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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
INDUSTRIAL COMMUNICATION  NETWORKS – FIELDBUS 

SPECIFICATIONS AND PROFILES – ADS-NET  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  nati onal  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

A PAS is  a  techn ical  speci fication  not fu l fi l l i ng  the  requ i rements  for a  s tandard ,  bu t made  
avai l ab le  to  the  publ ic.  

I EC PAS 62953  has  been  processed  by subcommittee  65C:  I ndustria l  networks,  of I EC  
techn ical  comm ittee  65:  I ndustria l -process  measurement,  control  and  au tomation .  

The  text  of th i s  PAS  i s  based  on  the  
fol l owing  document:  

Th i s  PAS  was  approved  for 
publ i cation  by the  P-members  of the  
comm i ttee  concerned  as  i nd icated  i n  

the  fol l owi ng  document 

Draft PAS  Report on  voting  

65C/787/PAS  65C/799/RVD  

 
Fol lowing  publ ication  of th is  PAS,  wh ich  i s  a  pre-standard  publ ication ,  the  techn ical  comm ittee  
or subcommittee  concerned  may transform  i t  i n to  an  I n ternational  Standard .  

Th is  PAS shal l  remain  val i d  for an  i n i ti a l  maximum  period  of 3  years  starti ng  from  the  
publ ication  date.  The  val i d i ty may be  extended  for a  s ing le  period  up  to  a  maximum  of 
3  years,  a t the  end  of wh ich  i t  shal l  be  publ ished  as  another type  of normative  document,  or 
sha l l  be  wi thdrawn .  
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INTRODUCTION  

This  PAS con tains  the  ADS-net fi e ldbus  speci fications  and  profi l es  (Commun ication  profi le  CP 
20/1  ADS-net/μΣNETWORK-1 000,  CP 20/2  ADS-net/NX)  for i ncl usion  i n  the  I EC 61 1 58  series  
as  wel l  as  I EC 61 784-2 .  

The  i n tention  is  to  make th is  techn ica l  con ten t avai l able  immed iate l y,  wh i l e  a  correspond ing  
new work i tem  proposal  (NP)  has  been  l aunched .  I f the  NP i s  accepted ,  th is  con ten ts  wi l l  be  
i ncluded  i n  the  next ed i ti ons  of the  I EC 61 1 58  series  and  of I EC  61 784-2.  

Th is  PAS con tains  the  re levant ADS-net (Type  25)  e lemen ts  for the  DL and  AL services  and  
protocols  and  i n formation  wi th  references  to:  

– I EC  61 1 58-1 : 201 4  

– I EC  61 1 58-2: 201 4  

– I EC  61 784-2: 201 4  

The  presen t I EC PAS i s  structured  i n  the  same way as  the  I EC 61 1 58  series  and  I EC  
61 784-2 :  

– I EC  PAS  62953-3-25  is  i n tended  to  become a  fu ture  I EC  61 1 58-3-25;  

– I EC  PAS  62953-4-25  is  i n tended  to  become a  fu ture  I EC  61 1 58-4-25;  

– I EC  PAS  62953-5-25  i s  i n tended  to  become a  fu ture  I EC  61 1 58-5-25;  

– I EC  PAS  62953-6-25  i s  i n tended  to  become a  fu ture  I EC  61 1 58-6-25;  

– I EC  PAS  62953-2  i s  in tended  to  be  merged  i n to  a  revised  vers ion  of I EC 61 784-2 :201 4.  

Copyright International  Electrotechnical  Commission  
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IN DU STRI AL COM M U N I CATION  N ETWORKS – 
FIELDBU S SPECIFI CATION S – 

 
Part 3-25:  Data-l i nk layer service  defini tion  – 

Type 25 elements  
 
 
 

1  Scope 

1 . 1  G en eral  

This  part of I EC PAS  62953  provides  common  elemen ts  for basic time-cri tica l  messag ing  
communications  between  devices  in  an  au tomation  environment.  The  term  “time-cri tica l ”  i s  
used  to  represen t the  presence  of a  t ime-window,  wi th in  wh ich  one  or more  speci fied  actions  
are  requ i red  to  be  completed  wi th  some defined  l evel  of certa in ty.  Fai l u re  to  complete  
speci fied  actions  wi th in  the  time window risks  fai l u re  of the  appl ications  requesting  the  
actions,  wi th  attendant ri sk to  equ ipment,  p l an t and  possib l y human  l i fe.  

Th is  standard  defines  i n  an  abstract way the  external l y vis ib le  service  provided  by the  Type 
25  fie ldbus  data- l ink layer i n  terms  of 

a)  the  prim i ti ve  actions  and  even ts  of the  service;  

b)  the  parameters  associated  wi th  each  prim i ti ve  action  and  event,  and  the  form  wh ich  they 
take;  and  

c)  the  i n terrelationsh ip  between  these  actions  and  even ts,  and  thei r va l i d  sequences.  

The  purpose  of th is  s tandard  is  to  defi ne  the  services  provided  to  

•  the  Type 25  fi e ldbus  appl ication  layer at the  boundary between  the  appl ication  and  data-
l ink layers  of the  fi e ldbus  reference model ;  

•  systems  management at the  boundary between  the  data- l i nk layer and  systems 
management of the  fie l dbus  reference  model .  

1 . 2  Specification s  

The pri ncipal  objecti ve  of th is  s tandard  is  to  speci fy the  characteristics  of conceptual  data- l i nk 
l ayer services  su i table  for time-cri tical  commun ications,  and  thus  supplement the  OSI  Bas ic 
Reference  Model  i n  gu id ing  the  development of data- l i nk protocols  for time-cri tical  
communications.  A secondary objecti ve  i s  to  provide  m igration  paths  from  previousl y-existi ng  
i ndustria l  commun ications  protocols.  

Th is  speci fication  may be  used  as  the  bas is  for formal  DL-Programming-I n terfaces.  
Nevertheless,  i t  i s  not a  formal  programming  in terface,  and  any such  i n terface  wi l l  need  to  
address  implementation  i ssues  not covered  by th i s  speci fication ,  i nclud ing  

a)  the  s i zes  and  octet ordering  of various  mu l ti -octet  service  parameters,  and  

b)  the  correlation  of pai red  request and  confi rm ,  or i nd ication  and  response,  prim i ti ves.  

1 . 3  Con forman ce  

Th is  standard  does  not speci fy i nd ividual  implementations  or products,  nor does  i t  constrain  
the  implementations  of data- l ink en ti ti es  wi th in  i ndustria l  au tomation  systems.  

There  i s  no  conformance of equ ipment to  th is  data- l i nk layer service  defin i ti on  standard .  
I nstead ,  conformance  is  ach ieved  through  implementation  of the  correspond ing  data- l i nk 
protocol  that fu l fi l l s  the  Type  25  data- l i nk l ayer services  defined  i n  th is  standard .  

Copyright International  Electrotechnical  Commission  



 – 1 0  – I EC PAS  62953-3-25  © I EC  201 5  

2  N ormati ve referen ces  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC PAS  62953-4-25,  Industrial communication  networks – Fieldbus specifications – Part 4-
25: Data-link layer protocol specification – Type 25 elements 

I EC PAS  62953-5-25,  Industrial communication networks – Fieldbus specifications – Part 5-
25: Application layer service definition – Type 25 elements 

I EC PAS  62953-6-25,  Industrial communication networks – Fieldbus specifications – Part 6-
25: Application layer protocol specification – Type 25 elements 

I SO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition  of OSI services 

I SO/IEC 7498-1 ,  Information technology – Open Systems Interconnection  – Basic Reference 
Model:  The Basic Model 

I SO/IEC 7498-3,  Information technology – Open Systems Interconnection – Basic Reference 
Model:  Naming and addressing 

I SO/IEC 8802-3: 2000,  Information technology – Telecommunications and information  
exchange between systems – Local and metropolitan area networks – Specific requirements – 
Part 3:  Carrier sense multiple  access with collision detection (CSMA/CD)  access method and 
Physical Layer specifications 

I SO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition  of OSI services 

3 Terms,  defi n i ti on s,  symbol s  and  abbrevi ati ons  

For the  purposes  of th is  document,  the  fo l lowing  terms,  defi n i ti ons,  symbols ,  abbreviations  
and  conventions  appl y.  
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3. 1  Referen ce  mod el  term s an d  d efi n i ti on s  

Th is  s tandard  is  based  i n  part  on  the  concepts  developed  i n  I SO/IEC 7498-1  and  
ISO/IEC 7498-3,  and  makes  use  of the  fol lowing  terms  defined  therein :  

3. 1 . 1  DL-add ress  [ISO/I EC  7498-3]  

3. 1 . 2  DL-add ress-m appi n g   [ISO/I EC  7498-1 ]  

3. 1 . 3  cal l ed -DL-ad d ress   [ISO/I EC  7498-3]  

3. 1 . 4  cal l i n g-DL-add ress   [ISO/I EC  7498-3]  

3. 1 . 5  cen tral ized  mu l ti -en d -poi n t-con n ecti on   [ISO/I EC  7498-1 ]  

3. 1 . 6  DL-con n ection   [ISO/I EC  7498-1 ]  

3. 1 . 7  DL-con n ecti on -en d-poi n t  [ISO/I EC  7498-1 ]  

3. 1 . 8  DL-con n ection -en d-poi n t-id en ti fi er  [ISO/I EC  7498-1 ]  

3. 1 . 9  DL-con n ection -mode  tran sm i ssi on   [ISO/I EC  7498-1 ]  

3. 1 . 1 0  DL-con n ection l ess-mod e tran sm issi on   [ISO/I EC  7498-1 ]  

3. 1 . 1 1  correspon den t (N )-en ti ti es   [ISO/I EC  7498-1 ]  

correspondent DL-en ti ties  (N=2)  

correspondent Ph-enti ti es  (N=1 )  

3. 1 . 1 2  DL-d u pl ex-tran sm i ssion   [ISO/I EC  7498-1 ]  

3. 1 . 1 3  (N )-en ti ty  [ISO/I EC  7498-1 ]  

DL-enti ty (N=2)  

Ph-en ti ty (N=1 )  

3. 1 . 1 4  DL-faci l i ty  [ ISO/I EC  7498-1 ]  

3. 1 . 1 5  fl ow con trol   [ ISO/I EC  7498-1 ]  

3. 1 . 1 6  (N )-l ayer  [ISO/I EC  7498-1 ]  

DL-layer (N=2)  

Ph- layer (N=1 )  
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3. 1 . 1 7  l ayer-m an agemen t  [ISO/I EC  7498-1 ]  

3. 1 . 1 8  DL-l ocal -view  [ISO/I EC  7498-3]  

3. 1 . 1 9  DL-n am e  [ISO/I EC  7498-3]  

3. 1 . 20  n am in g -(ad dressin g )-d omain   [ISO/I EC  7498-3]  

3. 1 . 21  peer-en ti ties   [ISO/I EC  7498-1 ]  

3. 1 . 22  pri mi tive  n am e  [ISO/I EC  7498-3]  

3. 1 . 23  DL-protocol   [ISO/I EC  7498-1 ]  

3. 1 . 24  DL-protocol-con n ection -iden ti fi er  [ISO/I EC  7498-1 ]  

3. 1 . 25  DL-protocol-d ata-u n i t   [ISO/I EC  7498-1 ]  

3. 1 . 26  DL-rel ay  [ISO/I EC  7498-1 ]  

3. 1 . 27  reset  [ISO/I EC  7498-1 ]  

3. 1 . 28  respon d in g -DL-add ress   [ISO/I EC  7498-3]  

3. 1 . 29  rou ti n g   [ISO/I EC  7498-1 ]  

3. 1 . 30  segm en ti n g   [ISO/I EC  7498-1 ]  

3. 1 . 31  (N )-servi ce  [ISO/I EC  7498-1 ]  

DL-service  (N=2)  
Ph-service  (N=1 )  

3. 1 . 32  (N )-servi ce-access-poin t  [ISO/I EC  7498-1 ]  

DL-service-access-poin t (N=2)  
Ph-service-access-poin t (N=1 )  

3. 1 . 33  DL-servi ce-access-poi n t-ad d ress   [ISO/I EC  7498-3]  

3. 1 . 34 DL-servi ce-con n ecti on -iden ti fi er  [ISO/I EC  7498-1 ]  

3. 1 . 35  DL-servi ce-d ata-u n i t   [ISO/I EC  7498-1 ]  

3. 1 . 36  DL-si m pl ex-tran smi ssion  [ISO/I EC  7498-1 ]  

3. 1 . 37  DL-su bsystem   [ISO/I EC  7498-1 ]  

3. 1 . 38  system s-m an ag em en t   [ISO/I EC  7498-1 ]  

3. 1 . 39  DLS-u ser-d ata  [ISO/I EC  7498-1 ]  

3. 2  Servi ce con ven tion  terms  an d  d efin i tion s  

This  standard  a lso  makes  use  of the  fol lowing  terms  defined  i n  I SO/I EC 1 0731  as  they appl y 
to  the  data-l i nk l ayer:  

3. 2. 1  acceptor 

3. 2. 2  asym m etri cal  servi ce  

3. 2. 3  con fi rm  (prim itive) ;  

requestor. de l i ver (prim i tive)  
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3. 2. 4  del iver (pri miti ve)  

3. 2. 5  DL-con fi rmed-faci l i ty 

3. 2. 6  DL-faci l i ty  

3. 2. 7  DL-l ocal -view 

3. 2. 8  DL-m an d atory-faci l i ty  

3. 2. 9  DL-n on -con fi rmed-faci l i ty 

3. 2. 1 0  DL-provi d er-in i ti ated -faci l i ty  

3. 2. 1 1  DL-provi d er-option al -faci l i ty  

3. 2. 1 2  DL-servi ce-pri miti ve;  

prim i ti ve  

3. 2. 1 3  DL-servi ce-provid er 

3. 2. 1 4  DL-servi ce-u ser 

3. 2. 1 5  DLS-u ser-opti on al-faci l i ty 

3. 2. 1 6  in d i cati on  (prim i tive) ;  

acceptor. del iver (prim i ti ve)  

3. 2. 1 7  mu l ti -peer 

3. 2. 1 8  req u est  (pri mitive) ;  

requestor. subm it  (prim i ti ve)  

3. 2. 1 9  req u estor 

3. 2. 20  respon se  (pri mi ti ve) ;  

acceptor. subm i t  (prim i ti ve)  

3. 2. 21  su bmit  (pri mitive)  

3. 2. 22  sym m etri cal  servi ce  

3. 3  Term s an d  d efi n i ti on s  

3. 3. 1   
blocki n g  

port s tate  at  wh ich  the  port does  not participate  i n  frame commun ication  

3. 3. 2   
cl ass  
i denti fier that  des ignates  the  commun ication  range  of the  RCL frames  and  the  other frames  

3. 3. 3   
con trol  commu n i cati on  

acycl ic  data  communication  for h i gh  time-cri tical  appl ications  

3. 3. 4   
cycl i c commu n i cation  

period ic data  communication  for rea l - time commun ication  

3. 3. 5   
DLCEP-add ress  

DL-address  wh ich  des ignates  e i ther 
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a)  one  peer DL-connection-end-poin t,  or  

b)  one  mu l ti -peer publ isher DL-connection-end-poin t and  impl ici tl y the  correspond ing  set of 
subscriber DL-connection-end-poin ts  where  each  DL-connection-end-poin t  exists  wi th in  a  
d istinct  DLSAP and  is  associated  wi th  a  correspond ing  d isti nct DLSAP-address  

3. 3. 6   
DL-seg m en t,  l i n k,  local  l in k 
sing le  DL-subnetwork in  wh ich  any of the  connected  DLEs  may commun icate  d i rectl y,  wi thou t 
any in terven ing  DL-relayi ng ,  whenever a l l  of those  DLEs  that are  participati ng  i n  an  i nstance  
of communication  are  s imu l taneousl y atten ti ve  to  the  DL-subnetwork during  the  period (s)  of 
attempted  commun ication  

3. 3. 7   
DLSAP  
d isti ncti ve  poin t at wh ich  DL-services  are  provided  by a  s i ng le  DL-enti ty to  a  s ing le  h igher-
layer en ti ty 

Note  1  to  en try:  Th i s  d efi n i ti on ,  deri ved  from  I SO/IEC 7498-1 ,  i s  repeated  here  to  faci l i tate  understand i ng  of the  
cri ti cal  d i sti nction  between  DLSAPs  and  thei r DL-addresses.  

 

NOTE  1  DLSAPs  and  PhSAPs  are  depicted  as  oval s  spann i ng  the  boundary between  two ad jacent l ayers.  

NOTE  2  DL-add resses  are  depicted  as  designati ng  smal l  gaps  (poi n ts  of access)  i n  the  DLL porti on  of a  DLSAP.  

NOTE  3  A s i ng l e  DL-enti ty may have  mu l ti pl e  DLSAP-addresses  and  g roup  DL-add resses  associated  wi th  a  
s i ng le  DLSAP.  

Fig u re 1  – Rel ati on sh i ps  of DLSAPs,  DLSAP-addresses  an d  g rou p  DL-ad d resses   

3. 3. 8   
DL(SAP)-ad dress  
ei ther an  i nd ividual  DLSAP-address,  des ignating  a  s ing le  DLSAP of a  s ing le  DLS-user,  or a  
group DL-address  poten tia l l y des ignating  mu l ti ple  DLSAPs,  each  of a  s i ng le  DLS-user 

Note  1  to  en try:  Th i s  term inol ogy i s  chosen  because  I SO/IEC 7498-3  does  not  perm i t  the  use  of the  term  DLSAP-
address  to  des i gnate  more  than  a  s i ng l e  DLSAP  at  a  s i ng le  DLS-user.  
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3. 3. 9   
( i n d i vid u al )  DLS AP-ad d ress  
DL-address  that des ignates  on l y one  DLSAP wi th in  the  extended  l i nk  

Note  1  to  en try:  A s i ng le  DL-enti ty may have  mu l ti pl e  DLSAP-addresses  associated  wi th  a  s i ng l e  DLSAP.  

3. 3. 1 0   
exten ded  l i n k 
DL-subnetwork,  consisting  of the  maximal  set of l i nks  in terconnected  by DL-relays,  sharing  a  
s i ng le  DL-name (DL-address)  space,  i n  wh ich  any of the  connected  DL-en ti ties  may 
communicate,  one  wi th  another,  e i ther d i rectl y or wi th  the  ass istance  of one  or more  of those  
i n terven ing  DL-re lay en ti ties  

3. 3. 1 1   
fram e  

den igrated  synonym  for DLPDU  

3. 3. 1 2   
grou p DL-add ress  

DL-address  that potentia l l y des ignates  more  than  one  DLSAP wi th in  the  extended  l i nk  

Note  1  to  en try:  A s i ng le  DL-enti ty may have  mu l ti p l e  g roup  DL-add resses  associated  wi th  a  s i ng l e  DLSAP.  A 
s i ng le  DL-en ti ty a l so  may have  a  s i ng le  g roup  DL-address  associated  wi th  more  than  one  DLSAP.  

3. 3. 1 3   
in form ati on  comm u n i cation   
acycl ic  data  communication  for l ow time-cri tica l  appl ications  

3. 3. 1 4   
n ode  

sing le  DL-enti ty as  i t  appears  on  one  l ocal  l ink  

3. 3. 1 5   
recei vi n g  DLS-u ser 
DL-service  user that acts  as  a  recipien t of DLS-user-data  

Note  1  to  en try:  A DL-service  user can  be  concu rrentl y both  a  send i ng  and  recei ving  DLS-user 

3. 3. 1 6   
ri n g  con trol  (RCL)  com mu n i cati on  
non-real -time communication  for con trol  and  reconfiguration  in  type  25  DLL network us ing  
RCL frames  

3. 3. 1 7   
sen di n g  DLS-u ser 

DL-service  user that acts  as  a  source  of DLS-user-data  

3. 3. 1 8   
station  

node  

3. 3. 1 9   
station  add ress  

i denti fier address  that  designates  the  node  of type  25  network  
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3. 4  Symbol s  an d  abbreviati on s  

NOTE  Many symbols  and  abbrevi ations  are  common  to  more  than  one  protocol  Type;  they are  not  necessari l y 
used  by a l l  protocol  Types.  

DL-  Data- l i nk l ayer (as  a  prefix)  

DLC   DL-connection  

DLCEP  DL-connection-end-poin t  

DLE  DL-enti ty ( the  l ocal  active  i nstance  of the  data- l i nk layer)  

DLL  DL-layer 

DLM   DL-management  

DLM E  DL-management En ti ty (the  local  acti ve  i nstance  of DL-management)  

DLM S  DL-management service  

DLPCI   DL-protocol -control - in formation  

DLPDU   DL-protocol -data-un i t  

DLS  DL-service  

DLS AP  DL-service-access-poin t  

DLSDU   DL-service-data-un i t  

EG A Edge-A node  

EG B  Edge-B  node  

FIFO   First- in  fi rst-ou t (queu ing  method)  

ISL  I so late  node  

ITM  I n termed iate  node  

LC A  Loop cond i ti on  a lert  (Type 25  frame type)  

LCC  Loop cond i ti on  check (Type  25  frame type)  

LCN  Loop cond i ti on  noti fy (Type  25  frame type)  

LLD  Log ical  l ink down  

LLU  Log ical  l ink up  

LN A Loop noti fy answer (Type  25  frame type)  

N N B  No neighborhood  state  

OSI   Open  systems i n terconnection  

Ph -  Physical  l ayer (as  a  prefix)  

Ph E   Ph-en ti ty ( the  local  acti ve  i nstance  of the  Physical  l ayer)  

Ph L  Ph- layer 

Ph S  Ph-service  

PLD Physical  l i nk down  

PLU  Port A (B)  l i nk up  s tate  

QoS  Qual i ty-of-service  

RCL Ring  control  

RCLC  RCL commun ication  control  

RH E Rapid  he l l o  (Type  25  frame type)  

RT Real  time  

RTC RT commun ication  control  

SCR Station  cond i tion  report  (Type 25  frame type)  

TRC Transm i t/Receive  control  

WLU  Wait l i nk up  s tate  
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3.5  Common  conventions  

Th is  s tandard  uses  the  descriptive  conventions  g i ven  in  I SO/IEC 1 0731 .  

The  service  model ,  service  prim i tives,  and  time-sequence d iagrams  used  are  enti re l y abstract 
descriptions;  they do  not represent a  speci fication  for implementation .  

Service  prim i ti ves,  used  to  represent service  user/service  provider i n teractions  (see  
ISO/IEC 1 0731 ),  convey parameters  that i nd icate  in formation  avai lable  i n  the  user/provider 
i n teraction .  

Th is  standard  uses  a  tabu lar format to  describe  the  componen t parameters  of the  DLS  
prim i tives.  The  parameters  that appl y to  each  group of DLS  prim i ti ves  are  set ou t i n  tables  
throughou t the  remainder of th is  s tandard .  Each  table  cons ists  of up  to  s ix columns,  
con tain ing  the  name of the  service  parameter,  and  a  column  each  for those  prim i ti ves  and  
parameter transfer d i rections  used  by the  DLS:  

– the  request prim i tive’s  inpu t parameters;  

– the  request prim i tive’s  ou tput  parameters;  

– the  i nd ication  prim i tive’s  ou tpu t parameters ;  

– the  response prim i ti ve’s  i npu t parameters;  

– the  confi rm  prim i tive’s  ou tput  parameters.  

NOTE  The  request,  i nd icati on ,  response  and  confi rm  prim i ti ves  are  a l so  known  as  requestor. subm i t,  
acceptor. del i ver,  acceptor. subm i t,  and  requestor. del i ver prim i ti ves,  respecti vely (see  I SO/IEC 1 0731 ).  

