};

// DownProtocol sends messages up and down. It also has a timer that expires
// if an error occurs and a release request is not received in time.

class pfTestDownProtocol : public pfProtocol
{
    public:
        static pfConduit create(void);
        virtual ~pfTestDownProtocol(void);
        pfProtocol *cloneImplementation(void) const;

        void initTimers(void);
        void releaseConnection(void);
        void sendSETUPindToUp(void);
        void sendRELEASEreqToDown(void);
    protected:
        pfTestDownProtocol(const pfTestDownProtocol &other_);
    private:
        pfTestDownProtocol(void);
};

// DownProtocol’s states are derived from Up and Down inputs, because it is
// in the middle. The base class contains default methods, that just throw
// exceptions, so they are overrided in subclasses.

class pfTestDownProtocolState : public pfState,
                                public pfTestUpInputs,
                                public pfTestDownInputs,
                                public pfTestTimeoutInputs
{
    public:
        pfTestDownProtocolState(void);
        virtual ~pfTestDownProtocolState(void);

        virtual void pfTestSETUPindAct(
            pfTestSETUPind *primitive_,
            pfProtocol *protocol_);

        virtual void pfTestRELEASEreqAct(
            pfTestRELEASEreq *primitive_,
            pfProtocol *protocol_);

        virtual void pfTestTimeoutAct(
            pfTestTimeout *timeout_,
            pfProtocol *protocol_);
};

class pfTestDownProtocolIdle : public pfTestDownProtocolState
{
    public:
        static pfTestDownProtocolIdle *instance(void);
        pfTestDownProtocolIdle(void);
        virtual ~pfTestDownProtocolIdle(void);

        virtual void pfTestSETUPindAct(
            pfTestSETUPind *primitive_,
            pfProtocol *protocol_);

        virtual void pfTestRELEASEreqAct(
            pfTestRELEASEreq *primitive_,



            pfProtocol *protocol_);

        virtual void pfTestTimeoutAct(
            pfTestTimeout *timeout_,
            pfProtocol *protocol_);
    private:
        static pfTestDownProtocolIdle *_only;
};

class pfTestDownProtocolActive : public pfTestDownProtocolState
{
    public:
        static pfTestDownProtocolActive *instance(void);
        pfTestDownProtocolActive(void);
        virtual ~pfTestDownProtocolActive(void);

        virtual void pfTestSETUPindAct(
            pfTestSETUPind *primitive_,
            pfProtocol *protocol_);

        virtual void pfTestRELEASEreqAct(
            pfTestRELEASEreq *primitive_,
            pfProtocol *protocol_);

        virtual void pfTestTimeoutAct(
            pfTestTimeout *timeout_,
            pfProtocol *protocol_);
    private:
        static pfTestDownProtocolActive *_only;
};

class pfTestAccessor : public pfAccessor
{
    public:
        pfTestAccessor(pfUlong maxKeyValue_);
        virtual ~pfTestAccessor(void);

        // returns the key from message, or creates a new one.
        pfKey getDispatchKey(pfMessenger *messenger_);
};

// Adapter counts the connections that are created on the mux. A new
// connection is created when a setup indication is sent.

class pfTestAdapter : public pfAdapter
{
    public:
        static pfConduit create(int counter_, pfUlong startTime_);
        virtual ~pfTestAdapter(void);
        void decrementCounter(void);
        int getCounter(void) const;
        void sendSETUPindToUp(void);
    private:
        pfTestAdapter(int counter_, pfUlong startTime_);
        int _counter;
};

// Adapter has just one state.

class pfTestAdapterState : public pfState,
                           public pfTestDownInputs,
                           public pfTestTimeoutInputs
{
    public:
        static pfTestAdapterState *instance(void);
        pfTestAdapterState(void);



        virtual ~pfTestAdapterState(void);

        virtual void pfTestRELEASEreqAct(
            pfTestRELEASEreq *primitive_,
            pfProtocol *protocol_);

        virtual void pfTestTimeoutAct(
            pfTestTimeout *timeout_,
            pfProtocol *protocol_);
    private:
        static pfTestAdapterState *_only;
};

