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#.LV�=RUN�.DV�E++4�FR4G;FW+G�=LW.L4�D�OR4-�W+UP�FRODERUDWLR4�E+W=++4�

A4L<+UVLW?�RI�6ORU+4F+�D4G�7+4+UDO�5O+FWULF�#UD4VSRUWDWLR4�"?VW+PV���4R=�

SDUW�RI�19"#�: ���IRF;V+G�R4�VRIW=DU+�G+<+ORSP+4W�D4G�<+ULIFDWLR4�

W+F.4LT;+V�IRU�safety-critical railway signalling systems.��

84VLG+�W.+�4+OWD�SURM+FW��75#"�.DV�G+<+ORS+G�L4�W.+�S+ULRG�
�		�
�	)�LWV�

R=4��F+UWLIL+G �!+DO�#LP+��S+UDWL4-�"?VW+P�IRU�W.+�4+=�.DUG=DU+�SODWIRUP�

G+<+ORS+G�WR�V;SSRUW�I;W;U+�PRU+�G+PD4GL4-�DSSOLFDWLR4V��L4�RUG+U�4RW�WR�

G+S+4G�R4�+>W+U4DO�!#�"�SUR<LG+UV��



Keywords/
! "DI+W?�RI�!DLO=D?�"L-4DOOL4-�"?VW+PV
!  U+�!;4WLP+�"F.+G;OL4-
! 6RUPDO�PRG+OL4-
! 6RUPDO�<+ULILFDWLR4
!  +WUL�;+WV

Scope/
C+�U+SRUW�D4�DSSURDF.�DLP+G�DW�V;EVWLW;WL4-�SRVVLEO?�;4U+OLDEO+�D4G�FRVWO?�
+PSLULFDO�P+DV;U+V�=LW.�UL-RUR;V�D4DO?VLV�GR4+�E?�PRG+OL4-�D�IL>+G�
VF.+G;O+U�DO-RULW.P�=LW.� +WUL�;+WV�



• #.LV�VW;G?�=DV�ERU4�IURP�W.+�FROODERUDWLR4�=LW.�R;U�L4G;VWULDO�SDUW4+U��D�UDLO=D?�
VL-4DOL4-�PD4;IDFW;UL4-�FRPSD4?�

•  U+<LR;VO?�SURG;F+G�!DLO=D?�VL-4DOL4-�V?VW+PV�GLG�4RW�4++G�D�U+DO�WLP+�
RS+UDWL4-�"?VW+P/
" A�A�AW.+LU�RS+UDWLR4V�DU+�VLPSO?�V+T;+4F+G�L4�D�PDL4�ORRS�

• 844R<DWL4-�VL-4DOL4-�VRO;WLR4���S+UDWL4-�"?VW+P /
" �4+�PRG;ODU�BLWDO� ODWIRUP�
" "DP+�.DUG=DU+�GLII+U+4W�;V+�
" 84FU+DV+G�VDI+W?�D4G�V?VW+P�IO+>LELOLW?�
" ;++G�WR�L4WURG;F+�DA"F.+G;O+U�



Real-Time Systems (RTS):  FRPS;W+U�EDV+G�V?VW+PV�=.+U+�FRUU+FW�RS+UDWLR4�
GR+V�4RW�R4O?�G+S+4G�R4�W.+�FRUU+FW4+VV�RI�W.+�U+V;OWV�REWDL4+G��E;W�DOVR�R4�W.+�
WLP+�DW�=.LF.�W.+�U+V;OWV�DU+�SURG;F+G�

1�U+DO�WLP+�SURF+VV�LV�F.DUDFW+UL@+G�E?�D�IL>+G�WLP+�OLPLW��=.LF.�LV�FDOO+G�
G+DGOL4+��1�U+V;OW�SURG;F+G�DIW+U�LWV�G+DGOL4+�LV�4RW�R4O?�ODW+��E;W�FD4�E+�.DUPI;O�
WR�W.+�+4<LUR4P+4W�L4�=.LF.�W.+�V?VW+P�RS+UDW+V��

"DI+W?�FULWLFDO�V?VW+PV�RIW+4�U+T;LU+�Hard real-time policy:�
LI�SURG;FL4-�W.+�U+V;OWV�DIW+U�LWV�G+DGOL4+�PD?�FD;V+�FDWDVWURS.LF�FR4V+T;+4F+V�
R4�W.+�V?VW+P�;4G+U�FR4WURO�



Predictability:�

• 8V�W.+�DELOLW?�WR�G+W+UPL4+�L4�DG<D4F+�LI�W.+�FRPS;WDWLR4�=LOO�E+�FRPSO+W+G�
=LW.L4�W.+�WLP+�FR4VWUDL4WV�U+T;LU+G��

• 4+S+4GV�R4�V+<+UDO�IDFWRUV��UD4-L4-�IURP�W.+�DUF.LW+FW;UDO�F.DUDFW+ULVWLFV�RI�
W.+�S.?VLFDO�PDF.L4+��WR�W.+�P+F.D4LVPV�RI�W.+�FRU+��;S�WR�W.+�SUR-UDPPL4-�
OD4-;D-+��

• 3D4�E+�P+DV;U+G�DV�W.+�S+UF+4WD-+�RI�SURF+VV+V�IRU�=.LF.�W.+�FR4VWUDL4V�DU+�
-;DUD4W++G�

• #.+�G+<+ORS+G�!#�"�DOOR=V�ERW.�G?4DPLF�D4G�IL>+G�VF.+G;OL4-��E;W�
Predictable fixed scheduling is preferred in safety critical systems is 
preferred

What experience shown:
• 7;DUD4W++L4-�SU+GLFWDELOLW?�IRU�W.+�GLII+U+4W�F;VWRPL@DWLR4V�RI�W.+�SODWIRUP�

WDN+V�D�FR4VLG+UDEO+�SRUWLR4�RI�W.+�F;VWRPL@DWLR4�+IIRUW��LI�EDV+G�R4O?�R4�
W+VWL4-�+<+U?�WLP+�W.+�4+=O?�F;VWRPL@+G�VRIW=DU+�R4�W.+�SODWIRUP�



What has been done:

• #.+�SURF+VV�FD4�E+�D;WRPDW+G�E?�D�WRRO�
• 2;LOW�D�-+4+ULF�PRG+O�RI�W.+�VF.+G;OL4-�DO-RULW.PV�+PSOR?+G�L4�W.+�SODWIRUP�

W.DW�LV�-RL4-�WR�E+�L4VWD4WLDW+G�R4�W.+�W+PSRUDO�FR4VWUDL4WV�D4G�WDVNV�4;PE+UV�

RI�W.+�GLII+U+4W�VS+FLILF�DSSOLFDWLR4V�
• 7L<+4�D�WDVN�V+W�D4G�D�4;PE+U�RI�FR4VWUDL4WV��SURG;F+�D�I+DVLEO+�VF.+G;OL4-�
• 84�W.LV�=D?�=+�FD4�V;SSRUW�W.+�<DOLGDWLR4�RI�SU+GLFWDELOLW?�E?�P+D4V�RI�SURS+U�

PRG+O�VLP;ODWLR4�WRROV�



Pre-Runtime scheduling:
• 1OO�G+FLVLR4�DU+�WDN+4�E+IRU+�W.+�SURF+VV�DFWL<DWLR4�R4�W.+�EDVLV�RI�L4IRUPDWLR4�

N4R=4�D�SULRUL�
• #.+�VF.+G;O+�L4�VWRU+G�L4�D�WDEO+�L4VLG+�W.+�RS+UDWL4-�V?VW+P�
• 2+WW+U�SRVVLELOLW?�WR�G+PR4VWUDW+�SU+GLFWDELOLW?�WR�D4�DVV+VVRU��

CENELEC  EN50128:
• 7+4+ULF�DSSOLFDWLR4/�VRIW=DU+�=.LF.�FD4�E+�;V+G�IRU�D�<DUL+W?�RI�L4VWDOODWLR4V�

S;U+O?�E?�W.+�SUR<LVLR4�RI�DSSOLFDWLR4�VS+FLILF�GDWD�D4G�RU�DO-RULW.P
• "S+FLILF�DSSOLFDWLR4/�G+IL4+G�DV�D�-+4+ULF�DSSOLFDWLR4�SO;V�FR4IL-;UDWLR4�GDWD��RU�

SO;V�VS+FLILF�DO-RULW.PV��W.DW�L4VWD4WLDW+�W.+�-+4+ULF�DSSOLFDWLR4�IRU�D�VS+FLILF�
S;USRV+�

"  ODWIRUP�LV�D�SDUW�RI�D�-+4+ULF�DSSOLFDWLR4�D4G�.+4F+�LW�LV�<DOLGDW+G�R4F+�IRU�DOO�
" 6RU�+DF.�VS+FLILF�DSSOLFDWLR4�W.+�VDWLVIDFWLR4�RI�U+DO�WLP+�FR4VWUDL4WV�P;VW�E+�

<+ULIL+G�IURP�VFUDWF.�
" 5<+U?GD?�=RUN�LW�LV�4+F+VVDU?�WR�U+<LV+�W.+�VF.+G;O+�RI�VRP+�V?W+PV�



#.+�+VWLPDW+G�+IIRUW�U+T;LU+G�IRU�W.+�DGRSW+G�+PSLULF�LG+4WLILFDWLR4�D4G�W+VWL4-�RI�
D�4+=�FR4IL-;UDWLR4�RI�VF.+G;OL4-�FD4�E+�V;PPDUL@+G�=LW.�W.+�IROOR=L4-��
SDUDP+W+UV/

• Offline Identification time:�WLP+�4++G+G�L4�RUG+U�WR�G+VL-4�W.+�4+=�VF.+G;O+��
LW�LV�;V;DOO?�DER;W�(��PL4;W+V�

• Flashing time:�W.+�WLP+�4++G+G�WR�ORDG�W.+�VF.+G;OL4-�R4�W.+�WDU-+W��	�
PL4;W+V�

• Startup time: VWDUW�;S�WLP+�RI�W.+�SODWIRUP��	��PL4;W+V�
• Running time:�WLP+�G;UL4-�=.LF.�W.+�V?VW+P�P;VW�U;4�=LW.R;W�+>.LELWL4-�

WLPL4-�SUREO+PV��(��PL4;W+V���	�.R;U�
• Attempts:�D<+UD-+�4;PE+U�RI�DWW+PSWV�WR�-+W�W.+�VF.+G;OL4-��(�



• #.+�=.RO+�SURF+VV�+DVLO?�U+DF.+V�-�.R;UV��=.LF.�P+D4V�D4�+4WLU+�

=RUNL4-�GD?��
• #.LV�SURF+VV�FD4�E+�D;WRPDW+G�E?�D�WRRO��#.LV�=R;OG�P+D4�D�.;-+�

VD<L4-�L4�W+UPV�RI�PD4�.R;UV�;V+G�WR�U+IL4+�W.+�VF.+G;OL4-��
• 14�+PSLULFDO�+<DO;DWLR4�RI�VF.+G;ODELOLW?�RI�D�-L<+4�GDWDV+W�GR+V�4RW�

-;DUD4W++�W.DW�W.+�G+DGOL4+V�DU+�P+W�L4�D4?�FDV+�
• AVL4-�D�UL-RUR;V�DSSURDF.�WR�W.+�D4DO?VLV�RI�W.+�VF.+G;ODELOLW?�=LOO�

LPSUR<+�.+4F+�W.+�FR4IRUPD4F+��RI�D�VS+FLILF�DSSOLFDWLR4��WR�VDI+W?�

-;LG+OL4+V�



 