One parameter (or part of i t)  i s  l i sted  i n  each  row of each  table.  Under the  appropriate  service  
prim i ti ve  columns,  a  code  i s  used  to  speci fy the  type  of usage  of the  parameter on  the  
prim i ti ve  and  parameter d i rection  speci fi ed  i n  the  column:  

M  –  parameter i s  mandatory for the  prim i tive;  

U  –  parameter i s  a  user option  and  may or may not be  provided  depend ing  on  the  
d ynam ic usage  of the  DLS-user.  When  not provided ,  a  defau l t  va lue  for the  
parameter i s  assumed ;  

C  –  parameter i s  cond i ti onal  upon  other parameters  or upon  the  envi ronment of the  
DLS  user;  

(b lank)  –  parameter i s  never present.  

Some entries  are  further qual i fi ed  by i tems  i n  brackets.  These  may be  

a)  a  parameter-speci fic constrain t  

(=)  i nd icates  that the  parameter is  semantical l y equ iva lent to  the  parameter i n  the  
service  prim i tive  to  i ts  immed iate  l eft  i n  the  table;  

b)  an  i nd ication  that some note  appl ies  to  the  en try 

(n )  i nd icates  that the  fol lowing  note  n  con tains  add i tional  i n formation  pertain ing  to  the  
parameter and  i ts  use.   

I n  any particu lar i n terface,  not a l l  parameters  need  be  expl ici tl y stated .  Some may be  
impl ici tl y associated  wi th  the  DLSAP at wh ich  the  prim i ti ve  i s  i ssued .  

I n  the  d iagrams wh ich  i l l ustrate  these  i n terfaces,  dashed  l i nes  i nd icate  cause-and-effect or 
time-sequence  re lationsh ips ,  and  wavy l i nes  i nd icate  that events  are  rough l y 
con temporaneous.  
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3. 6  Ad di tion al  Type  25 con ven tion s  

The fo l l owing  notation ,  a  shortened  form  of the  prim i tive  classes  defined  i n  3 . 2 ,  i s  used  in  the  
figures.   

req   request prim i ti ve  

in d   i nd ication  prim i tive  

cn f   confi rm  prim i ti ve  (confi rmation)  

rsp  response  prim i ti ve  

4 DL servi ces  and  concepts  

4. 1  Overvi ew 

This  standard  speci fi es  the  Type 25  data- l ink services  for the  I SO/I EC 8802-3  based  rea l -time 
Ethernet.  The  Type 25  services  extend  Ethernet accord ing  to  the  I SO/I EC 8802-3  standard  
wi th  mechan ism  to  control  frame flow wi th  I EEE  802. 1 Q VLAN .  The  ri ng  topology shal l  be  use  
i n  type  25  network.  Type  25  network controls  the  data  traffic and  wi thou t needs  time sharing  
or node  synchron ization .   

Th is  standard  speci fi es  the  data- l i nk services  that are  the  extens ion  part of the  
I SO/IEC 8802-3  based  data- l ink layer.  

4. 2  Types  of DLS  

4. 2. 1  Gen eral  

The  DLS  provides  the  fol l owing  service  prim i tives  for data  transm ission  and  reception :  

•  RCL commun ication  (for the  ri ng  network con trol  and  reconfiguration)   

•  RT  commun ication  (for the  cycl ic,  con trol ,  and  i n formation  communication)  

The  RCL commun ication  controls  and  reconfigures  the  Type  25  network  and  i t  i s  non-real -
time communication .  The  RT communication  has  three  types  of communication ,  cycl ic,  
con trol ,  and  i n formation  communication .  I n  cycl ic  commun ication ,  nodes  transm i t period ical l y 
the  cycl ic communication  frames  and  i t  guaran tees  the  real -time commun ication  among  al l  
nodes  on  Type 25  network.  Control  and  I n formation  commun ication  are  acycl ic commun ication  
on  Type  25  network.  Con trol  communication  i s  used  i n  h igh  time-cri tica l  acycl ic  
communication .  I n formation  communication  i s  used  i n  l ow time-cri tical  acycl ic commun ication .  
Control  and  i n formation  communication  are  non-real -time communication .   

4. 2. 2  Pri mitive  of th e  RCL commu n i cation  an d  RT commu n i cation  

The sequence  of prim i ti ves  for the  RCL communication  and  RT communication  services  are  
shown  i n  F igure  2 .   
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NOTE  The  method  by wh ich  a  cn f prim i ti ve  i s  correlated  wi th  i ts  correspond i ng  preced ing  req  prim i ti ve  i s  l oca l  
matter.  See  1 . 2 .  

Figu re 2  – Seq u en ce d i ag ram  of RCL  com mu n i cation   
an d  RT com mu n i cati on  servi ces   

4. 3  Detai l ed  description  of th e  RCL comm u n i cati on  servi ce  

4. 3. 1  Sequ en ce of pri mi ti ves  

These RCL communication  service  prim i ti ves  and  the  parameters  are  summarized  i n  Table  1 ,  
the  prim i ti ve  sequence  is  shown  i n  F igure  2 .  

Tabl e  1  – Pri miti ves  an d  parameters  u sed   
on  th e  RCL commu n i cation  servi ce    

Fu n cti on  Locati on  Pri m i ti ve  Di recti on  Param eter 

Transm i t  DLSDU  Publ i sher DL-RCL. req  To  DLE  S_add  

PortNum  

Frame_pri  

RCL_type  

DLSDU  

Confi rm  DLSDU  
transm ission  

Publ i sher DL-RCL. cnf From  DLE  Status  

Receive  DLSDU   Subscriber(s)  DL-RCL. i nd  From  DLE  S_add  

PortNum  

Frame_pri  

RCL_type  

DLSDU  

 

4. 3. 2  Tran sm it / Receive  DLSDU  

4. 3. 2 . 1  Fu n cti on  

DL-RCL request a l lows  the  DLS-user to  transfer data  for ri ng  con trol  and  reconfiguration .   

4. 3. 2 . 2  Types  of pri mi tives  an d  th e  parameters  of th e  Tran sm it  / Recei ve  DLSDU  

Table  2  ind icates  the  parameters  of transm i t DLSDU  service.   

Publ isher Subscriber(s)

DL-xxx.req

DL-xxx.cnf

DL-xxx. ind
DLPDU
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Tabl e  2  – Tran sm i t DLSDU  pri m itives  an d  parameters   

DL-RCL Req u est  I n d i cati on  Con fi rm  

Parameter name  I npu t  Outpu t  Outpu t  

S_add  M  M  (=)   

Port_Num  M  M   

Frame_pri  M  M  (=)   

RCL_type  M  M  (=)   

DLSDU  M  M  (=)   

S tatus    M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

4. 3. 2 . 2 .1  S_add  

The S_add  (Source  address)  parameter speci fi es  the  DL-address  of the  publ isher DLE.  

4. 3. 2 . 2 .2  PortN u m  

The PortNum  parameter i nd icates  the  port i den ti fication  for send ing  and  receiving  DLSDU.  
DLE have  three  types  PortNum ,  A,  B ,  and  Both .  I n  the  case  of PortNum  is  “Both” ,  the  node  
transm i ts  the  DLSDU  to  both  port A and  port B .  When  node  receives  DLSDU,  the  parameter 
i nd icati ng  the  received  port  te l ls  whether i t  i s  A or B .   

4. 3. 2 . 2 .3  Fram e_pri  

The Frame_pri  parameter speci fi es  the  priori ty wi th  I EEE  802. 1 Q VLAN  on  Type  25  network.  
I n  RCL  communication  service,  th is  va lue  i s  constant i nd icati ng  the  DLSDU  for RCL  
commun ication .   

4. 3. 2 . 2 .4  RCL_type  

The RCL type  parameter speci fi es  the  frame type  for the  Type 25  network ring  con trol  and  
reconfiguration .  For ring  network con trol ,  Type  25  network has  frames  of several  types.  The  
frame types  are  d isti ngu ished  by the  function  and  communication  area.   

4. 3. 2 . 2 .5  DLSDU  

This  parameter speci fies  the  DLS-user data  that i s  transferred  by the  DLE.  

4. 3. 2 . 2 .6  Statu s  

This  parameter speci fi es  the  DLS-user to  determ ine  whether the  requested  service  was  
provided  successfu l l y,  or fai l ed  due  to  a  particu lar reason.  The  possi b le  va lue  conveyed  in  
th is  parameter i s  as  fol l ows:  

a)  “success”;  

b)  “fai l u re”  .  
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4. 4  Detai l ed  d escription  of th e  RT com mu n i cati on  servi ce  

4. 4. 1  Sequ en ce  of pri mitives  

The RT communication  service  prim i tives  and  the  parameters  are  summarized  i n  Table  3,  the  
prim i ti ve  sequence i s  shown  in  F igure  2 .   

Table  3  – Pri mi tives  an d  parameters  u sed  on  th e  RT comm u n i cati on  service   

Fu n cti on  Locati on  Pri m i ti ve  Di recti on  Param eter 

Transm i t  DLSDU  Publ i sher DL-RTC. req  To  DLE  D_add  

S_add  

Frame_pri  

DLSDU  

Confi rm  DLSDU  
transm ission  

Publ i sher DL-RTC.cnf From  DLE  Status  

Receive  DLSDU   Subscriber(s)  DL-RTC. i nd  From  DLE  D_add  

S_add  

Frame_pri  

DLSDU  

NOTE  I n  th i s  tabl e,  t ime  i ncreases  from  top  to  bottom .  

 

4. 4. 2  Tran sm it / Receive  DLSDU  

4. 4. 2 . 1  Fu n cti on  

DL-RT request a l lows  the  DLS-user to  transfer data  based  on  I SO/I EC 8802-3.  I n  RT  
communication ,  there  are  three  commun ication  types:  cycl ic,  control ,  and  i n formation  
communication .  Type  25  network d isti ngu ishes  each  type  of commun ication  by DLSDU  
parameters.   

4. 4. 2 .2  Types  of pri mitives  an d  th e  parameters  of th e  Tran sm it / Receive  DLSDU  

Table  4  i nd icates  the  parameters  of DLSDU  transm ission  service.  

Table  4  – Tran sm it DLSDU  prim iti ves  an d  parameters  

DL-RT Req u est  I n d i cati on  Con fi rm  

Parameter name I npu t  Ou tput  Ou tput  

D_add  M  M  (=)   

S_add  M  M  (=)   

Frame_pri  M  M  (=)   

DLSDU  M  M  (=)   

S tatus    M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .  
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4. 4. 2 .2 .1  D_add  

The D_add  (Destination  address)  parameter speci fi es  the  DL-address  of the  subscriber DLE.  
I t  may be  i nd ividual  or mu l ticast ( i nclud ing  broadcast)  address.  Cycl ic commun ication  uses  
the  ded icated  mu l ticast  address  i nd icating  the  cycl ic communication .   

4. 4. 2 .2 .2  S_ad d  

The S_add  (Source  address)  parameter speci fi es  the  DL-address  of the  publ isher DLE.  

4. 4. 2 . 2 .3  Fram e_pri  

The Frame_pri  parameter speci fi es  the  priori ty wi th  I EEE 802. 1 Q VLAN  on  Type  25  network.  
Th is  value  d i ffers  among  commun ication  types,  wh ich  are  cycl ic,  control  and  i n formation  
communication .   

4. 4. 2 . 2 .4  DLSDU  

This  parameter speci fi es  the  DLS-user data  that i s  transferred  by the  DLE.  

4. 4. 2 .2 .5  Statu s  

See  4 . 3. 2. 2. 6 .  

5 DL management servi ces  

5. 1  G en eral  

This  cl ause  defines  the  i n terface  between  a  DLE  and  a  DL-management u ser (DLMS-user).   

5. 2  Faci l i ties  of th e  DLM S 

DL-management organ izes  the  i n i ti a l i zation ,  configuration ,  even t and  error hand l ing  between  
the  DLMS-user and  the  l og ica l  functions  i n  the  DLE.  The  fo l lowing  functions  are  provided  to  
the  DLMS-user:  

a)  Reset  of the  local  DLE;  

b)  Request for and  mod i fication  of the  actual  operati ng  parameters  and  of the  coun ters  of the  
l ocal  DLE;  

c)  Noti fication  of unexpected  even ts,  errors ,  and  status  changes,  both  l ocal  and  remote;  

d )  Request for i denti fication  and  for the  DLSAP configuration  of the  l ocal  DLE.  

5. 3  Servi ce of th e  DL-m an ag em en t  

5. 3. 1  Overvi ew 

DL-management provides  the  fol lowing  services  to  DLMS-user:  

a)  Reset;  

b)  Set va lue;  

c)  Get  value;  

d )  RCL stop;  

e)  RCL start;  

f)  Node  s tatus ;  

g )  Event.  

Each  service  is  defined  as  fol l owing  subclauses.  
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NOTE  DLMS-user may use  th i s  service  on l y when  the  DLE  adopts  confi gurabl e  t ime  s l ot.  

5. 3. 2  Reset  

The DLMS-user u ti l i zes  th is  service  to  make DL-management to  reset the  DLE.  A reset i s  
equ ivalent to  power on .  The  DLMS-user receives  a  confi rmation  thereof.  

5. 3. 3  Set valu e  

The DLMS-user u ti l i zes  th is  service  to  ass ign  new values  to  the  variables  of the  DLE.  The  
DLMS-user receives  confi rmation  that the  speci fi ed  variables  have  been  set to  the  new 
values.  

5. 3. 4  G et val u e  

This  service  a l l ows  the  DLMS-user to  read  variables  of the  DLE.  The  response  of the  DL 
management returns  the  actual  value  of the  speci fi ed  variables .  

5. 3. 5  RCL stop  

This  service  is  an  i nd icator to  stop  the  designated  type  RCL frames  to  DLMS-user.   

5. 3. 6  RCL  start  

This  service  i s  an  i nd icator to  start the  designated  type  RCL frames  to  DLMS-user.   

5. 3. 7  N od e statu s  

Th is  service  i nd icates  the  status  of the  node  and  ports  to  DLMS-user.   

5. 3. 8  Even t 

DL-management u ti l i zes  th is  service  to  i n form  the  DLMS-user abou t certa in  events  or error in  
the  DLL.  

5. 4  Overvi ew of in teraction s  

The DL-management services  and  thei r prim i ti ves  are  summarized  i n  Table  5 .  

Tabl e  5  – Tran sm i t DLSDU  pri m itives  an d  parameters   

Servi ce  Pri m i ti ve  Param eter 

Reset  DLM_Reset. req  (<none>)  

DLM_Reset. cnf (ou t   DLM_status)  

Set  val ue  DLM_Set. req  ( i n   Vari able-name,  Desi red -val ue)  

DLM_Set. cnf (ou t   DLM_status)  

Get  va l ue  DLM_Get. req  ( i n   Variable-name)  

DLM_Get. cnf (ou t   DLM_status,  Curren t-val ue)  

RCL stop  DLM_RCL_STOP. ind  (ou t  RCL_I nd type)  

RCL start  DLM_RCL_START. i nd  (ou t   RCL_I nd type,  RCL_I ndDA,   

RCL_I ndPri ,  RCL_I ndPort)  

Node  s tatus  DLM_Node_ST. i nd  (ou t   Node_ST,  PortA_ST,  PortB_ST)  

Event  DLM_Event. i nd  (ou t   DLM_event i d en ti fi er,   

Add i ti onal_in fo)  
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The  temporal  re lationsh ips  of the  DL-management prim i ti ves  are  shown  i n  F igure  3  and  
F igu re  4 .  

 

NOTE  The  method  by wh ich  a  cn f prim i ti ve  i s  correlated  wi th  i ts  correspond i ng  preced ing  req  prim i ti ve  i s  l oca l  
matter.  See  1 . 2 .    

Fi gu re  3  – Reset,  Set valu e,  an d  G et val u e  servi ces   

 

Fi gu re  4 – Even t  servi ce   

5. 5  Detai l  specificati on  of servi ce an d  in teracti on s  

5. 5. 1  Reset  

5. 5. 1 . 1  Fu n ction  

The DML_Reset request prim i ti ve  causes  DLMS to  reset the  DLE.  The  DLE is  assumed  in  the  
“Offl i ne”  status ,  and  the  reset i s  carried  ou t  i n  the  same manner as  i n  the  “power on”  
procedure;  a l l  the  DLE  variables  are  cleared .  The  DLMS user receives  the  DLM_Reset  
confi rmation  prim i tive  a long  wi th  the  s tatus  of the  resu l t whether i t  was  a  success  or a  fa i l u re.  

5. 5. 1 .2  Type of prim iti ves  an d  parameters  of th e  Reset  

5. 5. 1 .2 . 1  Gen eral  

Table  6  i nd icates  the  prim i tives  and  parameters  of the  Reset service.  Th is  i s  a  l ocal  service.  

Table  6  – DLM _Reset primi tives  an d  param eters   

DLM _Res et  Req u est  Con fi rm  

Parameter name  I nput  Outpu t  

DLM_Status   M  

NOTE  The method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  a  l ocal  matter.  See  1 . 2 .  

 

Node Node

DLM_xxx.req

DLM_xxx.cnf

DLS-user DLM DLS-userDLM

Node Node

DLM_xxx_ind

DLS-user DLM DLS-userDLM

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-3-25  © I EC  201 5  – 25  –  

5. 5. 1 .2 .2  DLM _statu s  

Th is  parameter a l l ows  the  DLMS-user to  determ ine  whether the  requested  DLMS was  
provided  successfu l l y,  or fai l ed  for the  reason  speci fied .  The  value  conveyed  i n  th is  parameter 
is  as  fo l l ows:   

a)  “OK – successfu l l y completed”;   

b)  “Fai lure  – term inated  before  completion” .  

5. 5. 2  Set val u e  

5. 5. 2 .1  Fu n ction  

This  service  is  used  to  assign  new values  to  the  variables  of the  DLE.  The  DLMS-user 
receives  confi rmation  that the  speci fi ed  variables  have  been  set to  the  new va lues.   

5. 5. 2 .2  Type of prim i tives  an d  parameters  of th e  Set  valu e  

5. 5. 2 . 2 .1  G en eral  

Table  7  i nd icates  the  prim i tives  and  parameters  of the  Set value  service.  Th is  i s  a  l ocal  
service.  

Tabl e  7  – DLM _Set prim i tives  an d  param eters   

DLM _Set Req u est  Con fi rm  

Parameter name  I npu t  Ou tput  

Variable-name M   

Des i red -value  M   

DLM_status   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  a  l ocal  matter.  See  1 . 2 .  

 

5. 5. 2 . 2 .2  Vari abl e-n am e 

This  parameter speci fies  the  variable  wi th in  the  DLE whose  va lue  is  set.  The  se lectable  
variables  and  thei r perm i tted  va lues  or va lue  ranges  are  defined  i n  the  correspond ing  part of 
I EC PAS  62953-4-25.  

5. 5. 2 .2 .3  Desi red-valu e  

Th is  parameter speci fi es  the  des ired  value  for the  selected  variable.   

5. 5. 2 .2 .4  DLM _statu s  

Th is  parameter a l l ows  the  DLMS-user to  determ ine  whether the  requested  DLMS was  
provided  successfu l l y,  or fai l ed  for the  reason  speci fi ed .  The  va lue  conveyed  i n  th is  parameter 
is  as  fo l l ows:  

a)  “OK – success  – the  variable  cou ld  be  updated " ;  

b)  “Fa i lure  – the  variable  does  not exist or cou ld  not assume the  new value” ;  

c)  "Fai lure  – i nval id  parameters  i n  the  request" .  

Copyright International  Electrotechnical  Commission  



 – 26  – I EC PAS  62953-3-25  © I EC  201 5  

5. 5. 3  G et val u e  

5. 5. 3.1  Fu n ction  

Th is  service  can  be  used  to  read  the  va lue  of a  DLE  variable.  The  response of the  DLMS 
returns  the  actual  va lue  of the  speci fi ed  variable.  

5. 5. 3.2  Type of prim itives  an d  parameters  of th e  Set  valu e  

5. 5. 3.2 . 1  Gen eral  

Table  8  i nd icates  the  prim i tives  and  parameters  of the  Get  value  service.  Th is  i s  a  local  
service.  

Table  8  – DLM _G et pri m itives  an d  param eters   

DLM _Get Req u est  Con fi rm  

Parameter name I nput  Ou tput  

Variable-name M   

Current-val ue   M  

DLM_status   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  a  l ocal  matter.  See  1 . 2 .  

 

5. 5. 3. 2 .2  Vari abl e-n am e 

This  parameter speci fies  the  variable  wi th in  the  DLE whose  va lue  is  set.  The  se lectable  
variables  and  thei r perm i tted  values  or va lue  ranges  are  defined  i n  the  correspond ing  part of 
I EC PAS  62953-4-25.  

5. 5. 3.2 .3  Cu rren t-val u e  

This  parameter is  presen t when  the  status  parameter ind icates  that the  requested  service  was  
performed  successfu l l y.  Th is  parameter speci fies  the  current value  of the  selected  variable.  

5. 5. 3.2 .4  DLM _statu s  

Th is  parameter a l l ows  the  DLMS-user to  determ ine  whether the  requested  DLMS was  
provided  successfu l l y,  or fai l ed  for the  reason  speci fied .  The  value  conveyed  i n  th is  parameter 
is  as  fo l l ows:  

a)  “OK – success  – the  variable  cou ld  be  read";  

b)  “Fa i lure  – the  variable  does  not  exist or cou ld  not be  read” ;  

c)  "Fai lure  – i nval id  parameters  i n  the  request" .  

5. 5. 4  RCL stop  

5. 5. 4. 1  Fu n ction  

This  service  i n forms  the  DLMS-user to  stop  the  RCL frames  transm ission .  
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5. 5. 4.2  Type of pri m iti ves  an d  parameters  of th e  RCL stop  

5. 5. 4.2 .1  Gen eral  

Table  9  i nd icates  the  prim i ti ves  and  parameters  of the  RCL stop  service.  Th is  i s  a  l ocal  
service.   

Table  9  – DLM _RCL_STOP pri m itives  an d  parameters   

DLM _RCL_S TOP  I n d i cati on  

Parameter name  Ou tput  

RCL_I nd type  M  

 

5. 5. 4. 2 .2  RCL_I n dtype  

This  parameter speci fies  the  RCL type  of the  requested  RCL  frames  for the  DLMS-user due  to  
the  change of the  node  status.  

5. 5. 5  RCL start  

5. 5. 5. 1  Fu n cti on  

This  service  i s  used  to  i n form  the  DLMS-user about  starti ng  the  RCL  frames.  

5. 5. 5.2  Type of pri m iti ves  an d  parameters  of th e  RCL start  

5. 5. 5.2 .1  Gen eral  

Table  1 0  i nd icates  the  prim i tives  and  parameters  of the  RCL start service.  Th is  i s  a  l ocal  
service.   

Tabl e  1 0  – DLM _RCL_START pri mi tives  an d  param eters   

DLM _RCL_S TART I n d i cati on  

Parameter name Ou tput  

RCL_I nd type  M  

RCL_I ndDA M  

RCL_I ndPri  M  

RCL_I ndPort  M  

 

5. 5. 5. 2 .2  RCL_I n dtype  

This  parameter speci fies  the  RCL type  of the  requested  RCL  frames  for the  DLMS-user due  to  
the  change of the  node  status.  

5. 5. 5. 2 .3  RCL_I n dD A 

This  parameter speci fies  the  DL-address  of the  requested  RCL frames  for the  DLMS-user due  
to  the  change  of the  node  s tatus.  

5. 5. 5. 2 .4  RCL_I n d Pri  

This  parameter speci fies  the  priori ty wi th  VLAN  of the  requested  RCL frames  for the  DLMS-
user due  to  the  change of the  node  status.  
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5. 5. 5.2 .5  RCL_I n d Port  

This  parameter speci fies  the  transm iss ion  port of the  requested  RCL frames  for the  DLMS-
user due  to  the  change of the  node  status.  