#endif // __TESTCONDUITS_H__



//Editor-Info: -*- C++ -*-
//
//Subject: SCOMS project / exercise
//
//File: testconduits.cpp
//
//Version: $Revision: 1.6 $
//
//State: $State: Exp $
//
//Date: $Date: 1999/03/31 12:17:16 $
//
//Organisation:
//      Helsinki University of Technology
//      Laboratory of Telecommunications Software and Multimedia
//
//Author:
//      Olli Suihkonen
//
//Description:
//      See the header file.
//
//Copyright:
//      Copyright 1999 Helsinki University of Technology
//      ALL RIGHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
//
//Licence:
//
//
//History:

#include "testconduits.h"
#include "testprimitives.h"
#include "pf/debug.h"
#include "pf/error.h"
#include "pf/exception.h"
#include "pf/conduit.h"
#include <typeinfo>

// Singleton pattern implementation: pointers to only instances are set 0.
// Now the instance() methods can check if the object is created of not by
// checking the pointer.

pfTestUpProtocolState *pfTestUpProtocolState :: _only=0;
pfTestDownProtocolIdle *pfTestDownProtocolIdle :: _only=0;
pfTestDownProtocolActive *pfTestDownProtocolActive :: _only=0;
pfTestAdapterState *pfTestAdapterState :: _only=0;

//
// Class: pfTestUpProtocol
//

// Conduits should always be created with create() methods that return a
// pfConduit entity. If there is a need to call the conduit implementation’s
// methods in main program, you should try to do it here instead.

pfConduit pfTestUpProtocol :: create(void)
{
    pfProtocol *protocol = new pfTestUpProtocol();
    pfConduit newConduit = pfConduit(protocol);
    return newConduit;
}

// A protocol’s state must be set in its constructor.

pfTestUpProtocol :: pfTestUpProtocol(void)
    :pfProtocol()
{



    changeState(pfTestUpProtocolState::instance());
    return;
}

pfTestUpProtocol :: pfTestUpProtocol(const pfTestUpProtocol &other_)
    :pfProtocol(other_)
{
    return;
}

pfTestUpProtocol :: ~pfTestUpProtocol(void)
{
    return;
}

pfProtocol *pfTestUpProtocol :: cloneImplementation(void) const
{
    pfTestUpProtocol *protocol = new pfTestUpProtocol(*this);
    return protocol;
}

void pfTestUpProtocol :: sendRELEASEreqToDown(void)
{
    pfTestRELEASEreq *message = new pfTestRELEASEreq;
    toA(message);
    return;
}

//
// Class: pfTestUpProtocolState
//

// Singleton pattern implementation: create the object only if there is not
// one already.

pfTestUpProtocolState *pfTestUpProtocolState :: instance(void)
{
    if (_only == 0)
    {
        _only = new pfTestUpProtocolState;
    }
    return _only;
}

pfTestUpProtocolState :: pfTestUpProtocolState(void)
    :pfState(),
     pfTestUpInputs()
{
    return;
}

pfTestUpProtocolState :: ~pfTestUpProtocolState(void)
{
    return;
}

void pfTestUpProtocolState :: pfTestSETUPindAct(
    pfTestSETUPind *,
    pfProtocol *protocol_)
{
    pfTestUpProtocol *protocol = dynamic_cast<pfTestUpProtocol*>(protocol_);
    THROW_IF_DYNAMIC_CAST_FAILED(protocol);
    protocol->sendRELEASEreqToDown();
    protocol->disconnect();
    return;
}