481953#"�A"54/
• Timed Petri Net:�LV�D� ;�+>W+4G+G�=LW.�WLP+��#.+�PRG+O�DU+�-+4+UDW+G�

=LW.�W.+�WRRO�TINA�
• Coloured Petri Net:�+>W+4VLR4�RI�D� ;�W.UR;-.�=.LF.�LW�LV�SRVVLEO+�WR�;V+�

GDWD�W?S+V�D4G�FRPSO+>�GDWD�PD4LS;ODWLR4��#.+�PRG+O�DU+�-+4+UDW+G�=LW.�

W.+�WRRO�CPN tools 4.0�

• 4;+�WR�W.+�OLPLW+G�WLP+�D<DLODEO+�WR�FR4G;FW�W.+�+>S+ULP+4WV��L4�RUG+U�WR�VDWLVI?�
VWUL4-+4W�W+PSRUDO�U+T;LU+P+4WV�IURP�R;U�L4G;VWULDO�SDUW4+U��=+�.D<+�F.RV+4�
4RW�WR�L4<+VWL-DW+�RW.+U�W+PSRUDO�PRG+OL4-�IRUPDOLVP�



84�W.+�IROOR=L4-�=+�;V+�DV�D�U;44L4-�+>DPSO+�W.+�FDV+�RI�D�U+DO�VL-4DOL4-�
DSSOLFDWLR4��D4�L4W+UORFNL4-�V?VW+P�

INTERLOCKING  SYSTEM:
• 8V�D�VDI+W?�FULWLFDO�V?VW+P�W.DW�FR4WUROV�W.+�PR<+P+4W�RI�WUDL4V�L4�D�VWDWLR4�

D4G�E+W=++4�DGMDF+4W�VWDWLR4V�

• :R4LWRUV�W.+�VWDW;V�RI�W.+�REM+FW�L4�W.+�UDLO=D?�?DUG�D4G�DOOR=V�RU�G+4L+V�W.+�
UR;WL4-�RI�WUDL4V�L4�DFFRUGD4F+�=LW.�W.+�UDLO=D?�VDI+W?�D4G�RS+UDWLR4DO�
U+-;ODWLR4V�

• #.LV�U;O+V�DU+�VWRU+G�L4�D�SDUW�RI�W.+�V?VW+P�4DP+G�FR4WURO�WDEO+�W.DW�LV�
VS+FLILF�IRU�W.+�VWDWLR4�=.+U+�W.+�V?VW+P�U+VLG+V�





System’s tasks:
• #	�LV�L4�F.DU-+�RI�RS+UDWL4-�R4�W.+�5W.+U4+W�F.D44+O0
• �#
�LV�R4+�RI�W.+�PRVW�LPSRUWD4W�W.U+DGV�D4G�LW�LV�L4�F.DU-+�RI�W.+�VDI+W?�RI�W.+�

V?VW+P0
• �#(�LPSO+P+4WV�D�SURWRFRO�VWDFN�IRU�W.+�U+F+LSW�D4G�WUD4VPLVVLR4�RI�P+VVD-+V0
• �#)�LV�L4�F.DU-+�RI�FRS?L4-�W.+�<DO;+�U+F+L<+G�L4�W.+�L4S;W�RI�W.+�2;VL4+VV�

9R-LF�D4G�SU+SDUL4-�W.+�R;WS;W�IRU�W.+�WUDVPLVVLR4�
• �#�LV�W.+�DSSOLFDWLR4�W.U+DG�W.DW�FR4WDL4V�W.+�OR-LF�RI�W.+�V?VW+P�
• �#��LV�D�GLD-4RVWLF�W.U+DG0
• �#,�LV�D�A"2�GUL<+U�;V+G�IRU�OR--L4-�GDWD�L4�D�N+?�



Taskset  constrains:

• #.+�WRWDO�WLP+�RI�VF.+G;OL4-�F?FO+�LV�
���PLOOLV+FR4GV�
• 5DF.�+SRF.�4++GV�WR�ODVW�+>DFWO?�	���PLOOLV+FR4GV�
• #.+�ILUVW�+>+F;WLR4�RI�#(�L4�W.+�ILUVW�D4G�V+FR4G�+SRF.�P;VW�W+UPL4DW+�=LW.L4�

.�PLOOLV+FR4GV�
• #.+�V+FR4G�+>+F;WLR4�RI�#(�L4�W.+�ILUVW�D4G�V+FR4G�+SRF.�P;VW�W+UPL4DW+�

=LW.L4�.�PLOOLV+FR4GV�
• #.+�V+FR4G�+>+F;WLR4�RI�#(�L4�W.+�ILUVW�D4G�V+FR4G�+SRF.�P;VW�+>+F;W+�DW�

O+DVW���PLOOLV+FR4GV�DIW+U�W.+�ILUVW�R4+�
• #)�L4�W.+�ILUVW�+SRF.�P;VW�W+UPL4DW+�=LW.L4�.��PLOOLV+FR4GV�D4G�L4�W.+�V+FR4G�

+SRF.�L4�	)��PLOOLV+FR4GV�
• #.+�V;P�RI�WLP+V�IRU�#�P;VW�E+�RI�DW�O+DVW�.��PLOOLV+FR4GV�















TPN modelling cons

• #.+�PRG+O�LV�GLIILF;OW�WR�U+DG��DGGLWLR4�RI�I;UW.+U�WDVNV�=R;OG�U+V;OW�L4�D�.;-+�
L4FU+DV+�RI�W.+�4+W ��

• 6RU�+DF.�W.U+DG�LW�LV�4+F+VVDU?�WR�PRG+O�D�FR4VWUDL4W�W.UR;-.�SODF+V�D4G�
WUD4VLWLR4V�

• 8W�LV�4RW�SRVVLEO+�WR�+>SU+VV�D4�DWWULE;W+�W.DW�GLII+U+4WLDW+V�W.+�LG+4WLW?�RI�D�
WRN+4�

• 8W�LV�4RW�SRVVLEO+�WR�FU+DW+�D--U+-DW+�REM+FWV/�D�686��T;+;+��IRU�+>DPSO+��FD4�
E+�U+DOL@+G�R4O?�W.UR;-.�F.+FNV�E?�L4.LELWRUV�DUFV�=LW.�D�4;PE+U�RI�SODF+V�
W.DW�G+S+4GV�R4�.R=�PD4?�W.U+DGV�V.R;OG�E+�PRG+O+G�

TPN modelling pros

• 3R4WURO�RI�WLP+�G;UL4-�VLP;ODWLR4�DOOR=V�WR�+DVLO?�;4G+UVWD4G�W.+�-OREDO�VWDW+�
RI�W.+�V?VW+P��#.+�WLP+�LV�L4FU+DV+G�DW�D4?�WLP+�E?�D�WLP+�;4LW�



CPN modelling pros

• #.+�WLP+�FR4VWUDL4WV�FD4�E+�-UR;S+G�L4�D;>LOLDU?�I;4FWLR4V��W.;V�VLPSOLI?L4-�VL@+�
D4G�U+DGDELOLW?�RI�W.+�PRG+O�

• 3D4�U+SU+V+4W�D�T;+;+�;VL4-�D�VL4-O+�SODF+�W.DW�FR4WDL4V�D�WRN+4�RI�W?S+�OLVW��
• 3D4�U+SU+V+4W�D�ODU-+�4;PE+U�RI�WDVNV�E?�VLPSO?�DGGL4-�WRN+4V�WR�W.+�L4LWLDO�

PDUNL4-��O+D<L4-�W.+�VWU;FW;U+�RI�W.+�PRG+O�;4DII+FW+G�

CPN modelling cons

• 8I�W.+U+�DU+�4R�WUD4VLWLR4V�+4DEO+G�DW�W.+�F;UU+4W�WLP+��W.+�VLP;ODW+G�WLP+�FR;4W�
LV�L4FU+DV+G�L4�R4+�VW+S�;S�WR�W.+�WLP+�DW�=.LF.�DW�O+DVW�R4+�WUD4VLWLR4�LV�
DFWL<DW+G�



• C+�.D<+�DSSOL+G�W.+�W=R�PRG+OOL4-�RSWLR4V�WR�GLII+U+4W�VF.+G;OL4-�DO-RULW.PV�
D4G�GLII+U+4W�V+WV�RI�WDVN�DV�=+OO�

• 3 ;V�.D<+�.R=+<+U�U+V;OW+G�WR�E+�PRU+�DG<D4WD-+R;V�L4�W+UPV�RI�WLP+�
VS+4W�L4�PRG+O�G+VL-4�RU�L4�F.D4-+V��PDL4O?�IRU�W=R�U+DVR4V/

• FR4VWUDL4WV�FD4�E+�VLPSO?�PRG+O+G�E?�D�-;DUG�R4�W.+�WUD4VLWLR4��
+>SU+VV+G�E?�D�I;4FWLR4�=ULWW+4�L4�SV+;GR�FRG+��=.LF.�LV�+DVL+U�WR�
+>SU+VV0

• WR�SRS;ODW+�W.+�PRG+O�=LW.�4+=�WDVNV�LW�LV�4RW�4+F+VVDU?�WR�GUD=�4+=�
-UDS.LF�+O+P+4WV�E;W�M;VW�DGG�D4�+4WU?�WR�W.+�U+ODW+G�SODF+0

• C+�.D<+�+>S+UL+4F+G�W.DW�W.+�WLP+�VS+4W�L4�3 ;�PRG+OL4-�LV�DW�W.+�+4G�PRU+�
W.D4�.DOI�W.DW�VS+4W�L4�# ;�PRG+OL4-�

• �4O?�W.+��WDVNV+W�GDWD�4++G�WR�E+�F.D4-+G�IRU�D�4+=��RU�PRGLIL+G��VS+FLILF�
DSSOLFDWLR4/�W.+�R<+UDOO�WLP+�WR�D4DO?V+�D�4+=�WDVNV+W��V;PPL4-�;S�W.+�WLP+�WR�
SURG;F+�D�PRG+O�RI�W.+�VF.+G;O+�RI�D�4+=�VS+FLILF�DSSOLFDWLR4��WR�U;4�D�
VLP;ODWLR4�D4G�WR�D4DO?V+�W.+�VLP;ODWLR4��LV�DER;W two hours (TPN �RU one 
hour (CPN)�FRPSDU+G�=LW. eight hours�4++G+G�E?�W.+�SU+<LR;VO?�;V+G�
+PSLULFDO�DSSURDF.�



• 5<+4�LI�VRP+�U+=RUN�LV�4++G+G�G;+�WR�D�4+-DWL<+�U+VSR4V+��W.+�L4IRUPDWLR4�

U+W;U4+G�E?�W.+�VLP;ODWLR4�.+OSV�;4G+UVWD4GL4-�=.+U+�W.+�SUREO+P�OL+V�
• #.+�OR=�FRVW�RI�W.+�VLP;ODWLR4�EDV+G�VRO;WLR4�.DV�D4�RE<LR;V�SRVLWL<+�LPSDFW�

R4�W.+�FRVWV�RI�W.+�SURF+VV�RI�L4VWD4WLDWL4-�D�-+4+ULF�DSSOLFDWLR4�WR�D�4+=�

VS+FLILF�DSSOLFDWLR4�
• ;+>W�VW+S/��D;WRPDWL4-�W.+�PRG+OOL4-�IURP�W.+�WDVNV+W�GDWD
• 1SSURDF.�U+DG?�WR�;V+�L4�W.+�FRPSD4?

• �;RW�FO+DU�I;W;U+�IRU�W.LV�DFWL<LW? 