5. 5. 5.3  N od e statu s  

5. 5. 5.3.1  Gen eral  

Table  1 1  i nd icates  the  prim i ti ves  and  parameters  of the  Node  status  service.  Th is  i s  a  l ocal  
service.   

Tabl e  1 1  – DLM _RCL_START pri mi tives  an d  param eters   

DLM _N od e_S T I n d i cati on  

Parameter name Outpu t  

Node_ST M  

PortA_ST M  

PortB_ST M  

 

5. 5. 5. 3.2  N od e_ST 

This  parameter con ta ins  the  node  s tatus  ( I SL/EGA/EGB/ITM)  for the  DLMS-user due  to  the  
change  of the  node  s tatus.  

5. 5. 5. 3.3  PortA_ST 

This  parameter con ta ins  the  s tatus  of port A on  own  node  for the  DLMS-user due  to  the  
change  of the  node  s tatus.  

5. 5. 5. 3.4  PortB_ST 

This  parameter con ta ins  the  s tatus  of port B  on  own  node  for the  DLMS-user due  to  the  
change  of the  node  s tatus.  

5. 5. 6  Even t  

5. 5. 6. 1  Fu n cti on  

This  service  i s  used  to  i n form  the  DLMS-user abou t certa in  i n ternal  even ts  or errors  to  the  
DLS  provider.  

5. 5. 6.2  Type of prim i tives  an d  parameters  of th e  Even t 

5. 5. 6.2 . 1  G en eral  

Table  1 2  i nd icates  the  prim i ti ves  and  parameters  of the  Event  service.  Th is  i s  a  local  service.   
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Table  1 2  – DLM _Even t pri mi tives  an d  param eters   

DLM _Even t  I n d i cati on  

Parameter name  Outpu t  

DLM_event  i d enti fi er M  

Add i ti onal _in formation  C  

 

5. 5. 6. 2 .2  DLM _even t i den ti fi er 

This  parameter speci fies  the  prim i ti ve  or composi te  event  wi th in  the  DLE  whose  occurrence is  
being  announced .   

5. 5. 6. 2 .3  Ad di tion al_in formati on  

This  fie l d  contains  device  profi l e  or vendor speci fic  add i tional  i n formation .  
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IN DU STRI AL COM M U N I CATION  N ETWORKS - 
FIELDBU S SPECIFI CATION S – 

 
Part 4-25:  Data-l i nk layer protocol  speci ficati on  -  

Type 25 elements  
 
 
 

1  Scope 

1 . 1  G en eral  

The data- l i nk layer provides  basic time-cri tical  messag ing  commun ications  between  devices  i n  
an  au tomation  environment.  

Th is  protocol  provides  communication  opportun i ti es  to  a l l  participating  data- l ink en ti ti es  

a)  i n  a  synchronousl y-starti ng  cycl ic manner,  accord ing  to  a  pre-establ ished  schedu le,  and  

b)  i n  a  cycl ic or acycl ic asynchronous  manner,  as  requested  each  cycle  by each  of those  
data-l i nk enti ties .  

Thus  th is  protocol  can  be  characterized  as  one  wh ich  provides  cycl ic and  acycl ic access  
asynchronousl y bu t  wi th  a  synchronous  restart  of each  cycle.   

1 . 2  Specification s  

This  s tandard  speci fi es  

a)  procedures  for the  timel y transfer of data  and  con trol  i n formation  from  one  data- l i nk user 
en ti ty to  a  peer user enti ty,  and  among  the  data- l ink enti ties  form ing  the  d istributed  
datal i nk service  provider;   

b)  procedures  for g i vi ng  commun ications  opportun i ties  to  a l l  participati ng  DL-enti ties,  
sequen tia l l y and  i n  a  cycl ic manner for determ in istic and  synchron ized  transfer at cycl ic  
i n tervals  up  to  one  m i l l i second ;   

c)  procedures  for g ivi ng  communication  opportun i ties  avai lable  for time-cri tica l  data  
transm ission  together wi th  non-time-cri tical  data  transm ission  wi thou t prejud ice  to  the  
time-cri tica l  data  transm ission ;   

d )  procedures  for g i ving  cycl ic and  acycl ic commun ication  opportun i ti es  for t ime-cri tica l  data  
transm ission  wi th  priori ti zed  access;  

e)  procedures  for g i ving  communication  opportun i ti es  based  on  standard  I SO/IEC  8802-3  
med ium  access  con trol ,  wi th  provis ions  for nodes  to  be  added  or removed  during  normal  
operation ;   

f)  the  structure  of the  fi e l dbus  DLPDUs used  for the  transfer of data  and  control  i n formation  
by the  protocol  of th is  s tandard ,  and  their representation  as  physica l  in terface  data  un i ts.  

1 . 3  Proced u res   

The  procedures  are  defined  in  terms  of 

a)  the  i n teractions  between  peer DL-enti ti es  (DLEs)  through  the  exchange of fie l dbus  
DLPDUs;  

b)  the  i n teractions  between  a  DL-service  (DLS)  provider and  a  DLS-user i n  the  same system  
through  the  exchange of DLS  prim i ti ves;   

c)  the  i n teractions  between  a  DLS-provider and  a  Ph-service  provider i n  the  same system  
through  the  exchange of Ph-service  prim i ti ves.  
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1 . 4  Appl i cabi l i ty  

These  procedures  are  appl icable  to  i nstances  of communication  between  systems wh ich  
support time-cri tica l  communications  services  wi th in  the  data- l i nk layer of the  OSI  or fie l dbus  
reference models,  and  wh ich  requ i re  the  abi l i ty to  i n terconnect i n  an  open  systems  
i n terconnection  environment.  

Profi l es  provide  a  s imple  mu l ti -attribute  means  of summarizing  an  implementation ’s  
capabi l i ties ,  and  thus  i ts  appl icabi l i ty to  various  time-cri tical  commun ications  needs.  

1 . 5  Con forman ce  

Th is  standard  a lso  speci fies  conformance requ i rements  for systems implementing  these  
procedures.  Th is  standard  does  not con tain  tests  to  demonstrate  compl iance  wi th  such  
requ i rements.  

2  N ormati ve referen ces  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC PAS  62953-3-25,  Industrial communication  networks – Fieldbus specifications – Part 3-
25: Data-link layer service definition  – Type 25 elements 

I EC PAS  62953-5-25,  Industrial communication networks – Fieldbus specifications – Part 5-
25: Application layer service definition – Type 25 elements 

I EC PAS  62953-6-25,  Industrial communication networks – Fieldbus specifications – Part 6-
25: Application layer protocol specification – Type 25 elements 

I SO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition  of OSI services 

I SO/IEC 7498-1 ,  Information technology – Open Systems Interconnection  – Basic Reference 
Model:  The Basic Model 

I SO/IEC 7498-3,  Information technology – Open Systems Interconnection – Basic Reference 
Model:  Naming and addressing 

I SO/IEC 8802-3: 2000,  Information technology – Telecommunications and information 
exchange between systems – Local and metropolitan area  networks – Specific requirements – 
Part 3: Carrier sense multiple  access with collision detection (CSMA/CD)  access method and 
Physical Layer specifications 

I SO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition  of OSI services 

I EEE 802. 1 D-2004,  I EEE  Standard  for Local  and  metropol i tan  area  networks  – Med ia  access  
con trol  (MAC)  Bridges,  avai lable  at <h ttp: //www. ieee. org>  

IEEE  802. 1 Q-2005,  I EEE  Standard  for Local  and  metropol i tan  area  networks  – Vi rtua l  Bri dged  
Local  Area  Networks,  avai l ab le  at <h ttp: //www. ieee. org>  
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3 Terms,  defi n i ti on s,  symbol s  and  abbrevi ati ons  

For the  purposes  of th is  document,  the  fo l lowing  terms,  defi n i ti ons,  symbols ,  abbreviations  
and  conventions  appl y.  

3. 1  Referen ce  mod el  term s an d  d efi n i ti on s   

This  s tandard  is  based  i n  part  on  the  concepts  developed  i n  I SO/IEC 7498-1  and  
ISO/IEC 7498-3,  and  makes  use  of the  fol l owing  terms  defined  therein :  

3. 1 . 1  DL-add ress  [ISO/I EC  7498-3]  

3. 1 . 2  DL-add ress-m appin g  [ISO/I EC  7498-1 ]  

3. 1 . 3  cal l ed -DL-add ress  [ISO/I EC  7498-3]  

3. 1 . 4  cal l i n g-DL-ad d ress  [ISO/I EC  7498-3]  

3. 1 . 5  cen tral ized  mu l ti -en d-poin t-con n ecti on  [ISO/I EC  7498-1 ]  

3. 1 . 6  DL-con n ecti on   [ISO/I EC  7498-1 ]  

3. 1 . 7  DL-con n ection -en d-poi n t [ISO/I EC  7498-1 ]  

3. 1 . 8  DL-con n ection -en d-poi n t-id en ti fi er [ISO/I EC  7498-1 ]  

3. 1 . 9  DL-con n ection -mode  tran sm issi on   [ISO/I EC  7498-1 ]  

3. 1 . 1 0  DL-con n ection l ess-mod e tran sm i ssi on   [ISO/I EC  7498-1 ]  

3. 1 . 1 1  correspon d en t (N )-en ti ties  [ISO/I EC  7498-1 ]  

correspondent DL-en ti ti es  (N=2)  

correspondent Ph-enti ti es  (N=1 )  

3. 1 . 1 2  DL-du pl ex-tran sm i ssion  [ISO/I EC  7498-1 ]  

3. 1 . 1 3  (N )-en ti ty  [ISO/I EC  7498-1 ]  

DL-enti ty (N=2)  

Ph-en ti ty (N=1 )  

3. 1 . 1 4  DL-faci l i ty  [ISO/I EC  7498-1 ]  

3. 1 . 1 5  flow con trol  [ISO/I EC  7498-1 ]  

3. 1 . 1 6  (N )-l ayer [ISO/I EC  7498-1 ]  

DL-layer (N=2)  

Ph- layer (N=1 )  
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3. 1 . 1 7  l ayer-m an agemen t  [ISO/I EC  7498-1 ]  

3. 1 . 1 8  DL-l ocal -view  [ISO/I EC  7498-3]  

3. 1 . 1 9  DL-n am e  [ISO/I EC  7498-3]  

3. 1 . 20  n am in g -(ad dressin g )-d omain   [ISO/I EC  7498-3]  

3. 1 . 21  peer-en ti ties   [ISO/I EC  7498-1 ]  

3. 1 . 22  pri mi tive  n am e  [ISO/I EC  7498-3]  

3. 1 . 23  DL-protocol   [ISO/I EC  7498-1 ]  

3. 1 . 24  DL-protocol-con n ection -iden ti fi er  [ISO/I EC  7498-1 ]  

3. 1 . 25  DL-protocol-d ata-u n i t   [ISO/I EC  7498-1 ]  

3. 1 . 26  DL-rel ay  [ISO/I EC  7498-1 ]  

3. 1 . 27  reset  [ISO/I EC  7498-1 ]  

3. 1 . 28  respon d in g -DL-add ress   [ISO/I EC  7498-3]  

3. 1 . 29  rou ti n g   [ISO/I EC  7498-1 ]  

3. 1 . 30  segm en ti n g   [ISO/I EC  7498-1 ]  

3. 1 . 31  (N )-servi ce  [ISO/I EC  7498-1 ]  

DL-service  (N=2)  

Ph-service  (N=1 )  

3. 1 . 32  (N )-servi ce-access-poin t  [ISO/I EC  7498-1 ]  

DL-service-access-poin t (N=2)  

Ph-service-access-poin t (N=1 )  

3. 1 . 33  DL-servi ce-access-poi n t-ad d ress   [ISO/I EC  7498-3]  

3. 1 . 34 DL-servi ce-con n ecti on -iden ti fi er  [ISO/I EC  7498-1 ]  

3. 1 . 35  DL-servi ce-d ata-u n i t   [ISO/I EC  7498-1 ]  

3. 1 . 36  DL-si m pl ex-tran smi ssion  [ISO/I EC  7498-1 ]  

3. 1 . 37  DL-su bsystem   [ISO/I EC  7498-1 ]  

3. 1 . 38  system s-m an ag em en t  [ISO/I EC  7498-1 ]  

3. 1 . 39  DLS-u ser-d ata  [ISO/I EC  7498-1 ]  

3. 2  Servi ce con ven ti on  terms  an d  d efin i tion s  

This  standard  a lso  makes  use  of the  fo l lowing  terms  defined  i n  I SO/IEC 1 0731  as  they appl y 
to  the  data-l i nk l ayer:  

3. 2. 1  acceptor 

3. 2. 2  asym m etri cal  servi ce  

3. 2. 3  con fi rm  (prim i tive) ;  

requestor. del i ver (prim i tive)  
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3. 2. 4  del iver (pri miti ve)  

3. 2. 5  DL-con fi rmed-faci l i ty 

3. 2. 6  DL-faci l i ty  

3. 2. 7  DL-l ocal -view 

3. 2. 8  DL-m an d atory-faci l i ty  

3. 2. 9  DL-n on -con fi rmed-faci l i ty 

3. 2. 1 0  DL-provi d er-in i ti ated -faci l i ty  

3. 2. 1 1  DL-provi d er-option al -faci l i ty  

3. 2. 1 2  DL-servi ce-pri miti ve;  

prim i ti ve  

3. 2. 1 3  DL-servi ce-provid er 

3. 2. 1 4  DL-servi ce-u ser 

3. 2. 1 5  DLS-u ser-opti on al-faci l i ty 

3. 2. 1 6  in d i cati on  (prim i tive) ;  

acceptor. del iver (prim i ti ve)  

3. 2. 1 7  mu l ti -peer 

3. 2. 1 8  req u est  (pri mitive) ;  

requestor. subm it  (prim i ti ve)  

3. 2. 1 9  req u estor 

response (prim i ti ve) ;  

acceptor. subm i t  (prim i ti ve)  

3. 2. 20  su bmit  (pri mitive)  

3. 2. 21  sym m etri cal  servi ce  

3. 3  Term s an d  d efi n i ti on s  

3. 3. 1   
blocki n g  

a port  state  wh ich  does  not  participate  i n  frame communication  

3. 3. 2   
cl ass  
i denti fiers  that des ignate  communication  range  of the  RCL frame and  the  other frames  

3. 3. 3   
con trol  comm u n i cati on  
non-real -time acycl ic data  communication  for h i gher priori ty appl ications  and  node  con trol  
commun ication  

3. 3. 4   
cycl i c  commu n i cation  

period ic data  communication  for real - time  commun ication  
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3. 3. 5   
DLCEP-add ress  
DL-address  wh ich  des ignates  e i ther 

a)  one  peer DL-connection-end-poin t,  or 

b)  one  mu l ti -peer publ isher DL-connection-end-poin t and  impl ici tl y the  correspond ing  set of 
subscriber DL-connection-end-poin ts  where  each  DL-connection-end -poin t  exists  wi th in  a  
d istinct  DLSAP and  is  associated  wi th  a  correspond ing  d isti nct DLSAP-address.  

3. 3. 6   
DL-seg m en t,  l i n k,  local  l in k 
sing le  DL-subnetwork in  wh ich  any of the  connected  DLEs  may communicate  d i rectl y,  wi thou t 
any in terven ing  DL-re layi ng ,  whenever a l l  of those  DLEs  that are  participati ng  in  an  i nstance  
of communication  are  s imu l taneousl y atten ti ve  to  the  DL-subnetwork during  the  period (s)  of 
attempted  commun ication  

3. 3. 7   
DLSAP  
d isti ncti ve  poin t at wh ich  DL-services  are  provided  by a  s i ng le  DL-enti ty to  a  s ing le  h igher-
layer en ti ty 

Note  1  to  en try:  Th i s  d efi n i ti on ,  deri ved  from  I SO/IEC 7498-1 ,  i s  repeated  here  to  faci l i tate  understand i ng  of the  
cri ti cal  d i sti nction  between  DLSAPs  and  thei r DL-addresses.  

 

NOTE  1  DLSAPs  and  PhSAPs  are  depicted  as  oval s  spann i ng  the  boundary between  two  ad j acent l ayers .  

NOTE  2  DL-add resses  are  depicted  as  designati ng  smal l  gaps  (poi n ts  of access)  i n  the  DLL porti on  of a  DLSAP.  

NOTE  3  A s i ng le  DL-enti ty may have  mu l ti p l e  DLSAP-addresses  and  g roup  DL-add resses  associated  wi th  a  
s i ng le  DLSAP.  

Fig u re 1  – Rel ati on sh i ps  of DLSAPs,  DLS AP-addresses  an d  g rou p  DL-ad d resses   

3. 3. 8   
DL(SAP)-ad dress  
ei ther an  i nd ividual  DLSAP-address,  des ignating  a  s ing le  DLSAP of a  s i ng le  DLS-user,  or a  
group  DL-address  poten tia l l y des ignating  mu l tiple  DLSAPs,  each  of a  s ing le  DLS-user 

Note  1  to  en try:  Th i s  term inol ogy i s  chosen  because  I SO/IEC 7498-3  does  not  perm i t  the  use  of the  term  DLSAP-
address  to  des i gnate  more  than  a  s i ng l e  DLSAP  at  a  s i ng le  DLS-user.  
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3. 3. 9   
( i n d i vid u al )  DLS AP-ad d ress  
DL-address  that des ignates  on l y one  DLSAP wi th in  the  extended  l i nk  

Note  1  to  en try:  A s i ng le  DL-enti ty may have  mu l ti pl e  DLSAP-addresses  associated  wi th  a  s i ng l e  DLSAP.  

3. 3. 1 0   
exten ded  l i n k 
DL-subnetwork,  consisting  of the  maximal  set of l i nks  in terconnected  by DL-relays,  sharing  a  
s i ng le  DL-name (DL-address)  space,  i n  wh ich  any of the  connected  DL-en ti ties  may 
communicate,  one  wi th  another,  e i ther d i rectl y or wi th  the  ass istance  of one  or more  of those  
i n terven ing  DL-re lay en ti ti es  

3. 3. 1 1   
fram e  

den igrated  synonym  for DLPDU  

3. 3. 1 2   
grou p  DL-add ress  

DL-address  that potentia l l y des ignates  more  than  one  DLSAP wi th in  the  extended  l i nk  

Note  1  to  en try:  A s i ng le  DL-enti ty may have  mu l ti p l e  g roup  DL-add resses  associated  wi th  a  s i ng l e  DLSAP.  A 
s i ng le  DL-en ti ty a l so  may have  a  s i ng le  g roup  DL-address  associated  wi th  more  than  one  DLSAP.  

3. 3. 1 3   
in form ati on  comm u n i cation   
non-real -time acycl ic  data  commun ication  for l ow priori ty appl ications  

3. 3. 1 4   
log i cal  l i n k d own  
l i nk status  at wh ich  the  port i s  i n  a  b locking  state  and  does  not commun icate  a l l  kinds  of 
frames  except RCL frames  

3. 3. 1 5   
log i cal  l i n k u p  

l ink status  at wh ich  the  port  communicates  a l l  ki nds  of frames  

3. 3. 1 6   
nod e  

sing le  DL-enti ty as  i t  appears  on  one  l ocal  l i nk  

3. 3. 1 7   
ph ysi cal  l i n k d own  
l ink status  at wh ich  the  port does  not commun icate  the  frames  due  to  l ink down  status  defined  
i n  I SO/IEC 8802-3   

3. 3. 1 8   
receivi n g  DLS-u ser 
DL-service  user that  acts  as  a  recip ien t of DLS-user-data  

Note  1  to  en try:  A DL-service  user can  be  concurrentl y both  a  send i ng  and  recei ving  DLS-user 

3. 3. 1 9   
ri n g  con trol  (RCL)  com mu n i cati on  

con trol  communication  of type  25  DLL ring  network using  RCL frames  and  non-real - ime  

3. 3. 20   
sen di n g  DLS-u ser 
DL-service  user that acts  as  a  source  of DLS-user-data  
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3. 3. 21   
stati on  
node  

3. 3. 22   
stati on  add ress  

i denti fier address  that designates  the  node  of type  25  network  

3. 4  Symbol s  an d  abbreviati on s  

NOTE  Many symbols  and  abbrevi ations  are  common  to  more  than  one  protocol  Type;  they are  not  necessari l y 
used  by a l l  protocol  Types.  

DL-   Data- l i nk l ayer (as  a  prefix)  

DLC   DL-connection  

DLCEP   DL-connection-end-poin t  

DLE   DL-enti ty ( the  l ocal  acti ve  i nstance  of the  data- l i nk layer)  

DLL   DL-layer  

DLM   DL-management 

DLM E   DL-management En ti ty (the  local  acti ve  i nstance  of DL-management)  

DLM S   DL-management service  

DLPCI   DL-protocol -control - in formation  

DLPDU   DL-protocol -data-un i t  

DLS   DL-service  

DLS AP   DL-service-access-poin t  

DLSDU   DL-service-data-un i t  

EG A Edge-A node  

EG B Edge-B  node  

FIFO   First- in  fi rst-ou t (queu ing  method)  

ISL  I solate  node  

ITM  I n termed iate  node  

LC A  Loop cond i ti on  a lert  (Type 25  frame type)  

LCC  Loop cond i ti on  check (Type  25  frame type)  

LCN  Loop cond i ti on  noti fy (Type  25  frame type)  

LLD  Log ical  l i nk down  

LLU  Log ical  l i nk up  

LN A Loop noti fy answer (Type  25  frame type)  

N N B  No neighborhood  state  

OSI   Open  systems  i n terconnection  

Ph -  Physica l  l ayer (as  a  prefix)  

Ph E   Ph-en ti ty ( the  local  acti ve  i nstance  of the  Physica l  l ayer)  

Ph L  Ph-layer  

Ph S Ph-service  

PLD Physical  l i nk down  

PLU  Port  A (B)  l i nk up  s tate  

QoS  Qual i ty-of-service  

RCL Ring  control  
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RCLC  RCL commun ication  control  

RHE Rapid  hel l o  (Type  25  frame type)  

RT Real  time  

RTC RT commun ication  control  

SCR Station  cond i tion  report  (Type 25  frame type)  

TRC Transm i t/Receive  control  

WLU  Wait l i nk up  s tate  

3.5  Common  conventions  

This  s tandard  uses  the  descripti ve  conventions  g i ven  in  I SO/I EC 1 0731 .   

The  service  model ,  service  prim i ti ves,  and  time-sequence  d iagrams  used  are  enti re l y abstract 
descriptions;  they do  not represent  a  speci fication  for implementation .   

Service  prim i ti ves,  used  to  represen t service  user/service  provider i n teractions  (see  
ISO/IEC 1 0731 ),  convey parameters  that i nd icate  i n formation  avai l able  i n  the  user/provider 
i n teraction .  

Th is  standard  uses  a  tabu lar format to  describe  the  component parameters  of the  DLS  
prim i ti ves.  The  parameters  that appl y to  each  group of DLS  prim i tives  are  set ou t i n  tables  
throughou t the  remainder of th is  s tandard .  Each  tab le  cons ists  of up  to  s ix columns,  
con tain ing  the  name of the  service  parameter,  and  a  column  each  for those  prim i tives  and  
parameter transfer d i rections  used  by the  DLS:  

•  the  request prim i ti ve ’s  inpu t parameters ;  

•  the  request prim i ti ve ’s  ou tput  parameters;  

•  the  i nd ication  prim i tive’s  ou tpu t parameters;  

•  the  response prim i ti ve’s  i npu t parameters;  

•  the  confi rm  prim i ti ve’s  ou tpu t parameters.  