//
// Class: pfTestDownProtocol
//

pfConduit pfTestDownProtocol :: create(void)
{
    pfProtocol *protocol = new pfTestDownProtocol();
    pfConduit newConduit = pfConduit(protocol);
    return newConduit;
}

pfTestDownProtocol :: pfTestDownProtocol(void)
    :pfProtocol()
{
    changeState(pfTestDownProtocolIdle::instance());
    initTimers();
    return;
}

pfTestDownProtocol :: ~pfTestDownProtocol(void)
{
    return;
}

pfTestDownProtocol :: pfTestDownProtocol(const pfTestDownProtocol &other_)
    :pfProtocol(other_)
{
    initTimers();
    return;
}

pfProtocol *pfTestDownProtocol :: cloneImplementation(void) const
{
    pfTestDownProtocol *protocol = new pfTestDownProtocol(*this);
    return protocol;
}

void pfTestDownProtocol :: initTimers(void)
{
    defineTimer(TestTimeoutstr, pfTestTimeout :: create(),

 TestTimeoutvalue);
    return;
}

void pfTestDownProtocol :: sendSETUPindToUp(void)
{
    pfTestSETUPind *message = new pfTestSETUPind;
    toB(message);
    return;
}

void pfTestDownProtocol :: sendRELEASEreqToDown(void)
{
    pfTestRELEASEreq *message = new pfTestRELEASEreq;
    toA(message);
    return;
}

//
// Class: pfTestDownProtocolState
//

pfTestDownProtocolState :: pfTestDownProtocolState(void)
    :pfState(),
     pfTestUpInputs(),
     pfTestDownInputs(),
     pfTestTimeoutInputs()
{



    return;
}

pfTestDownProtocolState :: ~pfTestDownProtocolState()
{
    return;
}

// These are the default functions for Down protocol’s FSM. Here they just
// throw exceptions, in the derived states their functionality is different.

void pfTestDownProtocolState :: pfTestSETUPindAct(
    pfTestSETUPind *,
    pfProtocol *)
{
    throw pfException(PF_EX_INFO);
    return;
}

void pfTestDownProtocolState :: pfTestRELEASEreqAct(
    pfTestRELEASEreq *,
    pfProtocol *)
{
    throw pfException(PF_EX_INFO);
    return;
}

void pfTestDownProtocolState :: pfTestTimeoutAct(
    pfTestTimeout *,
    pfProtocol *)
{
    throw pfException(PF_EX_INFO);
    return;
}

//
// Class: pfTestDownProtocolIdle
//

pfTestDownProtocolIdle *pfTestDownProtocolIdle :: instance(void)
{
    if (_only == 0)
    {
        _only = new pfTestDownProtocolIdle;
    }
    return _only;
}

pfTestDownProtocolIdle :: pfTestDownProtocolIdle(void)
    :pfTestDownProtocolState()
{
    return;
}

pfTestDownProtocolIdle :: ~pfTestDownProtocolIdle(void)
{
    return;
}

void pfTestDownProtocolIdle :: pfTestSETUPindAct(
    pfTestSETUPind *,
    pfProtocol *protocol_)
{
    pfTestDownProtocol *protocol =
        dynamic_cast<pfTestDownProtocol *>(protocol_);
    THROW_IF_DYNAMIC_CAST_FAILED(protocol);
    protocol->sendSETUPindToUp();



    protocol->startTimer(TestTimeoutstr);
    protocol->changeState(pfTestDownProtocolActive::instance());
    return;
}

void pfTestDownProtocolIdle :: pfTestRELEASEreqAct(
    pfTestRELEASEreq *primitive_,
    pfProtocol *protocol_)
{
    return;
}

void pfTestDownProtocolIdle :: pfTestTimeoutAct(
    pfTestTimeout *,
    pfProtocol *)
{
    debugUser("Timeout arrived at downProtocolIdle");
    return;
}

//
// Class: pfTestDownProtocolActive
//

pfTestDownProtocolActive *pfTestDownProtocolActive :: instance(void)
{
    if (_only == 0)
    {
        _only = new pfTestDownProtocolActive;
    }
    return _only;
}

pfTestDownProtocolActive :: pfTestDownProtocolActive(void)
     :pfTestDownProtocolState()
{
    return;
}

pfTestDownProtocolActive :: ~pfTestDownProtocolActive(void)
{
    return;
}

void pfTestDownProtocolActive :: pfTestSETUPindAct(
    pfTestSETUPind *primitive_,
    pfProtocol *protocol_)
{
    return;
}