NOTE  The  request,  i nd icati on ,  response  and  confi rm  prim i ti ves  are  a l so  known  as  requestor. subm i t,  
acceptor. del i ver,  acceptor. subm i t,  and  requestor. del i ver prim i ti ves,  respecti vely (see  I SO/I EC 1 0731 ).  

One parameter (or part of i t)  i s  l i sted  i n  each  row of each  table.  Under the  appropriate  service  
prim i ti ve  columns,  a  code  is  used  to  speci fy the  type  of usage  of the  parameter on  the  
prim i ti ve  and  parameter d i rection  speci fi ed  i n  the  column:  

M  –  parameter i s  mandatory for the  prim i tive;  

U  –  parameter is  a  user option  and  may or may not  be  provided  depend ing  on  the  
d ynam ic usage  of the  DLS-user.  When  not provided ,  a  defau l t va lue  for the  
parameter i s  assumed ;  

C  –  parameter i s  cond i tional  upon  other parameters  or upon  the  environment of the  
DLS  user;  

(b lank)  –  parameter i s  never present.  

Some entries  are  further qual i fi ed  by i tems  i n  brackets.  These  may be  

a)  a  parameter-speci fic constrain t  

(=)  i nd icates  that the  parameter is  semantical l y equ iva lent to  the  parameter i n  the  
service  prim i tive  to  i ts  immed iate  l eft  i n  the  table;  

b)  an  i nd ication  that some note  appl i es  to  the  entry 

(n )  i nd icates  that the  fol lowing  note  n  con tains  add i tional  i n formation  pertain ing  to  the  
parameter and  i ts  use.   
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I n  any particu lar i n terface,  not a l l  parameters  need  be  expl ici tl y stated .  Some may be  
impl ici tl y associated  wi th  the  DLSAP at wh ich  the  prim i tive  is  i ssued .  

I n  the  d iagrams  wh ich  i l l ustrate  these  i n terfaces,  dashed  l ines  i nd icate  cause-and-effect or 
time-sequence re lationsh ips ,  and  wavy l i nes  i nd icate  that events  are  rough l y 
con temporaneous.  

3. 6  Ad di tion al  Type  25  con ven tion s  

3. 6. 1  Pri mi tive  con ven tion s  

The fol l owing  notation ,  a  shortened  form  of the  prim i tive  classes  defined  i n  3 . 2 ,  i s  used  in  the  
figures.   

req  request  prim i ti ve  

in d  i nd ication  prim i ti ve  

cn f  confi rm  prim i ti ve  (confi rmation)  

rsp  response  prim i tive  

3. 6. 2  State  m ach i n e  con ven ti on s  

The protocol  sequences  are  described  by means  of state  mach ines.  

I n  state  d iagrams,  states  are  represented  as  boxes  and  s tate  trans i tions  are  shown  as  arrows.  

Names  of states  and  transi ti ons  of the  state  d iagram  correspond  to  the  names  i n  the  state  
table.  The  textual  l i sti ng  of the  state  trans i tions  i s  structu red  as  shown  i n  Table  1 .  

Tabl e  1  – State  tran si tion  d escri ption s   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

 

Table  2  – Description s  of state  m ach in e elemen ts   

Des cri pti on  el em en t  M ean i n g  

# Number of the  transi ti on .  

Curren t state,   

Next state  

Names  of the  ori g i nati ng  s tate  and  the  target state  of transi ti on .  

Event  Name  or d escripti on  of the  tri gger event  that  fi re  the  transi ti on .  

/cond i ti ons  Boolean  express ion ,  wh ich  must  be  true  for the  transi ti on  to  be  fi red .  

=>actions  Li st  of ass ignments  and  service  or fu nction  i nvocations.  The  action  shou ld  be  
atom ic.  The  preced ing  “=>”  i s  not  part  of the  action .  

NOTE  “*/  cond i ti ons”  may be  om i tted  

 

The conventions  used  i n  the  s tate  mach ines  are  shown  i n  Table  3 .  
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Table  3  – Con ven ti on s  u sed  in  state  mach in e  

Con ven ti on  M ean i n g  

=  Substi tu ti on  of the  ri gh t  s i de  for the  l eft  s i de  

==  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  equa l  to  an  i tem  on  the  ri gh t.  

! =  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  not  equal  to  an  i tem  on  the  ri gh t  

<  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  l ess  than  the  i tem  on  the  ri gh t  

>  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  g reater than  the  i tem  on  the  ri gh t  

&& Log ica l   “AND”  

| |  Log ica l   “OR”  

!  Negation  operator 

+  – *  /  Ari thmetic  operator 

++  I ncrement  operator 

--  Decrement operator 

;  Breakpoin t  

 

4 Overvi ew of the DL-protocol  

4. 1  G en eral  

A type  25  fie l dbus  i s  based  on  the  I SO/I EC 8802-3  standard  but extended  towards  rea l -time 
Ethernet.  Type  25  network controls  the  data  traffic and  assigns  frame priori t i es  wi th  
I EEE  802. 1 Q  VLAN .   

NOTE  Any s tandard  E thernet  s i l i con ,  i n frastructu re  component  or test  and  measuremen t  equ ipment  such  as  a  
network anal yzer i s  appl i cable  to  type  25  network.  

4. 2  Overvi ew of th e  med iu m  access  con trol  

4. 2. 1  G en eral  

Type 25  network provides  mechan isms to  ach ieve  the  fol lowing .  

a)  I t  ass igns  priori ti es  to  fou r types  of frames  (RCL/Cycl i c/Control /I n formation) .  

b)  The  frames  i n  type  25  network are  guaranteed  real -time  of cycl ic commun ication  to  con trol  
the  data  traffic.   

c)  I t  uses  ISO/IEC 8802-3  standard  communication  wi thou t needs  for specia l  functions  for 
RTE  commun ication  such  as  time sharing  or node  synchron ization .  

d )  The  ri ng  topology is  on l y perm i tted  i n  type  25  network.  I n  order to  control  the  network,  i t  
categorizes  the  frames  in to  three  classes  accord ing  to  the ir commun ication  ranges.  

4. 2. 2  N etwork topolog y 

The ring  topology shal l  be  use  i n  type  25  network.  The  network shal l  be  con troled  and  
reconfigured  by RCL frames.  Type 25  ri ng  network does  not need  concept of master/s lave  
model  because  each  node  i n  type  25  network reconfigures  autonomousl y.  To  prevent frame 
loop,  one  section  i n  the  ri ng  network is  i n  the  blocking  s tate  ( I EEE  802. 1 D)  and  the  b locked  
section  term inates  a l l  kinds  of frames  except RCL frame (as  i l l ustrated  i n  Table  2) .   
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Figu re 2  – Ri n g  con trol  in  Type  25 n etwork  

Each  node  in  the  ri ng  network has  two ports  A and  B  to  connect to  the  ne iboring  nodes.  Each  
node  has  i ts  own  station  address.  I n  type  25  network,  each  node  has  four d i fferen t node  
states  depend ing  on  the  b locking  status  of the ir ports.  Table  4  shows  the  characteristics  of 
the  node  states.   

Tabl e  4 – Ch aracteristi cs  of th e  n od e states   

N od e s tates  Abbrevi ati on  Des cri pti on  

I solated  node  I SL  Both  port  A and  B  are  b l ocked  i n  th i s  s tate  (e. g .  not  connect cables  
to  other nodes)  and  the  node  i s  i solated  from  the  type  25  network.   

Edge-A node  

(when  port  B  i s  
b l ocked )  

EGA Port  B  i s  b l ocked ,  port  A i s  unb locked .  The  node  works  wi th  Edge-A.  
There  i s  on l y one  node  i n  a  Type  25  network.  

Edge-B  node  

(when  port  A i s   
b l ocked )  

EGB  Port  A i s  b l ocked ,  port  B  i s  unb locked .  The  node  works  wi th  Edge-B .  
There  i s  on l y one  node  i n  a  Type  25  network.  

I n termed iate  node  

(when  port  A,  B   
are  unb locked )  

I TM  Both  port  A and  B  are  u nbl ocked .  The  node  works  wi th  Edge-A and  
Edge-B .  I n  a  Type  25  network,  there  are  an  Edge-A node  and  an  
Edge-B  node.  The  other nodes  are  th i s  state.  

 

RCL frames  are  based  on  general  I SO/IEC 8802-3  frames.  These  frames  have  d i fferen t 
ranges  of commun ication  wh ich  are  g iven  by “class” .  Table  5  shows  the  characteristics  of the  
frame class  and  F igure  3  shows  the  commun ication  ranges  i n  Type  25  network.   

communication 

range 

(except RCL frame)

EGB

ST#2
ST#4

ST#3

ST#1
ST#5

ST#6

EGA

ITM

ITM

ITM

ITM

A

B

A

B

A

B

A

B

A

B

A

B

RCL frame(RHE)

EGA： Edge-A node (when port B  i s blocked)

EGB： Edge-B node (when port A i s blocked)

ITM ： Intermidiate node (when port A and B  a re unblocked)

ST#x： Station address

A： port A

B： port B

Blocking port
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Table  5  – Ch aracteristi c  of th e  frame cl asses   

Fram e cl ass  Des cri pti on  

Class  1  Th i s  frame i s  used  to  commun icate  wi th  the  nei ghboring  node  on ly.  I t  passes  th rough  blocking  
ports .  RHE  frame are  RCL frames  i n  th i s  cl ass.   

Class  2  Th i s  frame i s  used  to  commun icate  around  the  network.  Th i s  frame i s  able  to  pass  th rough  
b locking  ports  and  the  Edge-A node  term inates  the  frames.  LCC,  LCA,  LCN ,  LNA,  and  SCR 
frames  are  RCL frames  i n  th i s  cl ass .   

Class  3  Th i s  frame i s  general  E thernet  frame and  term inated  by b l ocki ng  ports .  The  RT frames  (Cycl i c,  
Control ,  I n formation  frames)  are  i n  th i s  cl ass .   

 

 

Fig u re 3  – Commu n i cati on  ran g es  of Type  25  fram es   

4. 2. 3  Pri ori ty con trol  wi th  VLAN  

The Type  25  fie ldbus  has  a  med ium  access  con trol  wi th  VLAN  priori ty i n  order to  provide  the  
real - time communication .  F igure  4  shows the  mechan ism  of priori ty con trol  wi th  VLAN  of the  
Type 25  fi e ldbus.   

Priori ty 
VLAN-1 :  RCL communication   H igh  
VLAN-2:  Cycl ic communication  
VLAN-3:  Control  commun ication  
VLAN-4:  I n formation  communication  Low 

 

Figu re 4 – Priori ty con trol  wi th  VLAN  of Type  25 n etwork 

Each  node  has  ou tpu t queues  wi th  priori ty.   The  receiving  frames  are  pu t i n to  the  output 
queues  based  on  the ir frame priori ties.  The  frame wi th  h igher priori ty wi l l  be  forwarded  
neighboring  node.  I n  th is  mechan ism ,  Type 25  network guarantees  real - time cycl ic 
communication .   

Class 1

frame

Class 2  

frame

EGA EGBITM ITM ITM

Information

Cycl ic  (Rea l -time)

Control

LCC,LCA,

LCN,LNA,  

SRC

RHE

Communication area

Class 3  

frame

Blocking Blocking

RCL

Output queue 

with  priori ty

Priori ty 

Control

Control   

frame

RCL frame

RCL frame

Control  frame

Type 25 networkType 25 network

High

Low

Node
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4. 2. 4  Th e m axim u m  del ivery del ay in  Type  25  n etwork  

Type 25  network l im i ts  data  traffic i n  the  network to  ensure  real  t ime  communication .  Th is  
main ta ins  the  communication  de lay of frames  at an  acceptable  level .  The  traffic restriction  of 
each  node  i s  determ ined  by the  tota l  number of nodes  i n  the  network and  cycle  time using  the  
node.   

 

Fi gu re  5  – Th e mech an i sm  of tran sm i ssi on  d el ay i n  a  n od e  

There  are  three  causes  of the  delay regard ing  VLAN-2  (cycl ic communication)  frame i n  Type  
25  network.   

a)  VLAN-2  frame arri ves  at  the  time when  the  node  i s  send ing  another frame.  The  VLAN-2  
frame is  forced  to  wai t un ti l  the  transm ission  i s  fin ished .  Th is  de lay is  caused  by any 
priori ty frames.   

b)  Before  receiving  a  VLAN-2  frame,  the  node  receives  another VLAN-2  frame (VLAN-2 ’  i n  
F igu re  5)  from  other ports.  I n  th is  case,  at the  priori ty queue  the  VLAN2  frame is  pu t after 
the  VLAN-2 ’  frame.  

c)  When  the  VLAN-2  frame is  wai ti ng  for transm ission  due  to  the  causes  a)  and  b) ,  the  node  
receives  h i gher priori ty frames  (VLAN-1  frame).  S ince  the  node  wi l l  transm i t the  h i ghest 
priori ty frames  fi rst,  the  VLAN-2  frame is  forced  to  wai t  un ti l  the  transm ission  of h igher 
priori ty frames  are  fin ished .  

When  three  causes  happen  a l l  at once  i n  a  node,  the  maximum  delay occurs.  The  del i very 
time cou ld  be  calcu lated  i n  the  case  of the  maximum  delay occurring  at a l l  nodes  i n  a  Type  25  
network.   

4. 2. 5  Traffi c  con trol  for real -ti m e com mu n i cation   

Del ivery time i n  Type  25  network is  ca lcu lated  based  on  the  maximum  delay time per node,  
the  number of nodes,  and  the  l eng th  of ring  network.    

The  maximum  delay of rea l - time communication  (cycl ic commun ication)  between  two nodes  i s  
ca lcu lated  by taking  i n to  account   the  four delay causes  shown  i n  F igure  6 .  The  detai l  of each  
cause  is  shown  in  I EC 61 784-2  Profi l e  20/1 .   

1 )  Stacking  de lay i n  send ing  node:   

The  delay caused  by the  transm ission  process.  I t  depends  on  the  implementation  of the  
hardware  and  software.  

2)  Cable  segment delay:  

The  de lay caused  by transm ission  cable  constructi ng  ring  network.  I t  i s  proportional  to  the  
cable  l eng th .  

3)  Transm ission  delay i n  trans i t  node   

Node1Output queue 

with  priori ty

VLAN–2

VLAN  –2’

Type 25

network

from connected  

devices

VLAN–4

Node2 Node n

Continuing

Maximum delay case

(a)
(b)

waiting

Type 25 

network

High

Low

Priori ty 

Control

VLAN–1
(c)

Type 25 PDU

Processor
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The  delay caused  by transm ission  de lay per transi t  node.  I t  i s  proportional  to  the  number 
of nodes  in  the  transm ission  path .  The  detai l  i s  shown  i n  4 . 2 . 4 .   

4)  Stacking  de lay i n  receiving  node:   

The  delay caused  by the  receiving  process.  I t  depends  on  the  implementation  of the  
hardware  and  software.  

The  del ivery time is  ca lcu lated  by the  fol l owing  equation .   

(de l i very time)  =  (1 )  +  (2)  ×  cable  l eng th  +  (3)  ×  ( the  number of nodes  – 2)  +  (4)  

The  cycle  time of cycl i c communication  shal l  be  set to  l arger than  the  de l i very time to  
guaran tee  rea l - time communication  of cycl ic  commun ication  frames  i n  Type  25  network.   

 

Figu re 6  – Th e  worst  delay in  Type  25  n etwork 

4. 3  Service assu m ed  from  Ph L 

This  subclause  describes  the  assumed  physical  service  (PhS)  and  the  constrain ts  used  by the  
DLE.  The  Phys ical  Service  i s  assumed  to  provide  the  fol lowing  service  prim i ti ves  speci fied  by 
I SO/IEC 8802-3,  C lause  2 .  

The  assumed  prim i ti ves  of PhS  are  

– PhS-A_DATA. req ,  

– PhS-A_DATA. ind ,  

– PhS-B_DATA. req ,  

– PhS-B_DATA. ind .  

4. 4 DL Layer arch i tectu re  

The  Type  25  fie l dbus  DLL is  modeled  as  a  combination  of control  components  of RCL  
communication  control  (RCLC),  Real -time commun ication  con trol  (RTC),  Transm i t/Receive  
con trol  (TRC)  and  DL-management (DLM).   

The  data- l i nk l ayer i s  comprised  of the  components  shown  i n  Table  6 .   

ST
#1

ST
#2

ST
#3

ST
#4

ST
#n

Sending node

Type 25 network

(1)

(2)

(3)

Receiving 

node

(2)

(3)

(3)

(2)

(2)

(2)

(4)
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Table  6  – Data-l in k l ayer compon en ts   

Com pon en ts  Des cri pti on  

RCL commun ication  control  (RCLC)  At  RCLC,  DLSDU  for the  ri ng  con trol  (RCL)  data  i s  
s tored  and  transferred  between  the  DLS-user and  the  
TRC.    

Real -time  commun ication  con trol  (RTC)  At  RTC,  con trol  data/i n formation  data  i s  s tored  and  
transferred  between  DLS-user and  the  TRC.    

Transm i t/Recei ve  control  (TRC)  At  TRC,  DLSDU  i s  s tored  and  transferred  from  the  
RCLC/RTC to  Ph-Layer.  DLPDU  i s  s tored  and  
transferred  from  Ph-Layer to  the  RCLC/RTC.    

DL-management (DLM)  The  DL-management i n terface  holds  the  station  
management  vari ables  that  bel ong  to  the  DLL,  and  
manages  synch ron ized  changes  of the  l i nk 
parameters.   

 

The i n ternal  arrangement of these  componen ts,  and  thei r i n terfaces,  i s  shown  i n  F igure  7 .  The  
arrowheads  i l l ustrate  the  primary d i rection  of the  fl ow of data  and  con trol .   

 

Figu re 7  – Data-Li n k l ayer i n tern al  arch i tectu re   

4. 5  Local  parameters  an d  vari abl es  

4. 5. 1  Overvi ew 

This  speci fication  uses  DLS-user request parameters  P(… )  and  l ocal  variables  V(… )  as  a  
means  of cl ari fying  the  effect of certa in  actions  and  the  cond i ti ons  under wh ich  those  actions  
are  val id ,  l ocal  t imers  T(… )  as  a  means  of mon i toring  actions  of the  d is tribu ted  DLS-provider 
and  of ensuring  a  local  DLE  response to  the  absence of those  actions,  and  local  coun ters  
C(… )  for perform ing  rate  measurement functions.  

Un less  otherwise  speci fi ed ,  at the  moment of thei r creation  or of DLE  acti vation :  

a)  a l l  variables  shal l  be  i n i tia l i zed  to  the ir defau l t va lue,  or to  the ir m in imum  perm i tted  value  
i f no  defau l t  i s  speci fied ;  

DLS-user

RCL communication  

control  (RCLC)

[State machine]

・ RHE_SM-A

・ RHE_SM-B

・ RCLNode_SM

・ RCLTR_SM

Real-time communication  

control  (RTC)

[State machine]

・ RTTR_SM

DL-management

(DLM)

[State machine]

・ DLM_SM1

Transmit/Receive control  (TRC)

[State machine]  ・ TRC_SM

Ph-Layer
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b)  a l l  counters  shal l  be  i n i ti a l i zed  to  zero;   

c)  a l l  t imers  shal l  be  i n i tia l i zed  to  i nacti ve;  

DL-management may change the  va lues  of configuration  variables .  

4. 5. 2  Vari abl es,  param eter,  cou n ter an d  tim er 

4. 5. 2 .1  P(RH E_RxCK_N U M )  

This  parameter i nd icates  the  expiration  time of not receiving  RHE  frames.   

4. 5. 2 . 2  P(RH E_LKU P_N U M )  

This  parameter i nd icates  the  number of receiving  RHE frames  for l og ica l  l i nkup.   

4. 5. 2 . 3  P(LCC_STOP_N U M )  

This  parameter i nd icates  the  threshold  number to  stopthe  LCC  frame transm ission .   

4. 5. 2 .4  C(PA_RH E_LKU P),  C(PB_RH E_LKU P)  

These  counters  i nd icate  the  count of con tinuousl y receiving  RHE frames  at port A and  port B,  
respectivel y.   

4. 5. 2 .5  C(PA_RH E_RxCK),  C(PB_RH E_RxCK)  

These coun ters  are  used  to  check whether con ti nuous l y received  or d roped  RHE frames.  
Each  va lue  is  decreased  i n   T(PA_RHE_TIME)  or T(PB_RHE_TIME).   

4. 5. 2 .6  C(PA_Rx-RH E_N otM atch ) ,  C(PB_Rx-RH E_N otM atch )  

These  counters  are  used  to  detect the  change  from  neighborhood  node  to  another node.   

4. 5. 2 . 7  C(Rx_Cou n ter)  

This  coun ter i nd icates  the  number of receiving  LCC frames  by own  node.   

4. 5. 2 . 8  T(PA_RH E_TIM E),  T(PB_RH E_TIM E)  

T(PA_RHE_TIME)  and  T(PB_RHE_TIME)  are  used  for fixed  cycle  to  do  RHE operation .  

4. 5. 2 . 9  V(PA_Blockin g) ,  V(PB_Blockin g)  

These variables  hold  and  designate  the  b locking  status  at the  ports  respectivel y.  When  the  
port i s  b l ocked ,  these  variables  are  set  to  “True” ,  otherwise  “False” .   

4. 5. 2 .1 0  V(LCN _Pri )  

This  variable  i s  a  un ique  va lue  used  to  decide  an  Edge-A node  i n  the  network.  Th is  variable  is  
used  when  the  node  sends  LCN  frames.   

4. 5. 2 .1 1  V(LN A_Pri )  

This  variable  is  a  un ique  value  used  to  decide  an  Edge-A node  i n  the  network.  Th is  variable  i s  
used  when  the  node  sends  LNA frames.   

4. 5. 2 . 1 2  V(PA_N BST_LKST),  V(PB_N BST_LKST)  

These variables  hold  and  designate  the  l i nk status  of a  neighborhood  node.  I t  takes  three  
types  value  (NNB,  WLU ,  and  PLU).  These  values  are  updated  by receiving  the  RHE  frames.    
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4. 5. 2 .1 3  V(PA_N BST_N DST),  V(PB_N BST_N DST)  

This  variable  holds  and  des ignates  the  node  status  of a  neighborhood  node.  I t  takes  four 
types  va lue  ( I SL,  EGA,  EGB,  and  I TM)  and  updates  the  value  by receiving  the  RHE frames.   

4. 5. 2 .1 4  V(PA_N BST_RCLADD),  V(PB_N BST_RCLADD)  

These  variables  hold  and  des ignate  the  address  of a  ne ighborhood  node.  These  va lues  are  
updated  by receiving  the  RHE frames.    

4. 5. 2 . 1 5  V(P A_RH E_CYCLE),  V(PB_RH E_CYCLE)  

These  variables  hold  and  designate  the  cycle  time  to  do  RHE operation .  

4. 5. 2 . 1 6  V(P A_RH E_RxSeq) ,  V(PB_RH E_RxSeq)  

These variables  hold  and  designate  the  sequence number of receiving  RHE frames.  I f 
RHEframes  from  neighborhood  node  are  received  con tinuous l y,  these  values  i ncrease.   

4. 5. 2 .1 7  V(PA_STATU S),  V(PB_STATU S)  

These variables  hold  and  designate  the  port l i nk status  of own  node.  They take  three  va lues  
(NNB,  WLU ,  and  PLU).   

5 General  structure an d  encodi ng  of PhPDU s  and  DLPDU  an d  rel ated  el ements  
of procedure  

5. 1  Overvi ew 

The DLL and  i ts  procedures  are  necessary to  provide  the  services  offered  to  the  DLS  user by 
us ing  the  services  avai l able  from  the  PhL.  Th is  cl ause  describes  the  structure  and  semantics  
of  DLPDU  and  the  procedure,  common l y used  i n  th is  speci fication .   