// When a release request arrives at DownProtocol’s active state, it sends
// a pfUnInstallTransporter and sends it to the mux to release the
// connection. A conduit implementation has its mux key as a data member.

void pfTestDownProtocolActive :: pfTestRELEASEreqAct(
    pfTestRELEASEreq *primitive_,
    pfProtocol *protocol_)
{
    pfTestDownProtocol *protocol =
        dynamic_cast<pfTestDownProtocol *>(protocol_);
    THROW_IF_DYNAMIC_CAST_FAILED(protocol);
    protocol->stopTimer(TestTimeoutstr);
    pfKey key = protocol->getKey();
    protocol->sendRELEASEreqToDown();
    pfUnInstallTransporter uninstaller =
        pfUnInstallTransporter::createUnInstallTransporter(key);
    protocol->toA(&uninstaller);



    return;
}

void pfTestDownProtocolActive :: pfTestTimeoutAct(
    pfTestTimeout *,
    pfProtocol *)
{
    debugUser("Timeout arrived at pfTestDownProtocolActive");
    return;
}

//
// Class: pfTestAccessor
//

pfTestAccessor :: pfTestAccessor(pfUlong maxKeyValue_)
    : pfAccessor(maxKeyValue_)
{
    return;
}

pfTestAccessor :: ~pfTestAccessor(void)
{
    return;
}

pfKey pfTestAccessor :: getDispatchKey(pfMessenger *messenger_)
{
    pfKey muxRef = generateKey();
    return muxRef;
}

//
// Class: pfTestAdapter
//

pfConduit pfTestAdapter :: create(int counter_, pfUlong startTime_)
{
    pfProtocol *adapter = new pfTestAdapter(counter_, startTime_);
    pfConduit newConduit = pfConduit(adapter);
    return newConduit;
}

pfTestAdapter :: pfTestAdapter(int counter_, pfUlong startTime_)
    :pfAdapter()
{
    changeState(pfTestAdapterState::instance());
    _counter = counter_;
    pfTimerMessenger *timeout = pfTestTimeout :: create();
    defineTimer(TestTimeoutstr, timeout, startTime_);
    startTimer(TestTimeoutstr);
    return;
}

pfTestAdapter :: ~pfTestAdapter(void)
{
    return;
}

void pfTestAdapter :: decrementCounter(void)
{
    _counter--;
    return;
}

int pfTestAdapter :: getCounter(void) const
{
    return _counter;



}

void pfTestAdapter :: sendSETUPindToUp(void)
{
    pfTestSETUPind *message = new pfTestSETUPind;
    toA(message);
    return;
}

//
// Class: pfTestAdapterState
//

pfTestAdapterState *pfTestAdapterState :: instance(void)
{
    if (_only == 0)
    {
        _only = new pfTestAdapterState;
    }
    return _only;
}

pfTestAdapterState :: pfTestAdapterState(void)
    :pfState(),
     pfTestDownInputs(),
     pfTestTimeoutInputs()
{
    return;
}

pfTestAdapterState :: ~pfTestAdapterState(void)
{
    return;
}

void pfTestAdapterState :: pfTestRELEASEreqAct(
    pfTestRELEASEreq *,
    pfProtocol *protocol_)
{
    pfUlong value = 0;
    pfTestAdapter *adapter = dynamic_cast<pfTestAdapter*>(protocol_);
    THROW_IF_DYNAMIC_CAST_FAILED(adapter);
    value = adapter->getCounter();
    if(value > 0)
    {
        adapter->sendSETUPindToUp();
        adapter->decrementCounter();
    }
    return;
}

void pfTestAdapterState :: pfTestTimeoutAct(
    pfTestTimeout *,
    pfProtocol *protocol_)
{
    pfTestAdapter *adapter = dynamic_cast<pfTestAdapter*>(protocol_);
    THROW_IF_DYNAMIC_CAST_FAILED(adapter);
    adapter->sendSETUPindToUp();
    return;
}