5. 2  Com mon  M AC  fram e stru ctu re,  en codin g  an d  el em en ts  of procedu re  

5. 2. 1  M AC fram e stru ctu re  

Figu re  8  shows the  Type  25  fi e ldbus  DLPDU .  

 

 

Fig u re 8  – Type  25  fi el d bu s  DLPDU  fram e form at  

5. 2. 2  El emen ts  of th e  M AC  fram e  

5. 2. 2 .1  Pream bl e  

The preamble  fi e ld  i s  i den tical  to  I SO/IEC 8802-3,  C lause  3 .  The  preamble  fie l d  i s  a  56-bi t  
fie l d  that  i s  used  to  al l ow the  physical  s ignal i ng  part ci rcu i try to  reach  i ts  s teady state  
synchron ization  wi th  the  receiving  frame tim ing .  

The  preamble  pattern  is :  

“1 01 01 01 0  1 01 01 01 0  1 01 01 01 0  1 01 01 01 0  1 01 01 01 0  1 01 01 01 0  1 01 01 01 0. ”  

Preamble

(7)

SFD

(1)

Destination

address (6)

Source 

address (6)

VLAN tag 

(4)

Length/

Type (2)
DLS-user data Padding 

FCS 

(4)

(*)the number in  parenthesis indicates length  of the field  in  octets
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5. 2. 2 .2  Start fram e d el im i ter (SFD)   

The Start  Frame Del im i ter (SFD)  is  i dentica l  to  I SO/IEC  8802-3,  C lause  3.  The  SFD fi e l d  i s  
the  sequence of bi t  pattern  “1 01 01 01 1 ” .  I t  immed iate l y fo l lows  the  preamble  pattern  and  
i nd icates  the  start  of a  frame.  

5. 2. 2 .3  Desti n ati on  add ress  

The Destination  address  i s  i dentical  to  I SO/I EC 8802-3,  Clause  3.  Th is  address  fie ld  i s  a  48-
bi t i n  length .  The  frames  received  and  sen t at each  node  are  class i fi ed  i n to  three  class  (class  
1 ,  2 ,  and  3)  based  on  the  communication  range.  The  deta i l  of the  class  i s  shown  i n  4 . 2. 2 .   

The  frame class  i s  d isti ngu ished  by desti nation  address.  Table  7  shows  the  destination  
address  of three  types  of cl asses.   

Tabl e  7  – Destin ation  ad dress  form at  

Fram e cl ass  Fram e type  Des ti n ati on  ad d res s  

class  1  RCL (RHE)  01 -80-C2-00-00-0F  

cl ass  2  RCL (LCC/LCA/LCN/LNA/SCR)  01 -80-C2-00-00-0E  

cl ass  3  Cycl i c/Control /I n formation  Desti nati on  MAC add ress  of the  DLSDU  

 

5. 2. 2 . 4  Sou rce add ress  

Source  address  shal l  con tain  the  node  address  of the  source  DLE.   

5. 2. 2 .5  VLAN  tag  

VLAN  tag  uses  I EEE  802. 1 Q VLAN  tag ,  and  ind icates  frame type  (RCL,  cycl ic,  con trol ,  and  
i n formation)  des ignated  VID  and  frame priori ty designated  PCP.   

Table  8  – VLAN  tag  format 

fram e type  
TPI D  

(2  octets)  

TCI  
(2  octets)  

PCP  
(3  b i t)  

CFI   
(1  b i t)  

VI D   
(1 2  b i t)  

RCL  0x81 00  1 1 1  0  0xFFB  

Cycl i c  0x81 00  1 01  0  0xFFC  

Control  0x81 00  01 1  0  0xFFD  

I n formation  0x81 00  001  0  0xFFE(*)  

(*)  I n formation  frames  may use  other VID  than  0xFFE(4094)  from  1  to  50  and  desi gnate  mu l ti p l e  VIDs.  

 

5. 2. 2 . 6  Len gth /Type  

The Length/type  i s  d i fferen t for frame types.   

– RCL frame is  set to  the  frame l ength .  I t  i s  d i fferen t for the  RCL_type.   

– cycl ic frame is  set to  0x0800(designated  I P  frame).   

– con trol  and  i n formation  frames  are  set to  protocol  ID  that corresponds  to  PDU  data.  

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-4-25  © I EC  201 5  – 55  –  

5. 2. 2 .7  DLS-u ser d ata  fi el d  

5. 2. 2 .7 .1  RCL frame  

RCL frame has  three  segments,  RCL header,  RCL protocol  header,  and  Protocol  data  i n  DLS-
user data.  Each  segment contains  i n formation  wh ich  is  used  to  control  the  ring  network.  The  
i n formation  d i ffers  accord ing  to  RCL  frame types.   

 

Fi gu re 9  – RCL fram e form at  

5. 2. 2 .7. 2  RT fram e  

The RT frames  are  i den ti ca l  to  the  I SO/IEC 8802-3.  

5. 2. 2 .8  Padd i n g  

Padd ing  is  i nserted  i n to  the  frame  so  that the  data  l eng th  i s  a lways  a  mu l tip le  of 32  b i ts .   

5. 2. 2 .9  Fiel d  ch eck sequ en ce  (FCS)  

The frame check sequence (FCS)  construction ,  pol ynom ial  and  expected  res idual  are  
i dentica l  to  I SO/IEC 8802-3,  C lause  3 .   

6 DLPDU -speci fi c structure,  encodi ng  and  el ements  of procedure  

6. 1  G en eral  

This  cl ause  defines  the  structu re,  con ten ts  and  encod ing  of each  type  and  format of the  RCL 
communication  DLPDU,  and  speci fies  e lements  of procedure  for the  DLPDU .  The  RT 
communication  DLPDU  i s  not described  in  th is  clause  s i nce  i ts  frame i s  i den tica l  to  the  
ISO/IEC 8802-3.  

6. 2  Stru ctu re  of th e  RCL DLPDU   

Frame of cl ass  1  i s  used  to  communicate  to  the  neighboring  node.  Frame of class  2  i s  used  to  
communicate  between  nodes  around  the  network.  For the  RCL  frame,  there  are  one  kind  of 
class  1  frame and  fi ve  kinds  of class  2  frame.  Table  9  shows  the  types  and  classes  of RCL 
frames.   

Preamble

(7)

SFD

(1)

Destination

address (6)

Source 

address (6)

VLAN

tag (4)

Length/

Type (2)
DLS-user data Padding 

FCS 

(4)

RCL header

(46)

RCL protocol  

header (64)

Protocol  data

(0. .1386)

(*)the number in  parenthesis indicates length  of the field  in  octets
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Tabl e  9  – Types  an d  cl asses  of RCL frames   

fram e cl as s  fram e n am e  Des cri pti on  

Class  1  RHE   

(Rapid  Hel l o)  

The  RHE  frame confi rms  the  neighboring  
node  and  transm iss ion  path .   

Cl ass  2  LCC ( *)  

(Loop  Cond i ti on  Check)  

The  LCC frame  i s  used  to  determ ine  
au tonomously the  s i ng l e  Edge-A node,  wh ich  
exi sts  i n  the  normal  ri ng  network.  

Class  2  LCA ( *)  

(Loop  Cond i ti on  Alert)  

I f a  node ’s  port  B  i s  physi cal  or l og ical  l i nk 
down,  the  node’s  LCA frame  declares  that  i t  
has  h i gher priori ty to  be  Edge-A node.  

Class  2  LCN  ( *)  

(Loop  Cond i ti on  Noti fy)  

A node’s  LCN  frame declares  that  i ts  own  port  
B  changes  to  phys ical  l i nk down  state.  

Class  2  LNA ( *)  

(Loop  Noti fy Answer)  

The  LNA frame i s  sen t  to  the  node  wh ich  sent  
LNA frame.  On l y Edge-B  node  sends  th i s  
frame.  

Class  2  SCR  

(S tation  Cond i ti on  Report)  

The  SCR frame noti fi es  the  even t of change  i n  
network topology to  a l l  n odes  i n  the  ri ng  
network.   

( *)  LCC,  LCA,  LCN ,  and  LNA have  d i fferent  priori ty to  se lect  an  Edge-A node:   

 LCN  >  LCA >  LCC (h i gh  pri ori ty)  >  LCC ( l ow priori ty)  

 

6. 2. 1  RCL h eader 

6. 2. 1 . 1  G en eral  

The structure  of RCL DLPDU  is  shown  in  Table  1 0.  

Table  1 0  – Stru ctu re  of RCL  h eader  

RCL h ead er fi el d  
S i ze  

(Octet)  

Class  2  

Desti nati on  add ress   

Priori ty  1  

S tation  add ress   1  

MAC add ress   6  

Source  add ress   

Priori ty  1  

S tation  add ress   1  

MAC add ress   6  

CMD  4  

Sequence  number  4  

Reserved   20   

 

6. 2. 1 . 2  Cl ass  

There  are  two  kinds  of class  i n  RCL frame.  

– Class  1 :  used  to  communicate  to  the  neighboring  node;  

Class  2 :  used  to  commun icate  between  nodes  around  the  network.  
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Table  1 1  – C l ass  fi el d  form at  

fram e cl as s  Val u e(2  octets)  

class  1  0x0001  

cl ass  2  0x0002  

 

6. 2. 1 . 3  Desti n ation  add ress  

Set value  of priori ty,  s tation  address,  MAC address,  depend ing  on  RCL_type.   

Tabl e  1 2  – Desti n ati on  add ress  fi eld  form at   

i tem  RCL_type  

RH E/LCC/LC N /SCR LC A/LN A 

Priori ty  0x00  

set  to  the  source  address  that  recei ves  RCL frame 
(LCA:  recei ved  LCC frame,  LNA:  received  LCN  frame)  

S tation  add ress  0xFF  

MAC add ress  FF-FF-FF-FF-FF-FF  

 

6. 2. 1 . 4  Sou rce add ress  

Al l  RCL frames  are  set to  the  data  shown  in  Table  1 3 .  

Table  1 3  –Sou rce ad dress  fi eld  form at  

i tem  Val u e  

Priori ty  0x00  

Station  add ress  Station  add ress  of the  node  

MAC add ress  MAC add ress  of the  node  

 

6. 2. 1 . 5  CM D 

The CMD is  used  to  iden ti fy the  RCL frame.  Th is  area  is  d i fferen t accord ing  to  the  frame type  
(RCL_type).   

Tabl e  1 4  – CM D field  form at  

Bi t  i tem  
Val u e  

RH E  LCC  LC A LCN  LN A SCR 

[3 . . 0 ]  Reserved  1  

[7 . . 4 ]  Un ique  number 1  0  0  1  2  3  0  

[1 1 . . 8]  Un ique  number 2  0  1  1  1  1  3  

[1 5. . 1 2 ]  Reserved  0  

[23. . 1 6]  Frame class  1  2  2  2  2  2  

[31 . . 24]  Reserved  0  

 

6. 2. 1 . 6  Sequ en ce  n u mber 

Sequence  number is  used  to  detect l oss  and  dupl ication  of received  frames.  I ts  va lue  ranges  
from  0x00000000  to  0xFFFFFFFF  wi th  an  i ncrement of 1 .  
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7 DLE el ements  of procedure  

7. 1  Overvi ew 

I n  fo l lowing  subclause,  the  operation  of RCLC,  RTC,  TRC,  and  DLM  are  described .   

7. 2  RCL com mu n i cati on  con trol  (RCLC)  

7. 2. 1  G en eral  

RCLC provides  the  fol lowing  functions.   

– Control  l i nk status  of communicati on  wi th  neighboring  node  using  RHE  frame;  

– Control  node  status  us ing  class  2  RCL frames;  

– Send  and  receive  RCL frames.  

7. 2. 2  Pri mitive  defin i ti on s  

7. 2. 2 . 1  Pri mitive  defin i ti on s  between  RCLC  an d  DLS-u ser 

Table  1 5  summarizes  a l l  prim i ti ves  exchanged  between  the  RCLC and  the  DLS-user.  

Table  1 5  – Th e pri m iti ves  an d  param eters  for DLS-u ser in terface  

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Des cri pti on  

DL-RCL. req  DLS-user ( i n  S_add ,   

PortNum  

Frame_pri ,   

RCL_type,   

DLSDU)   

Transm i t  a  RCL frame from  the  DLS-
user.  The  RCL frame i s  carried  to  TRC 
wi th  the  cl ass  parameter.   

DL-RCL. cnf RCLC  (ou t   S tatus)   Respond  to  complete  DLSDU  
transm ission  and  report  the  status  to  
DLS-user.   

DL-RCL. i nd  RCLC  (ou t  S_add ,   

PortNum  

Frame_pri ,   

RCL_type,  

DLSDU)   

Carri es  forward  a  recei ved  RCL frame  
to  the  DLS-user.   

 

The parameters  used  wi th  the  prim i tives  exchange between  the  RCLC and  the  DLS-user are  
described  in  Table  1 6.   
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Tabl e  1 6  – Param eters  u sed  with  pri miti ves   
exch an g ed  between  RCLC an d  DLS-u ser  

Param eter n am e  Des cri pti on  

S_add  The  S_add  parameter speci fi es  the  DL-add ress  of the  publ i sher.  

PortNum  Th is  parameter speci fi es  the  transm i t/receive  port  of the  publ i sher.   

Frame_pri  Th i s  parameter speci fi es  the  priori ty wi th  VLAN  of the  ri ng  network.   

RCL_type  Th is  parameter speci fi es  the  RCL type  of the  RCL frame.   

DLSDU  Th is  parameter speci fi es  the  i n formati on  of the  RCL frame.  

S tatus  Th i s  parameter a l l ows  DLMS-user to  determ ine  whether the  requested  

DLS  was  provi ded  successfu l l y,  or fa i l ed  d ue  to  a  parti cu lar reason .  The  va l ue  
conveyed  i n  th i s  parameter i s  as  fol l ows:   

“OK – successfu l l y completed” ;  

“Fai l u re  – term inated  before  completion”  

 

7. 2. 2 . 2  Pri miti ve  defin i ti on s  between  RCLC  an d  TRC  

Table  1 7  summarizes  a l l  prim i ti ves  exchanged  between  the  RCLC and  the  TRC.  

Table  1 7  – Th e pri m iti ves  an d  param eters  for TRC  i n terface  

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Des cri pti on  

RCLC-Tx. req  RCLC  D_add ,   

S_add ,   

Tx_port,   

Frame_pri ,   

RCL_type,   

DLSDU  

Transm i t  a  RCL frame to  
TRC wi th  associated  
parameters.  The  RCLC 
attaches  the  Tx_port  
parameter (port  A,  B  or 
both ).   

RCLC-Rx. i nd  TRC D_add ,   

S_add ,   

Rx_port,    

Frame_pri ,   

RCL_type,   

DLSDU  

Carri es  forward  a  
recei ved  RCL frame  from  
the  TRC.   

RCLC-SetPT. req  RCLC  BLKport,   

B l ocking  

Requests  to  change  the  
b l ocking  status  of a  port  
to  the  TRC.   

 

The parameters  used  wi th  the  prim i ti ves  exchange between  the  RCLC and  the  TRC are  
described  in  Table  1 8.   
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Tabl e  1 8  – Param eters  u sed  wi th  pri mi tives  exch an g ed  between  RCLC  an d  TRC  

Param eter n am e  Des cri pti on  

D_add  The  D_add  parameter speci fi es  the  DL-address  of the  subscriber.  

S_add  The  S_add  parameter speci fi es  the  DL-add ress  of the  publ i sher.  

Tx_port  Th i s  parameter speci fi es  the  transm i t  port  of the  publ i sher.   

Rx_port  Th i s  parameter speci fi es  the  receive  port  of the  publ i sher.   

Frame_pri  Th i s  parameter speci fi es  the  priori ty wi th  VLAN  of the  ri ng  network.   

RCL_type  Th is  parameter speci fi es  the  RCL type  of the  RCL frame.   

DLSDU  Th is  parameter speci fi es  the  i n formation  of the  RCL frame.  

BLKport  Th i s  parameter speci fi es  the  b l ocking  port  i n  i tsel f.  

B l ocking  Th i s  parameter speci fi es  the  b l ocking  status  i n  i tsel f.  

 

7. 2. 2 . 3  Pri miti ve  defin i ti on s  between  RCLC  an d  DLM  

Table  1 9  summarizes  a l l  prim i ti ves  exchanged  between  the  RCLC and  the  DLM.  

Table  1 9  – Th e prim i tives  an d  param eters  for DLM  i n terface   

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Des cri pti on  

RCLC-Reset. i nd  DLM  (none)  I nd icates  a  reset  of the  
RCLC from  the  DLM  

RCL_STOP. ind  RCLC  RCL_I nd type  I nd icates  a  stop  of the  
RCL frame  to  DLM  based  
on  the  ri ng  con trol  s tate  
mach ine.   

RCL_START. ind  RCLC  RCL_I nd type,   

RCL_I ndDA,   

RCL_I ndPri ,  

RCL_I ndPort  

I nd icates  a  start  of the  
RCL frame to  DLM  based  
on  the  ri ng  con trol  s tate  
mach ine.  

Node_ST. i nd  RCLC  Node_ST,   

PortA_ST,   

PortB_ST 

I nd icates  a  change  of the  
node  or port  s tatus  to  
DLM  based  on  the  ri ng  
con trol  s tate  mach ine  

RCLC-Event. i nd  RCLC  DLM_event  i d en ti fi er,   

Add i ti onal _in formation  

Th i s  service  i s  used  to  
i n form  the  DLM  about  
certain  even ts  or errors  i n  
the  DLL  

 

The parameters  used  wi th  the  prim i tives  exchange between  the  RCLC and  the  DLM  are  
described  in  Table  20.  
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Tabl e  20  – Param eters  u sed  with  pri miti ves   
exch an g ed  between  RCLC an d  DLM   

Param eter n am e  Des cri pti on  

RCL_I nd type  Th is  parameter speci fi es  the  RCL type  of the  requested  RCL frames  for the  DLM  
due  to  the  change  of the  node  status.   

RCL_I ndDA Th is  parameter speci fi es  the  DL-add ress  of the  requested  RCL frames  for the  DLM  
due  to  the  change  of the  node  status.   

RCL_I ndPri  Th i s  parameter speci fi es  the  priori ty wi th  VLAN  of the  requested  RCL frames  for the  
DLM  due  to  the  change  of the  node  s tatus.  

RCL_I ndPort  Th i s  parameter speci fi es  the  transm ission  port  of the  requested  RCL frames  for the  
DLM  due  to  the  change  of the  node  s tatus.   

Node_ST Th is  parameter con tains  the  node  status  ( I SL/EGA/EGB/I TM)  for the  DLM  due  to  
the  change  of the  node  status.  

PortA_ST Th is  parameter con tains  the  s tatus  of port  A on  own  node  for the  DLM  due  to  the  
change  of the  node  status.  

PortB_ST Th is  parameter con tains  the  s tatus  of port  B  on  own  node  for the  DLM  due  to  the  
change  of the  node  status.  

DLM_event i d en ti fi er Th i s  parameter speci fi es  the  prim i ti ve  or composi te  even t wi th i n  the  DLE  

whose  occurrence  i s  being  announced .  

Add i ti onal_in formation  Th i s  optional  parameter provi des  even t-speci fi c  add i ti onal  i n formation  

 

7. 2. 3  RCLC state  m ach in e  

7. 2. 3. 1  RH E state  mach i n e of port  A an d  B  (RH E_SM -A/RH E_SM -B)  

The RHE state  mach ine  i s  used  to  confi rm  the  l i nk status  of communication  wi th  the  
neighboring  node.  There  are  two  state  mach ines  on  a  node,  one  for port  A (RHE_SM-A)  and  
one  for port B  (RHE_SM-B).  The  state  is  updated  when  RHE is  received  and  the  l i nk state  
between  the  node  and  the  ne ighboring  node  i s  confi rmed .  These  state  mach ines  have  the  
fol l owing  states.   

– No_Neighborhood :  The  node  does  not connect to  the  ne ighboring  node  nor does  i t  receive  
the  RHE  frame from  the  neighboring  node.   

– Wai t_Linkup:  The  node  wai ts  to  l i nk up  wi th  the  neighboring  node.  Al though  th is  state  is  
“ l i nk up”  status  i n  I SO/I EC  8802-3,  the  node  shou ld  not communicate  by any frames  
except the  RHE  frame to  the  neighboring  node.   

– Port_Linkup:  The  node  can  communicate  using  any I SO/I EC 8802-3  frame to  the  
ne ighboring  node.   

7. 2. 3.1 . 1  State  m ach i n e  RH E_SM -A 

Figure  1 0  shows  the  s tate  d iagram  of RHE_SM-A,  and  Table  21  i s  state  tab le  of port A.   
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Figure 1 0  – State  transi tion  d iagram  of RHE_SM-A  

No_Neighborhood Wait_Linkup Port_Linkup

Power-ON or Reset

#1

#2

#3, 4, 5  

#6  

#7

#8, 9, 10, 1 1  

#12  
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Table  21  – Tran si tion s  of RH E_SM -A at RCL commu n i cation   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any s tates  Power-ON  or Reset  

=>  

V(PA_STATUS)  =  NNB  

V(PA_NBST_LKST)  =  NNB  

V(PA_NBST_NDST)  =  I SL  

V(PA_NBST_RCLADD)  =  0  

C(PA_RHE_LKUP)  =  0  

V(PA_RHE_RxSeq )  =  0  

C(PA_RHE_RxCK)  =  0  

START_TIMER(T(PA_RHE_TIME),  

V(PA_RHE_CYCLE))  

No_Nei ghborhood  

2  No_Nei ghborhood  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  A 

=>  

V(PA_STATUS)  =  WLU  

C(PA_RHE_LKUP)  =  1  

C(PA_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PA_NBST_RCLADD)  =  S_add   

V(PA_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Wai t_Li nkup  

3  Wai t_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  A &&  

(V(PA_NBST_RCLADD)  ! =  S_add  | |   

(V(PA_RHE_RxSeq)+1 )  ! =  RHE_Seq)   

=>  

C(PA_RHE_LKUP)  =  1  

C(PA_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PA_NBST_RCLADD)  =  S_add  

V(PA_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Wai t_Li nkup  

4  Wai t_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  A &&  

V(PA_NBST_RCLADD)  ==  S_add  &&  

V(PA_RHE_RxSeq )+1  ==  RHE_Seq   

=>  

C(PA_RHE_LKUP)++  

C(PA_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PA_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Wai t_Li nkup  

5  Wai t_Linkup  EXPIRED_TIMER(T(PA_RHE_TIME))  ==  “True”  

=>  

C(PA_RHE_RxCK)--  

Wai t_Li nkup  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

6  Wai t_Linkup  /C(PA_RHE_RxCK)  ==  0  

=>  

V(PA_STATUS)  =  NNB  

C(PA_RHE_LKUP)  =  0  

V(PA_NBST_RCLADD)  =  0  

V(PA_RHE_RxSeq )  =  0  

V(PA_NBST_LKST)  =  NNB  

V(PA_NBST_NDST)  =  I SL  

No_Nei ghborhood  

7  Wai t_Linkup  /C(PA_RHE_LKUP)  ==  P(RHE_LKUP_NUM)  

=>  

V(PA_STATUS)  =  PLU  

C(PA_Rx-RHE_NotMatch)  =  0  

V(PA_NBST_LKST)  =  UPDATE_LKST(DLSDU)  

V(PA_NBST_NDST)  =  UPDATE_NDST(DLSDU)  

Port_Linkup  

8  Port_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  A &&  

V(PA_NBST_RCLADD)  ! =  S_add   

=>  

C(PA_Rx-RHE_NotMatch)++  

Port_Linkup  

9  Port_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  A &&  

V(PA_NBST_RCLADD)  ! =  S_add  && C(PA_Rx-
RHE_NotMatch )  >=  1   

=>  

C(PA_Rx-RHE_NotMatch)++  

C(PA_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PA_NBST_RCLADD)  =  S_add  

V(PA_NBST_LKST)  =  UPDATE_LKST(DLSDU)  

V(PA_NBST_NDST)  =  UPDATE_NDST(DLSDU)  

V(PA_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Port_Linkup  

1 0  Port_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  A &&  

 V(PA_NBST_RCLADD)  ==  S_add   

=>  

C(PA_Rx-RHE_NotMatch)  =  0  

C(PA_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PA_NBST_LKST)  =  UPDATE_LKST(DLSDU)  

V(PA_NBST_NDST)  =  UPDATE_NDST(DLSDU)  

V(PA_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU)  

Port_Linkup  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 1  Port_Linkup  EXPIRED_TIMER(T(PA_RHEcycle))  ==  “True”  

=>  

C(PA_RHE_RxCK)--  

Port_Linkup  

1 2  Port_Linkup  /C(PA_RHE_RxCK)  ==  0  

=>  

V(PA_STATUS)  =  NNB  

C(PA_RHE_LKUP)  =  0  

V(PA_NBST_RCLADD)  =  0  

V(PA_RHE_RxSeq )  =  0  

V(PA_NBST_LKST)  =  NNB  

V(PA_NBST_NDST)  =  I SL  

No_Nei ghborhood  

 

7.2.3. 1 .2  State  machine  RHE_SM-B  

Figu re  1 1  shows  the  s tate  d iagram  of RHE_SM-B,  and  Table  22  is  state  table  of port B .  

 

Figure 1 1  – State  transi tion  d iagram  of RHE_SM-B  

No_Neighborhood Wait_Linkup Port_Linkup

Power-ON or Reset

#1

#2

#3, 4, 5  

#6  

#7

#8, 10, 11  

#12  

#9
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Table  22  – Tran si tion s  of RH E_SM -B at RCL commu n i cation   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any s tates  Power-ON  or Reset  

=>  

V(PB_STATUS)  =  NNB  

V(PB_NBST_LKST)  =  NNB  

V(PB_NBST_NDST)  =  I SL  

V(PB_NBST_RCLADD)  =  0  

C(PB_RHE_LKUP)  =  0  

V(PB_RHE_RxSeq )  =  0  

C(PB_RHE_RxCK)  =  0  

START_TIMER(T(PB_RHE_TIME),  

V(PB_RHE_CYCLE))  

No_Nei ghborhood  

2  No_Nei ghborhood  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  B  

=>  

V(PB_STATUS)  =  WLU  

C(PB_RHE_LKUP)  =  1  

C(PB_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PB_NBST_RCLADD)  =  S_add   

V(PB_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Wai t_Li nkup  

3  Wai t_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  B  &&  

(V(PB_NBST_RCLADD)  ! =  S_add  | |   

V(PB_RHE_RxSeq )+1  ! =  RHE_Seq )   

=>  

C(PB_RHE_LKUP)  =  1  

C(PB_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PB_NBST_RCLADD)  =  S_add  

V(PB_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Wai t_Li nkup  

4  Wai t_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  B  &&  

V(PB_NBST_RCLADD)  ==  S_add  &&  

V(PB_RHE_RxSeq )+1  ==  RHE_Seq   

=>  

C(PB_RHE_LKUP)++  

C(PB_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PB_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU)  

Wai t_Li nkup  

5  Wai t_Linkup  EXPIRED_TIMER(T(PB_RHE_TIME))  ==  “True”  

=>  

C(PB_RHE_RxCK)--  

Wai t_Li nkup  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

6  Wai t_Linkup  /C(PB_RHE_RxCK)  ==  0  

=>  

V(PB_STATUS)  =  NNB  

C(PB_RHE_LKUP)  =  0  

V(PB_NBST_RCLADD)  =  0  

V(PB_RHE_RxSeq )  =  0  

V(PA_NBST_LKST)  =  NNB  

V(PA_NBST_NDST)  =  I SL  

No_Nei ghborhood  

7  Wai t_Linkup  /C(PB_RHE_LKUP)  ==  P(RHE_LKUP_NUM)  

=>  

V(PB_STATUS)  =  PLU  

C(PB_Rx-RHE_NotMatch)  =  0  

V(PB_NBST_LKST)  =  UPDATE_LKST(DLSDU)  

V(PB_NBST_NDST)  =  UPDATE_NDST(DLSDU)  

Port_Linkup  

8  Port_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  B  &&  

V(PB_NBST_RCLADD)  ! =  S_add   

=>  

C(PB_Rx-RHE_NotMatch)++  

Port_Linkup  

9  Port_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  B  &&  

V(PA_NBST_RCLADD)  ! =  S_add  && C(PA_Rx-
RHE_NotMatch )  >=  1   

=>  

C(PB_Rx-RHE_NotMatch)++  

C(PB_RHE_LKUP)  =  1  

C(PB_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PB_NBST_RCLADD)  =  S_add  

V(PB_NBST_LKST)  =  UPDATE_LKST(DLSDU)  

V(PB_NBST_NDST)  =  UPDATE_NDST(DLSDU)  

V(PB_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Wai t_Li nkup  

1 0  Port_Linkup  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

/RCL_type  ==  RHE  && Rx_port  ==  B  &&  

 V(NBST_RCLADD)  ==  S_add   

=>  

C(PB_Rx-RHE_NotMatch)  =  0  

C(PB_RHE_RxCK)  =  P(RHE_RxCK_NUM)  

V(PB_NBST_LKST)  =  UPDATE_LKST(DLSDU)  

V(PB_NBST_NDST)  =  UPDATE_NDST(DLSDU)  

V(PB_RHE_RxSeq )  =  UPDATE_RHESeq(DLSDU )  

Port_Linkup  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 1  Port_Linkup  EXPIRED_TIMER(T(PB_RHEcycle))  ==  “True”  

=>  

C(PB_RHE_RxCK)--  

Port_Linkup  

1 2  Port_Linkup  /C(PB_RHE_RxCK)  ==  0  

=>  

V(PB_STATUS)  =  NNB  

C(PB_RHE_LKUP)  =  0  

V(PB_NBST_RCLADD)  =  0  

V(PB_RHE_RxSeq )  =  0  

V(PA_NBST_LKST)  =  NNB  

V(PA_NBST_NDST)  =  I SL  

No_Nei ghborhood  

 

7.2.3.2  RCL  node  status  state  mach ine  (RCLNode_SM)  

The RCLNode_SM  selects  an  Edge-A node  and  an  Edge-B  node  in  the  network.  Al l  of the  
nodes  i n  Type  25  network use  th is  state  mach ine  to  decide  the  s tatus  of the ir own  node.   

The  node  controls  the  l i nk status  of ports  by RCL_SM-A and  RCL_SM-B.  The  RCLNode_SM  
uses  these  l i nk status  and  in forms to  other nodes  i n  the  network by RCL  frames.  Al l  nodes  in  
the  network select an  Edge-A node  and  an  Edge-B  node  us ing  th is  state  mach ine.  Th is  state  
mach ine  has  the  fol lowing  s tates.   

– Node_ISL:  I solated  node  state,  the  port A and  B  are  b locked .   

– Edge-A_PLD:  Edge-A phys ical  l i nk down  state.  At  the  state,  the  node  is  the  Edge-A node,  
the  port A i s  l i nk up,  and  the  port B  i s  b locked  due  to  phys ical  factor (e. g .  not connected  to  
the  cable) .   

– Edge-A_LLD:  Edge-B  l og ical  l i nk down  state.  At  the  s tate,  the  node  is  the  Edge-A node,  
the  port  A i s  l i nk up,  the  port B  i s  b locked ,  and  the  ri ng  network is  normal .   

– Edge-B_PLD:  Edge-B  phys ical  l i nk down  state.   

– Edge-B_LLD:  Edge-B  l og ical  l i nk down  state.   

– Node_ITM:  I n termed iate  node  s tate.  The  port A and  B  are  l i nk up.   

F igu re  1 2  and  Table  23  show the  state  d iagram  and  the  state  table  of RCLNode_SM.  
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Figure 1 2  – The  state  d iagram  of RCLNode_SM   
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Table  23  – Tran si tion s  of RCLN od e_SM  at  RCL  comm u n i cati on   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any states  Power-ON  or Reset  

=>  

Node_ST =  I SL  

PortA_ST =  PLD  

PortB_ST =  PLD  

RCL_I nd type  =  LCN  

RCL_STOP. ind {RCL_I nd type}  

BLKport  =  A  

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

BLKport  =  B  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST. i nd{Node_ST,PortA_ST,PortB_ST}  

Node_ISL  

2  Node_ISL  /V(PA_STATUS)  ==  PLU  

=>  

Node_ST =  EGA 

PortA_ST =  LLU  

BLKport  =  A  

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST. i nd{Node_ST,PortA_ST,PortB_ST}  

Edge-A_PLD  

3  Node_ISL  /V(PB_STATUS)  ==  PLU   

 V(PB_NBST_NDST)  ! =  I SL 

=>  

Node_ST =  EGB  

PortB_ST =  LLU  

BLKport  =  B  

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST. i nd{Node_ST,PortA_ST,PortB_ST}  

Edge-B_PLD  

4  Edge-A_PLD  /V(PA_STATUS)  ==  (NNB  | |  WLU)  

=>  

RCL_I nd type  =  LCN  

RCL_STOP. ind {RCL_I nd type}  

Node_ST =  I SL  

PortA_ST =  PLD  

BLKport  =  A 

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Node_ISL  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

5  Edge-A_PLD  /V(PB_STATUS)  ==  PLU  

=>  

RCL_I nd type  =  LCN  

RCL_STOP. ind {RCL_I nd type}  

C(Rx_Counter)  =  0  

RCL_I nd type  =  LCC  

RCL_I ndDA =  Brdcast  

RCL_I ndPri  =  N ormal  

RCL_I ndPort  =  Both  

RCL_START. ind{RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

PortB_ST =  LLD  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Edge-A_LLD  

6  Edge-A_PLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LCC  

=>  

RCL_I nd type  =  LCA 

RCL_I ndDA =  S_add  

RCL_I ndPri  =  RCL_pri  

RCL_I ndPort  =  Rx_port  

RCL_START. ind {RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

Edge-A_PLD  

7  Edge-A_PLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LNA && 

 D_add  ==  MyS_add  

=>  

RCL_I nd type  =  LCN  

RCL_STOP. ind {RCL_I nd type}  

Edge-A_PLD  

8  Edge-A_LLD  /V(PA_STATUS)  ==  (NNB  | |  WLU)  

=>  

RCL_I nd type  =  LCC  

RCL_STOP. ind {RCL_I nd type}  

Node_ST =  EGB  

PortA_ST =  PLD  

BLKport  =  A 

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

BLKport  =  B  

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Edge-B_PLD  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

9  Edge-A_LLD  /V(PB_STATUS)  ==  (NNB  | |  WLU)  

=>  

RCL_I nd type  =  LCC  

RCL_STOP. ind {RCL_I nd type}  

RCL_I nd type  =  LCN  

RCL_I ndDA =  Brdcast  

RCL_I ndPri  =  V(LCN_Pri )  

RCL_I ndPort  =  PortA 

RCL_START. ind{RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

PortB_ST =  PLD  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Edge-A_PLD  

1 0  Edge-A_LLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LCC && 

RCL_I ndPri  <  RCL_Pri  

=>  

RCL_I nd type  =  LCC  

RCL_STOP. ind {RCL_I nd type}  

C(Rx_Counter)  =  0  

RCL_I ndDA =  Brdcast  

RCL_I ndPri  =  Normal  

RCL_I ndPort  =  Both  

RCL_START. ind {RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

Edge-A_LLD  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 1  Edge-A_LLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LCC &&  

 RCL_I ndPri  >  RCL_Pri  

=>  

RCL_I nd type  =  LCA 

RCL_I ndDA =  S_add  

RCL_I ndPri  =  RCL_pri  

RCL_I ndPort  =  Rx_port  

RCL_START. ind {RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

RCL_I nd type  =  LCC  

RCL_STOP. ind {RCL_I nd type}  

C(Rx_Counter)  =  0  

RCL_I nd type  =  LCC  

RCL_I ndDA =  Brdcast  

RCL_I ndPri  =  Normal  

RCL_I ndPort  =  Both  

RCL_START. ind {RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

Edge-A_LLD  

1 2  Edge-A_LLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LCC &&  

 RCL_I ndPri  ==  RCL_Pri  

=>  

C(Rx_Counter)++  

Edge-A_LLD  

1 3  Edge-A_LLD  /C(Rx_Counter)  >=  P(LCC_STOP_NUM)  

=>  

C(Rx_Counter)  =  0  

RCL_I nd type  =  LCC  

RCL_STOP. ind {RCL_I nd type}  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Edge-A_LLD  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 4  Edge-A_LLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LCA && 

 D_add  ==  MyS_add  

=>  

RCL_I nd type  =  LCC  

RCL_STOP. ind {RCL_I nd type}  

BLKport  =  B  

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST =  I TM  

PortB_ST =  LLU  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Node_I TM  

1 5  Edge-A_LLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LCN  

=>  

RCL_I nd type  =  LCC  

RCL_STOP. ind {RCL_I nd type}  

BLKport  =  B  

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST =  I TM  

PortB_ST =  LLU  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Node_I TM  

1 6  Edge-B_PLD  /V(PA_STATUS)  ==  PLU  && 

 V(PA_NBST_NDST)  ==  EGA 

=>  

PortA_ST =  LLD  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Edge-B_LLD  

1 7  Edge-B_PLD  /V(PA_STATUS)  ==  PLU  && 

 V(PA_NBST_NDST)  ==  (EGB  | |  I TM)  

=>  

BLKport  =  A 

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST =  I TM  

PortA_ST =  LLU  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Node_I TM  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 8  Edge-B_PLD  /V(PB_STATUS)  ==  (NNB  | |  WLU)  

=>  

RCL_I nd type  =  LCN  

RCL_STOP. ind {RCL_I nd type}  

BLKport  =  B  

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST =  I SL  

PortB_ST =  PLD  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Node_ISL  

1 9  Edge-B_PLD  RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            RCL_type,RCL_Pri ,DLSDU}  

/RCL_type  ==  LCN  

=>  

RCL_I nd type  =  LNA 

RCL_I ndDA =  S_add  

RCL_I ndPri  =  V(LNA_Pri )  

RCL_I ndPort  =  PortB  

RCL_START. ind {RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

Edge-B_PLD  

20  Edge-B_LLD  /V(PA_STATUS)  ==  (NNB  | |  WLU)  

=>  

PortA_ST =  PLD  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Edge-B_PLD  

21  Edge-B_LLD  /V(PA_STATUS)  ==  PLU  && 

 V(PA_NBST_NDST)  ==  (EGB  | |  I TM)  

=>  

BLKport  =  A 

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST =  I TM  

PortA_ST =  LLU  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Node_I TM  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

22  Edge-B_LLD  /V(PB_STATUS)  ==  (NNB  | |  WLU)  

=>  

BLKport  =  B  

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

BLKport  =  A 

B locking  =  Fal se  

RCLC-SetPT. req{BLKport, B locking}  

RCL_I nd type  =  LCN  

RCL_I ndDA =  Brdcast  

RCL_I ndPri  =  V(LCN_pri )  

RCL_I ndPort  =  PortA 

RCL_START. ind{RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri }  

Node_ST =  EGA 

PortA_ST =  LLU  

PortB_ST =  PLD  

Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Edge-A_PLD  

23  Node_ITM  /V(PA_STATUS)  ==  (NNB  | |  WLU)  

=>  

BLKport  =  A  

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST =  EGB  

PortA_ST =  PLD  

Node_ST. i nd{Node_ST,PortA_ST,PortB_ST}  

Edge-B_PLD  

24  Node_ITM  /V(PA_STATUS)  ==  PLU  && 

 V(PA_NBST_NDST)  ==  EGA 

=>  

BLKport  =  A  

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

Node_ST =  EGB  

PortB_ST =  LLD  

Node_ST. i nd{Node_ST,PortA_ST,PortB_ST}  

Edge-B_LLD  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

25  Node_ITM  /V(PB_STATUS)  ==  (NNB  | |  WLU)  

=>  

BLKport  =  B  

B locking  =  True  

RCLC-SetPT. req{BLKport, B locking}  

RCL_I nd type  =  LCN  

RCL_I ndDA =  Brdcast  

RCL_I ndPri  =  V(LCN_pri )  

RCL_I ndPort  =  PortA 

RCL_START. ind{RCL_I nd type,RCL_I ndDA,  

              RCL_I ndPri ,RCL_I ndPort}  

Node_ST =  EGA 

PortB_ST =  PLD  

Node_ST. i nd{Node_ST,PortA_ST,PortB_ST}  

Edge-A_PLD  

 

7.2.3.3  RCL  Transmit  Receive  state  machine  (RCLTR_SM)  

The RCLTR_SM  performs trans i t  functions  between  the  DLS-user and  the  TRC.   

F igu re  1 3  shows  the  s tate  d iagram  of RCLT_SM,  and  Table  24  i s  s tate  table  of RCLTR_SM.   

 

Figure 1 3  – The  state  d iagram  of RCLTR_SM   

Ready

Power-ON or Reset

#1

#2, 3, 4, 5, 6
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Tabl e  24 – Tran si ti on s  of RCLTR_SM  at  RCL commu n i cation  

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any state  Power-ON  or Reset  

=>  

Ready 

2  Ready DL-RCL. req {S_add ,PortNum ,Frame_pri ,  

           RCL_type,DLSDU}  

/RCL_type  ==  RHE  &&  

CHK_TRCST()  ==  “True”  

=>  

S tatus  =  “Success”  

D_add  =  Class1 _address  

Tx_port  =  PortNum  

RCLC-Tx. req {D_add ,S_add ,Tx_port,  

            Frame_pri ,RCL_type,DLSDU}  

DL-RCL. cnf{Status}  

Ready 

3  Ready DL-RCL. req {S_add ,PortNum ,Frame_pri ,  

           RCL_type,DLSDU}  

/RCL_type  ==  RHE  &&  

CHK_TRCST()  ! =  “True”  

=>  

S tatus  =  “Fai l u re”  

DL-RCL. cnf{Status}  

Ready 

4  Ready DL-RCL. req {S_add ,PortNum ,Frame_pri ,  

           RCL_type,DLSDU}  

/RCL_type  ==  (  LCC | |  LCA | |  LCN  | |   

LNA | |  SCR )  &&  

 CHK_TRCST()  ==  “True”  

=>  

S tatus  =  “Success”  

D_add  =  Class2_address  

Tx_port  =  PortNum  

RCLC-Tx. req {D_add ,S_add , Tx_port,  

            Frame_pri ,RCL_type,DLSDU}  

DL-RCL. cnf{Status}  

Ready 

5  Ready DL-RCL. req {S_add ,PortNum ,Frame_pri ,  

           RCL_type,DLSDU}  

/RCL_type  ==  (  LCC | |  LCA | |  LCN  | |   

LNA | |  SCR )   

            && CHK_TRCST()  ! =  “True”  

=>  

S tatus  =  “Fai l u re”  

DL-RCL. cnf{Status}  

Ready 

6  Ready RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_Pri ,RCL_type, DLSDU}  

=>  

PortNum  =  Rx_port  

DL-RCL. i nd {S_add ,PortNum ,Frame_pri ,  

           RCL_type,DLSDU}  

Ready 
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7. 2. 4  Fu n cti on  of RCLC  

Al l  the  functions  used  by the  RCLC are  summarized  i n  Table  25.   

Table  25  – RCLC fu n cti on  tabl e   

Fu n cti on  n am e  I n pu t  Ou tpu t  Des cri pti on  an d  operati on  

UPDATE_LKST DLSDU  Link Status  

(NNB/WLU/PLU)  

Retu rn  l i nk status  of the  ne ighboring  
node.  The  l i nk s tatus  i s  i ncl uded  i n  the  
recei ved  DLSDU.   

UPDATE_NDST DLSDU  Node  Status  

(EGA/EGB/I TM)  

Retu rn  node  status  of the  neighboring  
node.  The  node  status  i ncl uded  i n  the  
recei ved  DLSDU.   

UPDATE_RHESeq  DLSDU  0x00000000   

~  

0xFFFFFFFF  

Retu rn  4  bytes  of sequence  number 
con tained  i n  DLSDU.  

START_TIMER TIM_ID,  Val  (<none>)  Timer TIM_ID  i s  set  by val ue  of Val  and  
acti vated .   

EXPIRED_TIMER TIM_ID  True/False  When  the  requested  timer TIM_ID  has  
exp i red ,  “True”  i s  retu rned ,  otherwise  
Fal se  i s  retu rned  

CHK_TRCST (<none>)  True/False  Retu rn  status  of TRC.  I f TRC i s  able  to  
send  the  frame  due  to  absence  of other 
frames  i n  transm i t  bu ffer,  i t  retu rns  
“True, ”  otherwise  retu rns  “Fal se. ”   

 

7. 3  Real -tim e  comm u n i cati on  con trol  (RTC)  

7. 3. 1  G en eral  

The RTC provides  to  send  and  receive  the  cycl ic,  control ,  and  i n formation  commun ication  
frames.   

7. 3. 2  Pri miti ve  defin i ti on s  

7. 3. 2 . 1  Pri miti ve  defin i ti on s  between  RTC an d  DLS-u ser 

Table  26  summarizes  a l l  prim i ti ves  exchanged  between  the  RTC and  the  DLS-user.  

Tabl e  26  – Th e prim itives  an d  param eters  for DLS-u ser i n terface   

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Des cri pti on  

DL-RTC. req  DLS-user ( i n  D_add ,   

S_add ,   

Frame_pri ,   

DLSDU)   

Transm i t  a  RT frame from  the  DLS-user.  
The  RT frame  i s  carried  to  TRC wi th  
associated  parameters .   

DL-RTC.cnf RTC  (ou t   S tatus)   Respond  to  complete  DLSDU  
transm iss ion  and  report  the  s tatus  to  
DLS-user.   

DL-RTC. i nd  RTC  (ou t  D_add ,   

S_add ,   

Frame_pri ,  

DLSDU)   

Carri es  forward  a  recei ved  RT frame to  
the  DLS-user.  
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The  parameters  used  wi th  the  prim i ti ves  exchange between  the  RTC and  the  DLS-user are  
described  in  Table  27.   

Tabl e  27  – Param eters  u sed  with  pri miti ves   
exch an g ed  between  RTC an d  DLS-u ser  

Param eter n am e  Descri pti on  

D_add  The  D_add  parameter speci fi es  the  DL-address  of the  subscriber.  

S_add  The  S_add  parameter speci fi es  the  DL-add ress  of the  publ i sher.  

Frame_pri  Th i s  parameter speci fi es  the  priori ty wi th  VLAN  of the  ri ng  network.  

DLSDU  Th is  parameter speci fi es  the  i n formation  of the  RT frame.  

Status  Th i s  parameter a l l ows  DLMS-user to  determ ine  whether the  requested  

DLS  was  provi ded  successfu l l y,  or fa i l ed  d ue  to  a  parti cu lar reason .  The  va l ue  
conveyed  i n  th i s  parameter i s  as  fol l ows:  

”OK – successfu l l y completed” ;  

“Fai l u re  – term inated  before  completi on ”  

 

7. 3. 2 . 2  Pri miti ve  defin i ti on s  between  RTC an d  TRC  

Table  28  summarizes  a l l  prim i ti ves  exchanged  between  the  RTC and  the  TRC.  