//Editor-Info: -*- C++ -*-
//
//Subject: SCOMS project / exercise
//
//File: testprimitives.h
//
//Version: $Revision: 1.6 $
//
//State: $State: Exp $
//
//Date: $Date: 1999/03/31 12:17:16 $
//
//Organisation:
//      Helsinki University of Technology
//      Laboratory of Telecommunications Software and Multimedia
//
//Author:
//      Olli Suihkonen
//
//Description:
//      Primitives used in OVOPS++ -exercise.
//
//Copyright:
//      Copyright 1999 Helsinki University of Technology
//      ALL RIGHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
//
//Licence:
//
//
//History:

#ifndef __TESTPRIMITIVES_H__
#define __TESTPRIMITIVES_H__

#include "pf/messenge.h"

// TestPrimitive is a base class for messages.

class pfTestPrimitive : public pfMessenger
{
    public:
        pfTestPrimitive(void);
        virtual ~pfTestPrimitive(void);
};

// Setup indication goes up, and causes installing a new connection. Apply
// is the method that calls the correct method in the state.

class pfTestSETUPind : public pfTestPrimitive
{
    public:
        pfTestSETUPind(void);
        virtual ~pfTestSETUPind(void);
        virtual void apply(pfState *state_, pfProtocol *const protocol_);
};

// Release request goes down and causes destroying the connection.

class pfTestRELEASEreq : public pfTestPrimitive
{
    public:
        pfTestRELEASEreq(void);
        virtual ~pfTestRELEASEreq(void);
        virtual void apply(pfState *state_, pfProtocol *const protocol_);
};

// pfTestUpInputs contains methods for all messages that go up.



class pfTestUpInputs
{
    public:
        virtual void pfTestSETUPindAct(
            pfTestSETUPind *message_,
            pfProtocol *protocol_)=0;
};

// pfTestDownInputs contains methods for all messages that go down.

class pfTestDownInputs
{
    public:
        virtual void pfTestRELEASEreqAct(
            pfTestRELEASEreq *message_,
            pfProtocol *protocol_)=0;
};

#endif // __TESTPRIMITIVES_H__



//Editor-Info: -*- C++ -*-
//
//Subject: SCOMS project /
//
//File: testprimitives.cpp
//
//Version: $Revision: 1.6 $
//
//State: $State: Exp $
//
//Date: $Date: 1999/03/31 12:17:16 $
//
//Organisation:
//      Helsinki University of Technology
//      Laboratory of Telecommunications Software and Multimedia
//
//Author:
//      Olli Suihkonen
//
//Description:
//      See the header file.
//
//Copyright:
//      Copyright 1999 Helsinki University of Technology
//      ALL RIGHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
//
//Licence:
//
//
//History:

#include "testprimitives.h"
#include "pf/error.h"
#include "pf/state.h"
#include <typeinfo>

//
// Class: pfTestPrimitive
//

pfTestPrimitive :: pfTestPrimitive(void)
    : pfMessenger()
{
    return;
}

pfTestPrimitive :: ~pfTestPrimitive(void)
{
    return;
}

//
// Class: pfTestSETUPind
//

pfTestSETUPind :: pfTestSETUPind(void)
    : pfTestPrimitive()
{
    return;
}

pfTestSETUPind :: ~pfTestSETUPind(void)
{
    return;
}

void pfTestSETUPind :: apply(pfState *state_, pfProtocol *protocol_)



{
    pfTestUpInputs *input = dynamic_cast<pfTestUpInputs*>(state_);
    THROW_IF_DYNAMIC_CAST_FAILED(input);
    input->pfTestSETUPindAct(this, protocol_);
    return;
}

//
// Class: pfTestRELEASEreq
//

pfTestRELEASEreq :: pfTestRELEASEreq(void)
    : pfTestPrimitive()
{
    return;
}

pfTestRELEASEreq :: ~pfTestRELEASEreq(void)
{
    return;
}

void pfTestRELEASEreq :: apply(pfState *state_, pfProtocol *protocol_)
{
    pfTestDownInputs *input = dynamic_cast<pfTestDownInputs*>(state_);
    THROW_IF_DYNAMIC_CAST_FAILED(input);
    input->pfTestRELEASEreqAct(this, protocol_);
    return;
}