Table  28  – Th e pri m iti ves  an d  param eters  for TRC  in terface  

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Des cri pti on  

RTC-Tx. req  RTC  D_add ,   

S_add ,   

Tx_port  

Frame_pri ,  

DLSDU  

Transm i t  a  RT frame  to  
TRC wi th  associated  
parameters.  The  RTC 
attaches  the  Tx_port  
“Both ”  parameter.    

RTC-Rx. i nd  TRC D_add ,   

S_add ,   

Rx_port,    

Frame_pri ,  

DLSDU  

Carri es  forward  a  
recei ved  RT frame from  
the  TRC.   

 

The parameters  used  wi th  the  prim i ti ves  exchange between  the  RTC and  the  TRC are  
described  inTable  29.   

Table  29  – Param eters  u sed  wi th  pri mi tives   
exch an g ed  between  RTC an d  TRC  

Param eter n am e  Des cri pti on  

D_add  The  D_add  parameter speci fi es  the  DL-address  of the  subscriber.  

S_add  The  S_add  parameter speci fi es  the  DL-add ress  of the  publ i sher.  

Tx_port  Th i s  parameter speci fi es  the  transm i t  port  of the  publ i sher.  

Rx_port  Th i s  parameter speci fi es  the  receive  port  of the  publ i sher.  

Frame_pri  Th i s  parameter speci fi es  the  priori ty wi th  VLAN  of the  ri ng  network.  

DLSDU  Th is  parameter speci fi es  the  i n formation  of the  RT frame.  

 

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-4-25  © I EC  201 5  – 81  –  

7. 3. 2 .3  Pri mi ti ve  defi n i ti on s  between  RTC an d  DLM  

Table  30  summarizes  a l l  prim i ti ves  exchanged  between  the  RTC and  the  DLM.  

Table  30  – Th e  pri m itives  an d  param eters  for DLM  in terface   

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Des cri pti on  

RTC-Reset. i nd  DLM  (none)  I nd icates  a  reset  of the  
RTC from  the  DLS-user 

RTC-Event. i nd  RTC  DLM_event i d en ti fi er,   

Add i ti onal_in formation  

Th i s  service  i s  used  to  
i n form  the  DLM  about  
certain  events  or errors  i n  
the  DLL  

 

The parameters  used  wi th  the  prim i tives  exchange  between  the  RTC and  the  DLM  are  
described  in  Table  31 .   

Table  31  – Param eters  u sed  with  pri mitives   
exch an g ed  between  RTC an d  DLM   

Param eter n am e  Descri pti on  

DLM_event i d en ti fi er Th i s  parameter speci fi es  the  prim i ti ve  or composi te  event  wi th i n  the  DLE  whose  
occurrence  i s  be ing  announced .  

Add i ti onal_in formation  Th i s  optional  parameter provi des  event-speci fi c  add i ti onal  i n formation .   

 

7. 3. 3  RTC  state  m ach in e  

7. 3. 3. 1  RT Tran sm it Recei ve state  m ach i n e  (RTTR_SM )  

The RTTR_SM  perform  transi t functions  between  the  DLS-user and  the  TRC.  

F igure  1 4  shows  the  state  d iagram  of RTTR_SM,  and  Table  32  i s  s tate  table  of RTTR_SM.   

 

Fi gu re  1 4 – Th e  state  d i ag ram  of RTTR_SM   

Ready

Power-ON or Reset

#1

#2, 3, 4
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Table  32  – Tran si ti on s  of RTTR_SM  at RT com mu n i cati on   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any state  Power-ON  or Reset  

=>  

Ready 

2  Ready DL-RTC. req{D_add ,S_add , Frame_pri ,DLSDU}  

/CHK_TRCST()  ==  “True”  

=>  

Status  =  “Success”  

Tx_port  =  Both  

RTC-Tx. req {D_add ,S_add ,Tx_port,  

            F rame_pri ,RCL_type,DLSDU}  

DL-RTC. cnf{Status}  

Ready 

3  Ready DL-RTC. req{D_add ,S_add , Frame_pri ,DLSDU}  

/CHK_TRCST()  ! =  “True”  

=>  

Status  =  “Fai l u re”  

DL-RTC.cnf{Status}  

Ready 

4  Ready RTC-Rx. i nd{D_add ,S_add ,Rx_port,  

           Frame_Pri ,DLSDU}  

=>  

DL-RTC. i nd {D_add ,S_add , Frame_pri ,DLSDU}  

Ready 

 

7. 3. 4  Fu n cti on  of RTC  

Al l  the  functions  used  by the  RTC are  summarized  i n  Table  33 .   

Table  33  – RTC  fu n cti on  tabl e   

Fu n cti on  n am e  I n pu t  Ou tpu t  Des cri pti on  an d  
operati on  

CHK_TRCST (<none>)  True/False  Retu rns  status  of TRC.   I f 
TRC i s  ab le  to  send  the  
frame due  to  wi thout  
other frames  i n  transm i t  
bu ffer,  i t  retu rns  “True, ”  
otherwise  retu rns  “Fal se. ”   

 

7. 4  Tran sm it/Receive con trol  (TRC)  

7. 4. 1  G en eral  

The TRC provides  the  fol l owing  functions :  

– Send  and  receive  a l l  the  frames  i n  Type  25  network;   

– Control  the  port s tatus  at  the  i nstruction  of RCLC and  i n form   the  port  status  to  the  RCLC;   

– Trans i t  the  received  frames  from  a  port to  another port.   
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7. 4. 2  Pri miti ve  defi n i ti on s  

7. 4. 2 .1  Pri mi ti ve  defi n i ti on s  between  TRC an d  DLM  

Table  34  summarizes  a l l  prim i ti ves  exchanged  between  the  TRC and  the  DLM.  

Table  34 – Th e prim i tives  an d  param eters  for DLM  in terface   

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Des cri pti on  

TRC-Reset. i nd  DLM  (none)  I nd icates  a  reset  of the  
TRC from  the  DLS-user 

TRC-Event. i nd  TRC DLM_event i d en ti fi er,   

Add i ti onal_in formation  

Th i s  service  i s  used  to  
i n form  the  DLM  about  
certain  events  or errors  i n  
the  DLL  

 

The parameters  used  wi th  the  prim i tives  exchange  between  the  TRC and  the  DLM  are  
described  in  Table  35.   

Table  35  – Param eters  u sed  with  pri mitives   
exch an g ed  between  TRC an d  DLM   

Param eter n am e  Descri pti on  

DLM_event i d en ti fi er Th i s  parameter speci fi es  the  prim i ti ve  or composi te  event  wi th i n  the  DLE  whose  
occurrence  i s  be ing  announced .  

Add i ti onal_in formation  Th i s  optional  parameter provi des  event-speci fi c  add i ti onal  i n formation .   

 

7. 4. 3  TRC state  m ach in e  

7. 4. 3. 1  TRC state  m ach in e  (TRC_SM )  

The TRC_SM  con trols  whether to  send  or to  receive  the  RCL and  RT frames  accord ing  to  the  
bas is  of b l ocking  status  determ ined  by RCLC.  The  TRC_SM  ind icates  the  port status  to  the  
RCLC.   

F i gure  1 5  shows  the  state  d iagram  of TRC_SM,  and  Table  36  i s  state  table  of TRC_SM.   

 

Fig u re 1 5 – Th e  state  d i ag ram  of TRC_SM   

Ready

Power-ON or Reset

#1

#2~20
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Table  36  – Tran si tion s  of TRC_SM   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any s tate  Power-ON  or Reset  

=>  

V(PA_Blocking )  =  True  

V(PB_Blocking )  =  True  

Ready 

2  Ready RCLC-SetPT. req {BLKport, B locking}  

/BLKport  ==  A  

=>  

V(PA_Blocking )  =  B locking  

Ready 

3  Ready RCLC-SetPT. req {BLKport, B locking}  

/BLKport  ==  B  

=>  

V(PB_Blocking )  =  B locking  

Ready 

4  Ready Phs-A_Data. i nd{D_add ,S_add ,  

Frame_pri ,DLSDU}  

/D_add  ==  Class1 frame 

=>  

Rx_port  =  A 

RCL_type  =  GET_RCLTYPE(DLSDU)  

RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

Ready 

5  Ready Phs-B_Data. i nd{D_add ,S_add ,  

Frame_pri ,DLSDU}  

/D_add  ==  Class1 frame 

=>  

Rx_port  =  B  

RCL_type  =  GET_RCLTYPE(DLSDU)  

RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

Ready 

6  Ready Phs-A_Data. i nd{D_add ,S_add ,  

Frame_pri ,DLSDU}  

/D_add  ==  Class2frame && 

 ! (V(PA_Blocking)  ==  True  &&  

   V(PB_Blocking)  ==  True)  

=>  

Rx_port  =  A 

RCL_type  =  GET_RCLTYPE(DLSDU )  

RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            F rame_pri ,RCL_type,DLSDU}  

I F(V(PA_Blocking )  ==  True  | |   

   V(PB_Blocking)  ==  Fal se)  THEN  

   Pu t_Queue-B(D_add ,S_add , Frame_pri ,  

               DLSDU)  

ENDIF  

Ready 
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

7  Ready Phs-B_Data. i nd{D_add ,S_add ,  

Frame_pri ,DLSDU}  

/D_add  ==  Class2frame && 

 ! (V(PA_Blocking)  ==  True  &&  

   V(PB_Blocking)  ==  True)  

=>  

Rx_port  =  B  

RCL_type  =  GET_RCLTYPE(DLSDU)  

RCLC-Rx. i nd {D_add ,S_add ,Rx_port,  

            Frame_pri ,RCL_type,DLSDU}  

I F(V(PA_Blocking )  ==  True  | |   

   V(PB_Blocking)  ==  Fal se)  THEN  

   Pu t_Queue-A(D_add ,S_add , Frame_pri ,  

DLSDU)  

ENDIF  

Ready 

8  Ready Phs-A_Data. i nd{D_add ,S_add ,  

Frame_pri ,DLSDU}  

/D_add  ! =  Class1 frame &&  

 D_add  ! =  Class2frame  &&  

 V(PA_Blocking)  ==  Fal se  

=>  

Rx_port  =  A 

RLC-Rx. i nd{D_add ,S_add ,Rx_port,  

           Frame_pri , DLSDU}  

I F(V(PB_Blocking )  ==  Fal se)  THEN  

   Pu t_Queue-B(D_add ,S_add , Frame_pri ,  

DLSDU)  

ENDIF  

Ready 

9  Ready Phs-B_Data. i nd{D_add ,S_add ,  

Frame_pri ,DLSDU}  

/D_add  ! =  Class1 frame &&  

 D_add  ! =  Class2frame  &&  

 V(PB_Blocking)  ==  Fal se  

=>  

Rx_port  =  B  

RLC-Rx. i nd{D_add ,S_add ,Rx_port,  

           Frame_pri , DLSDU}  

I F(V(PA_Blocking )  ==  Fal se)  THEN  

   Pu t_Queue-A(D_add ,S_add , Frame_pri ,  

DLSDU)  

ENDIF  

Ready 
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 0  Ready RCLC-Tx. req {D_add ,S_add ,Tx_port,  

            F rame_pri ,RCL_type,DLSDU}  

/D_add  ==  Class1 frame 

=>  

I F(Tx_port  ==  A)  THEN   

Pu t_Queue-A(D_add ,S_add , Frame_pri ,  

DLSDU)  

ENDIF  

I F(Tx_port  ==  B)  THEN  

PUT_Queue-B(D_add ,S_add , Frame_pri ,  

DLSDU)  

ENDIF  

Ready 

1 1  Ready RCLC-Tx. req {D_add ,S_add ,Tx_port,  

            F rame_pri ,RCL_type,DLSDU}  

/D_add  ==  Class2frame &&  

! (V(PA_Blocking)  ==  True  && 

   V(PB_Blocking)  ==  True)  

=>  

I F(Tx_port  ==  Both  | |  Tx_port  ==  A)  THEN   

Pu t_Queue-A(D_add ,S_add , Frame_pri ,  

DLSDU)  

I F(Tx_port  ==  Both  | |  Tx_port  ==  B)  THEN   

Pu t_Queue-B(D_add ,S_add , Frame_pri ,  

DLSDU)  

Ready 

1 2  Ready RTC-Tx. req {D_add ,S_add , Tx_port,  

           Frame_pri , DLSDU}  

/D_add  ! =  Class1 frame &&  

 D_add  ! =  Class2frame  &&  

 Tx_port  ==  Both   

=>  

I F(V(PA_Blocking )  ==  Fal se)  THEN   

Pu t_Queue-A(D_add ,S_add ,  

Frame_pri ,DLSDU)  

ENDIF  

I F(V(PB_Blocking )  ==  Fal se)  THEN   

Pu t_Queue-B(D_add ,S_add ,  

Frame_pri ,DLSDU)  

ENDIF  

Ready 

1 3  Ready /Queue-A_Check(VLAN_RCL)  ==  True  

=>  

Send_Queuedata-A(VLAN_RCL)  

Ready 

1 4  Ready /Queue-B_Check(VLAN_RCL)  ==  True  

=>  

Send_Queuedata-B(VLAN_RCL)  

Ready 

1 5  Ready /Queue-A_Check(VLAN_CYC)  ==  True  && 

 Queue-A_Check(VLAN_RCL)  ==  Fal se  

=>  

Send_Queuedata-A(VLAN_CYC)  

Ready 
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 6  Ready /Queue-B_Check(VLAN_CYC)  ==  True  && 

 Queue-B_Check(VLAN_RCL)  ==  Fal se  

=>  

Send_Queuedata-B(VLAN_CYC)  

Ready 

1 7  Ready /Queue-A_Check(VLAN_CTL)  ==  True  && 

 Queue-A_Check(VLAN_RCL)  ==  Fal se  &&  

 Queue-A_Check(VLAN_CYC)  ==  Fal se   

=>  

Send_Queuedata-A(VLAN_CTL)  

Ready 

1 8  Ready /Queue-B_Check(VLAN_CTL)  ==  True  && 

 Queue-B_Check(VLAN_RCL)  ==  Fal se  &&  

 Queue-B_Check(VLAN_CYC)  ==  Fal se   

=>  

Send_Queuedata-B(VLAN_CTL)  

Ready 

1 9  Ready /Queue-A_Check(VLAN_INFO)  ==  True  && 

 Queue-A_Check(VLAN_RCL)  ==  Fal se  &&  

 Queue-A_Check(VLAN_CYC)  ==  Fal se  &&  

 Queue-A_Check(VLAN_CTL)  ==  Fal se   

=>  

Send_Queuedata-A(VLAN_I NFO)  

Ready 

20  Ready /Queue-B_Check(VLAN_INFO)  ==  True  && 

 Queue-B_Check(VLAN_RCL)  ==  Fal se  &&  

 Queue-B_Check(VLAN_CYC)  ==  Fal se  &&  

 Queue-B_Check(VLAN_CTL)  ==  Fal se   

=>  

Send_Queuedata-B(VLAN_I NFO)  

Ready 

 

7.4.4  Function  of TRC  

Al l  the  functions  used  by the  TRC are  summarized  i n  Table  37 .  
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Tabl e  37  – TRC  fu n cti on  tabl e   

Fu n cti on  n am e  I n pu t  Ou tpu t  Des cri pti on  an d  operati on  

GET_RCLTYPE  DLSDU  RCL_type  

(RHE/LCC/ 

LCA/LCN/ 

LNA/SCR)  

Retu rns  the  RCL_type  i ncl uded  i n  DLSDU.  

Pu t_Queue-A D_add ,  

S_add ,  

Frame_pri ,  

DLSDU  

(<none>)  Queues  the  i npu t  PDU  i n to  the  port  A transm i t  
Queue  appropriate  to  Frame_pri  on  a  F I FO 
basis .  

Pu t_Queue-B  D_add ,  

S_add ,  

Frame_pri ,  

DLSDU  

(<none>)  Queues  the  i npu t  PDU  i n to  the  port  B  transm i t  
Queue  appropriate  to  Frame_pri  on  a  F I FO 
basis .  

Queue-A_Check Frame_pri  True/False  Retu rns  the  “True”  i f  the  q ueue  of port  A 
speci fi ed  by Frame_pri  i s  not  empty.   

Queue-B_Check Frame_pri  True/False  Retu rns  the  “True”  i f  the  q ueue  of port  B  
speci fi ed  by Frame_pri  i s  not  empty.   

Send_Queudata-A Frame_pri  (<none>)  Dequeue  from  the  queue  of port  A speci fi ed  by 
Frame_pri  on  a  F I FO basis  and  send   the  PDU  
from  the  port  A.   

Send_Queudata-A(Frame_pri )  i s  assembled  as  
fol l ows:  

PortNum  =  PortA 

D_add  =  dequeue_Dadd (PortNum ,  Frame_Pri )  

S_add  =  dequeue_Sadd(PortNum ,  Frame_Pri )  

DLSDU  =  dequeue_data(PortNum ,  Frame_Pri )  

Phs-A_Data. req {D_add ,S_add ,  
Frame_pri ,DLSDU}  

Send_Queudata-B  Frame_pri  (<none>)  Dequeue  from  the  queue  of port  A speci fi ed  by 
Frame_pri  on  a  F I FO basis  and  send   the  PDU  
from  the  port  A.   

Send_Queudata-B(Frame_pri )  i s  assembled  as  
fol l ows:  

PortNum  =  PortB  

D_add  =  queue_Dadd (PortNum ,  Frame_Pri )  

S_add  =  queue_Sadd(PortNum ,  Frame_Pri )  

DLSDU  =  queue_data(PortNum ,  Frame_Pri )  

Phs-B_Data. req {D_add ,S_add ,  
Frame_pri ,DLSDU}  

dequeue_Dadd  PortNum ,  

Frame_Pri  

D_add  Dequeues  the  desti nati on  add ress  from  the  
queue  speci fi ed  by PortNum  and  Frame_Pri  on  
a  F I FO  basi s .   

dequeue_Sadd  PortNum ,  

Frame_Pri  

S_add  Dequeues  the  source  add ress  from  the  queue  
speci fi ed  by PortNum  and  Frame_Pri  on  a  
F I FO basis .   

dequeue_data  PortNum ,  

Frame_Pri  

DLSDU  Dequeues  the  DLSDU  from  the  queue  speci fi ed  
by PortNum  and  Frame_Pri  on  a  F I FO basis .  
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7. 5  DLL m an ag em en t protocol  (DLM )  

7. 5. 1  Overvi ew 

The i n terface  protocol  between  the  DLM  and  the  DLS-user i s  described  in  th is  subclause.  

7. 5. 2  Pri mi tive  defi n i ti on s  

7. 5. 2 .1  Pri mi tive  exch an g ed  between  DLM  an d  DLS-u ser 

Table  38  summarizes  a l l  prim i tives  exchanged  between  the  DLM  and  the  DLS-user.  

Table  38  – Prim i ti ves  exch an g ed  between  DLM  an d  DLS-u ser  

Pri m i ti ve  n am e  Sou rce  As soci ated  param eters  Descri pti on  

DLM_Reset. req  DLS-user (<none>)  Th i s  request prim i ti ve  
causes  DLMS  to  reset the  
DLE  

DLM_Reset. cnf DLM  (ou t   DLM_status)  Th i s  i nd icates  the  status  of 
the  reset 

DLM_Set. req  DLS-user ( i n   Variable-name,   

Des i red -value)  

Th i s  service  i s  used  to  
ass ign  new values  to  the  
variables  of the  DLE  

DLM_Set. cnf DLM  (ou t   DLM_status)  The  DLMS-user recei ves  
confi rmation  that  the  
speci fi ed  variable  has  been  
set  to  the  new value  

DLM_Get. req  DLS-user ( i n   Variable-name)  Th i s  service  i s  used  to  read  
the  val ue  of a  DLE  vari abl e  

DLM_Get. cnf DLM  (ou t   DLM_status ,   

Curren t-val ue)  

Th i s  service  retu rns  the  
actual  val ue  of the  speci fi ed  
variable  

DLM_RCL_STOP. ind  DLM  (ou t  RCL_I nd type)  I nd icates  a  stop  of the  RCL 
frame  to  DLS-user based  on  
the  ri ng  control  s tate  
mach ine.   

DLM_RCL_START. i nd  DLM  (ou t  RCL_I nd type,   

RCL_I ndDA,   

RCL_I ndPri ,  

RCL_I ndPort)  

I nd icates  a  start  of the  RCL 
frame  to  DLS-user based  on  
the  ri ng  con trol  s tate  
mach ine.  

DLM_Node_ST. i nd  DLM  (ou t  Node_ST,   

PortA_ST,   

PortB_ST)  

I nd icates  a  change  of the  
node  or port  s tatus  to  DLS-
user based  on  the  ri ng  
con trol  s tate  mach ine  

DLM_Event. i nd  DLM  (ou t   DLM_event  i d enti fi er,   

Add i ti onal _in formation )  

Th i s  service  i s  used  to  
i n form  the  DLS-user about  
certa in  events  or errors  i n  
the  DLL  

 

The parameters  used  wi th  the  prim i tives  exchanged  between  the  DLM  and  the  DLS-user are  

described  in  Table  39. .  
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Tabl e  39  – Param eters  u sed  with  pri mi tives   
exch an g ed  between  DLM  an d  DLS-u ser  

Param eter n am e  Des cri pti on   

DLM_status  Status  of the  service  execu ti on  

Variable-name  DL  variabl e  name  to  be  addressed  

Des i red -value  DL  desi red  val ue  to  be  set  

Current-val ue  Current  DL  variable  val ue  to  be  read  ou t  

RCL_I nd type  Th is  parameter speci fi es  the  RCL type  of the  requested  RCL frames  for the  DLM  
due  to  the  change  of the  node  status .   

RCL_I ndDA Th is  parameter speci fi es  the  DL-add ress  of the  requested  RCL frames  for the  
DLM  due  to  the  change  of the  node  status.   

RCL_I ndPri  Th i s  parameter speci fi es  the  priori ty wi th  VLAN  of the  requested  RCL frames  for 
the  DLM  due  to  the  change  of the  node  s tatus.  

RCL_I ndPort  Th i s  parameter speci fi es  the  transm iss ion  port  of the  requested  RCL frames  for 
the  DLM  due  to  the  change  of the  node  s tatus.   

Node_ST Th is  parameter con tains  the  node  status  ( I SL/EGA/EGB/I TM)  for the  DLM  due  to  
the  change  of the  node  s tatus.  

PortA_ST Th is  parameter con tains  the  status  of port  A on  own  node  for the  DLM  due  to  the  
change  of the  node  s tatus.  

PortB_ST Th is  parameter con tains  the  status  of port  B  on  own  node  for the  DLM  due  to  the  
change  of the  node  s tatus.  

DLM_event i d en ti fi er Event  i s  being  announced  wi th  rel ated  DL  variab le  and  the  state  changes  

Add i tional _in formation  Optional  parameter to  provi de  even t-speci fi c  add i ti onal  i n formation  

 

7. 5. 3  DLM  state  m ach in e  (DLM _SM )  

Figu re  1 6  shows  the  s tate  d iagram  of DLM_SM,  and  Table  40  is  state  tab le  of DLM_SM.   