//Editor-Info: -*- C++ -*-
//
//Subject: SCOMS project / exercise
//
//File: testtimeouts.h
//
//Version: $Revision: 1.6 $
//
//State: $State: Exp $
//
//Date: $Date: 1999/03/31 12:17:16 $
//
//Organisation:
//      Helsinki University of Technology
//      Laboratory of Telecommunications Software and Multimedia
//
//Author:
// Olli Suihkonen
//
//Description:
// pfTestTimeout class and its input class, OVOPS++ -exercise.
//
//Copyright:
//      Copyright 1999 Helsinki University of Technology
//      ALL RIGHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
//
//Licence:
//
//
//History:

#ifndef __TESTTIMEOUTS_H__
#define __TESTTIMEOUTS_H__

class pfState;
class pfProtocol;

#include "pf/timer.h"
const string TestTimeoutstr = "testtimeout";
const int TestTimeoutvalue = 3000;

// pfTestTimeout is a message that is sent, when a timer expires. It must
// have a clone() method that returns a pfTimerMessage type pointer.

class pfTestTimeout : public pfTimerMessenger
{
    public:
        static pfTimerMessenger *create(void);
        virtual ~pfTestTimeout(void);
        virtual void apply(pfState *state_, pfProtocol *protocol_);
        virtual pfTimerMessenger *clone(void) const;

protected:
        pfTestTimeout(const pfTestTimeout &other_);
    private:
        pfTestTimeout(void);
};

class pfTestTimeoutInputs
{
    public:
        virtual void pfTestTimeoutAct(
            pfTestTimeout *timeout_,
            pfProtocol *protocol_)=0;
};

# endif // __TESTTIMEOUTS_H__



//Editor-Info: -*- C++ -*-
//
//Subject: SCOMS project / exercise
//
//File: testtimeouts.cpp
//
//Version: $Revision: 1.6 $
//
//State: $State: Exp $
//
//Date: $Date: 1999/03/31 12:17:16 $
//
//Organisation:
//      Helsinki University of Technology
//      Laboratory of Telecommunications Software and Multimedia
//
//Author:
//      Olli Suihkonen
//
//Description:
//      See the header file.
//
//Copyright:
//      Copyright 1999 Helsinki University of Technology
//      ALL RIGHTS RESERVED BETWEEN JANUARY 1998 AND JUNE 2001.
//
//Licence:
//
//
//History:

#include "testtimeouts.h"
#include "pf/state.h"
#include "pf/error.h"

//
// Class: pfTestTimeout
//

pfTimerMessenger *pfTestTimeout :: create(void)
{
    pfTestTimeout *messenger = new pfTestTimeout;
    return messenger;
}

pfTestTimeout :: pfTestTimeout(void)
    :pfTimerMessenger()
{
    return;
}

pfTestTimeout :: pfTestTimeout(const pfTestTimeout &other_)
    :pfTimerMessenger(other_)
{
    return;
}

pfTestTimeout :: ~pfTestTimeout()
{
    return;
}

pfTimerMessenger *pfTestTimeout :: clone(void) const
{
    pfTestTimeout *messenger = new pfTestTimeout(*this);
    return messenger;
}



void pfTestTimeout :: apply(pfState *state_, pfProtocol *protocol_)
{
    pfTestTimeoutInputs *input = dynamic_cast<pfTestTimeoutInputs*>(state_);
    THROW_IF_DYNAMIC_CAST_FAILED(input);
    input->pfTestTimeoutAct(this, protocol_);
    return;
}



# Makefile for OVOPS++ test module.

# STATICLIB is used to specify an archive target - that is, the module
# object files are combined into one file with unix ’ar’ program. This
# file is then easy to link into the binary in the top level makefile.
# You must write here a name for the archive file, for example libbisup.a.
STATICLIB =

# STATICBIN is used to specify a static binary target.
STATICBIN = static_test

# DYNBIN is used to specify a dynamically linked binary target.
DYNBIN = dynamic_test

### NOTE: STATICBIN MUST NOT BE SAME AS DYNBIN ###

# INSTALL is used in ’make install’.
INSTALL = install
INSTALLOPTS = -c -m 644

# INSTALLTARGET is directory where binaries are installed in ’make install’.
INSTALLTARGET = /tmp

# SUBDIRS is used to specify all directories (modules) which need
# to be compiled successfully to get all OWNMODULEFILES needed for
# linking to a binary file. Also used in deepclean and deepdep.
SUBDIRS =

# OWNSTATICLIBS specifies all library-files (*.a) in subdirs.
OWNSTATICLIBS =

# OWNDYNOBJS is used to specify all (dynamic) object files (*.o) in subdirs.
OWNDYNOBJS =

# OBJS must have all object files (*.o) of your module. It is necessary to
# define this and previous variables _before_ the next step
# (include Rules.Make), otherwise the makefiles WON’T WORK.
OBJS = testprimitives.o \

testconduits.o \
testtimeouts.o \
pftest.o

#
# Include a Rules file
#
include $(OPPSRC)/Rules.Make

install : static dynamic
$(INSTALL) $(INSTALLOPTS) $(STATICBIN) $(DYNBIN) $(INSTALLTARGET)

###
### NOTES:
###
### Uncomment for-lines below if you have SUBDIRS defined.
###
### If you get error messages from make, change variables in rule name
### (four variables in far left) to name you defined above. Or if
### they are undefined, comment them.
###

# Default ’static’ rule for modules. Both STATICBIN and STATICLIB are
# specified so that this same rule would work for both individual rules and
# top level executable. One or the other will be empty, but it doesn’t
# matter.
static : $(STATICBIN) $(STATICLIB)

# Default rule to make an archive target.
$(STATICLIB) : $(OBJS)



$(AR) $(AROPTIONS) $(STATICLIB) $(OBJS)
$(RANLIB) $(STATICLIB)

# @for i in $(SUBDIRS); do ( cd $$i && $(MAKE) static ); done

# Default rule to make own static binary.
$(STATICBIN) : $(OBJS) $(STATICLIB)
# @for i in $(SUBDIRS); do ( cd $$i && $(MAKE) static ); done

$(CC) $(CCFLAGS) $(INC_DIRS) -o $(STATICBIN) $(OBJS) $(OPP_LIBS)
$(OWNSTATICLIBS) $(ORBLIB) $(NAMELIB) $(EVENTLIB) $(PROPERTYLIB)

# Default ’dynamic’ rule for modules. Both DYNTARGET and DYNBIN are
# specified so that this same rule would work for both individual rules and
# top level executable. One or the other will be empty, but it doesn’t
# matter. Also OBJS is specified to avoid problems with possible
# subdirectories.
dynamic : $(DYNBIN) $(DYNLIB) $(OBJS)

# Default rule to make a dynamic library.
$(DYNLIB) : $(OBJS)

$(CC) -shared $(CCFLAGS) -o $(DYNLIB) $(OBJS)
# @for i in $(SUBDIRS); do ( cd $$i && $(MAKE) dynamic ); done

# Default rule to make own dynamically linked binaries.
$(DYNBIN) : $(OBJS)
# @for i in $(SUBDIRS); do ( cd $$i && $(MAKE) dynamic ); done

$(CC) $(CCFLAGS) $(INC_DIRS) -o $(DYNBIN) $(DYN_LIBS) $(OWNDYNOBJS)
$(OBJS)

# deepdep makes dependencies in current directory and all SUBDIRS.
deepdep : dep
# @for i in $(SUBDIRS); do ( cd $$i && $(MAKE) deepdep ); done

# deepclean cleans current directory and all SUBDIRS.
deepclean : clean
# @for i in $(SUBDIRS); do ( cd $$i && $(MAKE) deepclean ); done

# Dependencies are below. The line next to this is used by makedepend, so
# DO NOT DELETE