 

Figu re 1 6  – Th e  state  d i ag ram  of DLM _SM   

Ready

Power-ON or Reset

#1

#2~12
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Table  40  – Tran si tion s  of DLM _SM   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext state  

1  Any state  Power-ON  or Reset  

=>  

Ready 

2  Ready DLM_Reset. req {}  

=>  

DLM_Status  =  “Success”  

DLM-Reset. cn f{DLM_Status}  

Ready 

3  Ready DLM_Set. req {Variable-name,Desi red-val ue}  

/CHK_Val ue(Variab le-name,Desi red -value)   

 ==  True  

=>  

SET_Value(Variable-name,Des i red-val ue)  

DLM_Status  =  “Success”  

DLM_Set. cnf{DLM_Status}  

Ready 

4  Ready DLM_Set. req {Variable-name,Desi red-val ue}  

/CHK_Val ue(Variab le-name,Desi red -value)   

 ==  Fal se  

=>  

DLM_Status  =  “Fai l u re”  

DLM_Set. cnf{DLM_Status}  

Ready 

5  Ready DLM_Get. req {Vari abl e-name}  

/CHK_VAR(Variab le-name)  ==  True  

=>  

Curren t-val ue  =  GET_Value(Variable-name)  

DLM_Status  =  “Success”  

DLM_Get. cnf{DLM_Status,Cu rren t-val ue}  

Ready 

6  Ready DLM_Get. req {Vari abl e-name}  

/CHK_VAR(Variab le-name)  ==  Fal se  

=>  

Curren t-val ue  =  N I L  

DLM_Status  =  “Fai l u re”  

DLM_Get. cnf{DLM_Status,Cu rren t-val ue}  

Ready 

7  Ready RCL_STOP. ind {RCL_I nd type}  

/  

=>  

DLM_RCL_STOP. ind{RCL_I nd type}  

Ready 

8  Ready RCL_START. ind {RCL_I nd type,RCL_I ndDA,  

RCL_I ndPri ,RCL_I ndPort}  

/   

=>  

DLM_RCL_START. i nd {RCL_I nd type,RCL_I ndDA,  

                  RCL_I ndPri , RCL_I ndPort}  

Ready 

9  Ready Node_ST. i nd{Node_ST,PortA_ST,PortB_ST}  

/  

=>  

DLM_Node_ST. i nd {Node_ST,PortA_ST,PortB_ST}  

Ready 
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# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext state  

1 0  Ready RCLC-Event. i nd {DLM_eventID, Add i ti onal _I nfo}  

/  

=>  

DLM_Event. i nd {DLM_eventID, Add i ti onal_I n fo}  

Ready 

1 1  Ready RTC-Event. i nd {DLM_eventID,Add i ti onal _I nfo}  

/  

=>  

DLM_Event. i nd {DLM_eventID, Add i ti onal_I n fo}  

Ready 

1 2  Ready TRC-Event. i nd {DLM_eventID,Add i ti onal _I nfo}  

/  

=>  

DLM_Event. i nd {DLM_eventID, Add i ti onal_I n fo}  

Ready 

 

7. 5. 4  Fu n cti on  of DLM  

Al l  the  functions  used  by the  DLM  are  summarized  i n  Table  41 .   

Table  41  – DLM  fu n ction  tabl e   

Fu n cti on  n am e  I n pu t  Ou tpu t  Des cri pti on  an d  
operati on  

CHK_Value  Variable-name,  

Desi red -value  

True/False  Check i f the  requested  
variable  wi th  desi red  
val ue  i s  va l i d .  

CHK_VAR Variable-name,  True/False  Check i f the  requested  
variable  i s  va l i d .   
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IN DU STRI AL COM M U N I CATION  N ETWORKS – 
FIELDBU S SPECIFI CATION S – 

 
Part 5-25:  Appl icati on  layer service  defini ti on  – 

Type 25 elements  
 
 
 

1  Scope 

1 . 1  Overvi ew 

The fi e ldbus  Appl ication  Layer (FAL)  provides  user programs wi th  a  means  to  access  the  
fie ldbus  commun ication  environment.  I n  th is  respect,  the  FAL can  be  viewed  as  a  “window 
between  correspond ing  appl ication  programs. ”   

Th is  standard  provides  common  elements  for bas ic time-cri tical  and  non-time-cri tical  
messag ing  communications  between  appl ication  programs in  an  au tomation  envi ronment and  
materia l  speci fic to  Type 25  fi e ldbus.  The  term  “time-cri tica l ”  i s  used  to  represen t the  
presence of a  t ime-window,  wi th in  wh ich  one  or more  speci fied  actions  are  requ i red  to  be  
completed  wi th  some defined  l evel  of certain ty.  Fai lure  to  complete  speci fied  actions  wi th in  
the  time window risks  fai l u re  of the  appl ications  requesting  the  actions,  wi th  attendant ri sk to  
equ ipment,  p lan t and  possibl y human  l i fe.  

Th is  standard  defines  i n  an  abstract way the  external l y vis ib le  service  provided  by the  
d i fferent  Types  of the  fi e l dbus  Appl ication  Layer i n  terms  of 

a)  an  abstract model  for defin ing  appl ication  resources  (objects)  capable  of being  
man ipu lated  by users  via  the  use  of the  FAL service,   

b)  the  prim i ti ve  actions  and  even ts  of the  service;   

c)  the  parameters  associated  wi th  each  prim i ti ve  action  and  event,  and  the  form  wh ich  they 
take;  and  

d )  the  i n terre lationsh ip  between  these  actions  and  even ts,  and  the ir va l i d  sequences.  

The  purpose  of th is  s tandard  i s  to  defi ne  the  services  provided  to   

a)  the  FAL user at the  boundary between  the  user and  the  Appl ication  Layer of the  F ie l dbus  
Reference Model ,  and   

b)  Systems Management at the  boundary between  the  Appl ication  Layer and  Systems  
Management of the  F ie l dbus  Reference  Model .  

Th is  standard  speci fi es  the  structure  and  services  of the  I EC fi e l dbus  App l ication  Layer,  i n  
conformance wi th  the  OSI  Bas ic Reference Model  ( I SO/I EC 7498)  and  the  OSI  Appl ication  
Layer Structure  ( I SO/I EC  9545).  

FAL services  and  protocols  are  provided  by FAL appl ication-enti ties  (AE)  con tained  wi th in  the  
appl ication  processes.  The  FAL AE  i s  composed  of a  set  of obj ect-orien ted  Appl ication  
Service  E lements  (ASEs)  and  a  Layer Management En ti ty (LME)  that manages  the  AE.  The  
ASEs  provide  communication  services  that operate  on  a  set of re lated  appl ication  process  
obj ect (APO)  classes.  One  of the  FAL ASEs  is  a  management ASE  that provides  a  common  
set  of services  for the  management of the  instances  of FAL classes.  

Al though  these  services  speci fy,  from  the  perspective  of appl ications,  how request and  
responses  are  issued  and  del i vered ,  they do  not i nclude  a  speci fication  of what the  requesting  
and  respond ing  appl ications  are  to  do  wi th  them .  That i s ,  the  behaviora l  aspects  of the  
appl ications  are  not speci fi ed ;  on l y a  defin i tion  of what requests  and  responses  they can  
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send /receive  i s  speci fi ed .  Th is  perm i ts  g reater flexibi l i ty to  the  FAL users  i n  standard izing  
such  obj ect behavior.  I n  add i ti on  to  these  services,  some supporti ng  services  are  a lso  defined  
i n  th is  standard  to  provide  access  to  the  FAL to  con trol  certa in  aspects  of i ts  operati on .  

1 .2  Specification  

The pri ncipal  objective  of th is  standard  is  to  speci fy the  characteri stics  of conceptual  
appl ication  l ayer services  su i table  for time-cri tical  commun ications,  and  thus  supplement the  
OSI  Basic Reference Model  in  gu id ing  the  development of appl ication  l ayer protocols  for time-
cri tical  commun ications.  

A secondary objecti ve  is  to  provide  m igration  paths  from  previous l y-existi ng  i ndustria l  
communications  protocols.  I t  i s  th is  l atter objective  wh ich  g i ves  rise  to  the  d i vers i ty of services  
standard ized  as  the  various  Types  of I EC  61 1 58,  and  the  correspond ing  protocols  
standard ized  in  subparts  of I EC 61 1 58-6.  

Th is  speci fication  may be  used  as  the  basis  for formal  Appl ication  Programming- I n terfaces.  
Nevertheless,  i t  i s  not a  formal  programming  in terface,  and  any such  i n terface  wi l l  need  to  
address  implementation  i ssues  not covered  by th i s  speci fication ,  i nclud ing   

a)  the  s i zes  and  octet ordering  of various  mu l ti -octet  service  parameters,  and  

b)  the  correlation  of pai red  request and  confi rm ,  or i nd ication  and  response,  prim i ti ves.  

1 .3  Conformance  

Th is  standard  does  not speci fy i nd ividual  implementations  or products,  nor does  i t  constra in  
the  implementations  of appl ication  layer en ti ties  wi th in  i ndustria l  au tomation  systems.   

There  i s  no  conformance of equ ipment  to  th is  appl ication  layer service  defin i tion  s tandard .  
I nstead ,  conformance  i s  ach ieved  through  implementation  of conform ing  appl ication  l ayer  
protocols  that fu l fi l l  any g i ven  Type  of appl ication  l ayer services  as  defined  i n  th is  standard .   

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC PAS  62953-3-25,  Industrial communication  networks – Fieldbus specifications – Part 3-
25: Data-link layer service definition  – Type 25 elements 

I EC PAS  62953-4-25,  Industrial communication  networks – Fieldbus specifications – Part 4-
25: Data-link layer protocol specification – Type 25 elements 

I EC PAS  62953-6-25,  Industrial communication  networks – Fieldbus specifications – Part 6-
25: Application layer protocol specification – Type 25 elements 

I SO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic 
ReferenceModel – Conventions for the definition of OSI services 

ISO/IEC 7498-1 ,  Information technology – Open Systems Interconnection – Basic 
ReferenceModel: The Basic Model 

I SO/IEC 7498-3,  Information technology – Open Systems Interconnection – Basic 
ReferenceModel:  Naming and addressing 
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I SO/IEC 8802-3: 2000,  Information technology – Telecommunications and information  
exchange between systems – Local and metropolitan area networks – Specific requirements – 
Part 3:  Carrier sense multiple  access with collision detection (CSMA/CD)  access method and 
Physical Layer specifications 

ISO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition  of OSI services 

IEEE  802. 1 D-2004,  IEEE Standard for Local and metropolitan area networks – Media 
accesscontrol (MAC)  Bridges,  avai l able  at <http: //www. ieee. org>  

IEEE  802. 1 Q-2005,  IEEE Standard for Local and metropolitan area networks – Virtual 
BridgedLocal Area  Networks,  avai lable  at <http: //www. ieee. org>  

3 Terms,  defi n i ti on s,  symbol s  and  abbrevi ati ons  

3. 1  Referen ced  terms  an d  d efi n i tion s   

3. 1 . 1  ISO/IEC 7498-1  term s   

For the  purposes  of th is  document,  the  fo l l owing  terms  g iven  i n  I SO/I EC  7498-1  appl y:  

a)  appl ication  enti ty;  

b)  appl ication  process;  

c)  appl ication  protocol  data  un i t;  

d )  appl ication  service  e lement;  

e)  appl ication  enti ty i nvocation ;  

f)  appl ication  process  i nvocation ;  

g )  appl ication  transaction ;  

h )  real  open  system ;  

i )  transfer syn tax.  

3. 1 . 2  ISO/IEC 8822  terms  

For the  purposes  of th is  document,  the  fo l l owing  terms  g iven  i n  I SO/IEC  8822  appl y:  

a)  abstract syn tax;  

b)  presentation  context.  

3. 1 . 3  ISO/IEC  9545 terms  

For the  purposes  of th is  document,  the  fo l l owing  terms  g iven  i n  I SO/I EC  9545  appl y:  

a)  appl ication-association ;  

b)  appl ication-context;  

c)  appl ication  context name;  

d )  appl ication-enti ty- i nvocation ;  

e)  appl ication-enti ty-type;  

f)  appl ication-process- invocation ;  

g )  appl ication-process-type;  

h )  appl ication-service-element;  

i )  appl ication  control  service  e lement.  
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3. 1 . 4  ISO/IEC 8824 terms  

For the  purposes  of th is  document,  the  fol l owing  terms  g iven  i n  I SO/IEC  8824  appl y:  

a)  obj ect identi fier;  

b)  type.  

3. 1 . 5  IEC  61 1 58  term s  

For the  purposes  of th is  document,  the  fol l owing  terms  g iven  i n  I EC  61 1 58  appl y:  

a)  DLL mapping  protocol  mach ine;  

b)  fie l dbus  appl ication  l ayer;  

c)  FAL service  protocol  mach ine;  

d )  protocol  data  un i t.  

3. 2  Ad di tion al  term s an d  d efin i tion s  for th is  I EC  PAS  62953-5-25  

3. 2. 1   
ADP  m essag e  
a message conveyed  by an  au tonomous  decentral i zed  system  protocol  

3. 2. 2   
al ive-message  

a message reporting  own  node  state,  period ical l y transm i tted  

3. 2. 3   
block 
basic  un i t  of data  transferred  i n  a  cycl ic communication ,  each  having  a  s i ze  of 64  bytes  

3. 2. 4   
categ ory N _f 

category of an  au tonomous  decentra l i zed  system  protocol  (fu l l  speci fications)   i n  type  N  

3. 2. 5   
categ ory N _l  
category of an  au tonomous  decentra l i zed  system  protocol  ( l i gh t weight speci fications)   i n  type  
N  

3. 2. 6   
con trol  commu n i cation  

acycl ic  data  communication  for h igh  time-cri tica l  appl ications  in  type  S  network  

3. 2. 7   
cycl i c comm u n i cati on  

period ic data  communication  for real -time commun ication   

3. 2. 8   
cycl i c tran sfer m emory 
A memory wh ich  is  a l located  to  each  node  i n  the  data  fie ld ,  wh ich  each  node  transm its  
period ical l y for the  purpose  of log ical  sharing  of th is  memory area  

3. 2. 9   
data field  

a l og ical  p lace  through  wh ich  speci fic  data  passes,  correspond ing  to  real  networks  
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3. 2. 1 0   
dom ain  
adm in istrati ve  set consisti ng  of mu l tip le  data  fi e lds  

3. 2. 1 1   
du pl ex LAN   

two d i fferent network-paths  between  end  nodes  

3. 2. 1 2   
eq u ipm en t 
physical  hardware  connected  to  the  network ( i . e .  s tation ,  device,  and  server)  

3. 2. 1 3   
in form ation  comm u n i cation  

acycl ic  data  communication  for l ow time-cri tical  appl ication  i n  type  S  network  

3. 2. 1 4   
log i cal  n ode,  n od e  

equ ipment in  data  fi e lds  where  an  au tonomous  decen tral i zed  system 's  function  i s  i nsta l l ed  

3. 2. 1 5   
messag e  mod e  
i denti fier that ind icates  the  uses  of a  message (whether an  on l i ne  message  or a  test 
message)  

3. 2. 1 6   
mu l ticast grou p  
a group of nodes  belong ing  to  a  data  fie ld  to  determ ine  whether to  receive  the  same data  from  
another node  

3. 2. 1 7   
node  l i st  
bi t  array structure  of speci fying  a  node  to  receive  a  request data  

3. 2. 1 8   
node  m ode  

i denti fier that i nd icates  the  usage  of a  node  (  whether an  on l i ne  node  or a  test  node)  

3. 2. 1 9   
pri m ary LAN  
a LAN  used  i n  normal  state  i n  a  duplex LAN  system  

3. 2. 20   
pri ori ty con trol  
control  the  transm iss ion  order wi th  VLAN  priori ty to  ensure  the  rea l -time commun ication  i n  
type  S  network  

3. 2. 21   
RCL  com mu n i cati on  

control  ri ng  network of type  S  network using  RCL frames  

3. 2. 22   
Remote con trol  

control  the  node  based  remote  method  i nvocation  

3. 2. 23   
secon d ary LAN  

a LAN  for backup  of a  primary LAN  i n  a  duplex LAN  system  

Copyright International  Electrotechnical  Commission  



 – 1 02  – I EC PAS  62953-5-25  © I EC  201 5  

3. 2. 24   
tran sacti on  code  
i n formation  to  i denti fy the  characteristics  of the  message  wi th in  a  PDU  

3. 3  Symbol s  an d  abbreviati on s  

ADP  Autonomous  Decentral i zed  Protocol  

ADS-n et  Au tonomous  Decentral i zed  System  – network  

AE  Appl ication  En ti ty  

AL  Appl ication  Layer  

AP  Appl ication  Process  

APDU  Appl ication  Protocol  Data  Un i t  

APO  Appl ication  Process  Object 

AR  Appl ication  Relationsh ip  

AREP  Appl ication  Relationsh ip  Endpoin t  

ASCI I  American  Standard  Code  for I n formation  I n terchange  

ASE  Appl ication  Service  E lement 

ASN . 1  Abstract  Syn tax Notation  1  

CP Communication  Profi le  

CPF  Communication  Profi le  Fam i l y 

CRC Cycl ic  Redundancy Check 

DF  Data  F iel d  

DFN  Data  F iel d  Number 

DLL  Data- l i nk Layer 

DM N  DoMain  Number 

DM PM  DLL Mapping  Protocol  Mach ine  

DSCP  D i ffServ Code  Poin t  

F AL  F i e ldbus  Appl ication  Layer 

FSPM  FAL Service  Protocol  Mach ine  

GM T  Greenwich  Mean  Time  

IP  I n ternet  Protocol  

IPv4  I n ternet  Protocol  vers ion  4  

IPv6  I n ternet  Protocol  vers ion  6  

LC A  Loop  cond i ti on  a lert  (Type S  frame type)  

LCC  Loop  cond i ti on  check (Type  S  frame type)  

LCN  Loop  cond i ti on  noti fy (Type  S  frame type)  

LLD  Log ical  l i nk down   

LLU  Log ical  l i nk up  

LN A  Loop  noti fy answer (Type  S  frame type)  

LN N  Log ical  Node  Number 

LSB  Least S ign i ficant  B i t  

M GN  Mu l ticast Group Number 

M SB  Most S ign i fican t B i t  

M TU  Maximum  Transm ission  Un i t  

OSI  Open  Systems I n terconnection  
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PDU  Protocol  Data  Un i t  

PLD  Physical  l i nk down  

QoS  Qual i ty-of-service  

RCL Ring  control  

RH E Rapid  hel l o  (Type  S  frame type)  

RT  Real  time  

SCR  Station  cond i tion  report  (Type S  frame type)  

TCD  Transaction  CoDe  

TCP  Transm ission  Control  Protocol  

TM ID  Transfer Memory I den ti fier 

U DP  U ser Datagram  protocol  

3. 4  Con ven tion s  

3. 4. 1  Gen eral  con ven ti on s  

Conven tions  used  in  th i s  document are  defined  i n  I EC  61 1 58  Type  25  and  I EC 61 784-2  
CPF  20.  

3. 4. 2  Con ven ti on s  for cl ass  d efin i tion s  

Class  defin i ti ons  are  defined  us ing  templates.  Each  template  cons ists  of a  l i s t of a ttribu tes  
and  services  for the  class.  The  general  form  of the  template  i s  shown  below:  

FAL ASE:  ASE  N am e 

CLASS:  Cl ass  N am e 

CLASS  I D:  #  

PAREN T CLASS:  Paren t  Cl ass  N am e 

ATTRI BU TES:  

1  (o)  Key Attribu te:  numeric i den ti fier 

2  (o)  Key Attribu te:  name  

3  (m)  Attribu te:  attribu te  name (va lues)  

4  (m )  Attribu te:  attribute  name (va lues)  

4. 1  (s)  Attribu te:  attribute  name (values)  

4. 2  (s)  Attribu te:  attribute  name (values)  

4 . 3  (s)  Attribu te:  attribute  name (values)  

5  (c)  Constrain t:  constrain t express ion  

5. 1  (m )  Attribu te:  attribute  name (values)  

5. 2  (o)  Attribu te:  attribute  name (va lues)  

6  (m )  Attribu te:  attribu te  name (va lues)  

6. 1  (s)  Attribu te:  attribute  name (values)  

6. 2  (s)  Attribu te:  attribute  name (values)  

SERVICES:  

1  (o)  OpsService:  service  name  

2  (c)  Constrain t:  constrain t express ion  

2 . 1  (o)  OpsService:  service  name  

3  (m)  MgtService:  service  name  
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a)  The  "FAL ASE: "  en try is  the  name of the  FAL ASE  that provides  the  services  for the  class  
being  speci fied .   

b)  The  "CLASS: "  en try is  the  name of the  class  being  speci fi ed .  Al l  objects  defined  using  th is  
template  wi l l  be  an  i nstance  of th is  cl ass.  The  class  may be  speci fi ed  by th is  standard ,  or 
by a  user of th is  s tandard .   

c)  The  "CLASS ID: "  en try i s  a  number that i den ti fies  the  class  being  speci fied .  Th is  number 
is  un ique  wi th in  the  FAL  ASE  that wi l l  provide  the  services  for th is  cl ass.  When  qual i fi ed  
by the  i denti ty of i ts  FAL ASE,  i t  unambiguous l y i den ti fi es  the  class  wi th in  the  scope of the  
FAL.  The  va lue  "NULL"  i nd icates  that the  class  cannot be  i nstantiated .  C lass  I Ds  between  
1  and  255  are  reserved  by th is  s tandard  to  i denti fy standard ized  classes.  They have  been  
ass igned  to  main tain  compatib i l i ty wi th  existing  national  standards.  CLASS IDs  between  
256  and  2048  are  a l located  for i den ti fying  user defined  classes.   

d )  The  "PARENT CLASS: "  en try is  the  name of the  parent class  for the  class  being  speci fied .  
Al l  attri bu tes  defined  for the  paren t cl ass  and  inheri ted  by i t  are  i nheri ted  for the  class  
being  defined ,  and  therefore  do  not have  to  be  redefined  i n  the  template  for th is  cl ass.  

NOTE  The  parent-class  "TOP"  i nd icates  that  the  cl ass  being  defi ned  i s  an  i n i ti a l  cl ass  defi n i ti on .  The  paren t  
cl ass  TOP i s  used  as  a  starti ng  poin t  from  wh ich  a l l  other cl asses  are  defi ned .  The  use  of TOP  i s  reserved  for 
cl asses  defi ned  by th i s  s tandard .  

e)  The  "ATTRIBUTES"  l abel  i nd icate  that the  fol l owing  entries  are  attributes  defined  for the  
class.   

1 )  Each  of the  attribute  en tries  contains  a  l ine  number i n  column  1 ,  a  mandatory (m)  /  
optional  (o)  / cond i ti onal  (c)  /  se lector (s)  i nd icator i n  column  2,  an  attribu te  type  l abel  
i n  column  3,  a  name or a  cond i tional  express ion  in  column  4,  and  optional l y a  l i st of 
enumerated  values  i n  column  5.  I n  the  column  fol lowing  the  l i s t  of va lues,  the  defau l t  
va lue  for the  attribu te  may be  speci fi ed .   

2)  Objects  are  normal l y i den ti fi ed  by a  numeric i den ti fier or by an  obj ect name,  or by 
both .  I n  the  class  templates,  these  key attribu tes  are  defined  under the  key attribute.   

3)  The  l i ne  number defines  the  sequence  and  the  level  of nesting  of the  l i ne.  Each  
nesting  l evel  i s  i den ti fi ed  by a  period .  Nesting  i s  used  to  speci fy 

i )  fie lds  of a  structured  attribu te  (4. 1 ,  4 . 2 ,  4 . 3),   

i i )  attributes  cond i ti onal  on  a  constrain t s tatement (5) .  Attributes  may be  mandatory 
(5. 1 )  or optional  (5. 2)  i f the  constrain t i s  true.  Not a l l  optional  attribu tes  requ ire  
constrain t s tatements  as  does  the  attribute  defined  i n  (5. 2) ,  

i i i )  the  se lection  fie lds  of a  choice  type  attribute  (6 . 1  and  6 . 2) .   

f)  The  "SERVICES"  l abel  i nd icates  that the  fol l owing  en tries  are  services  defined  for the  
class.   

1 )  An  (m)  in  co lumn  2  i nd icates  that the  service  i s  mandatory for the  class,  wh i l e  an  (o)  
i nd icates  that i t  i s  optional .  A (c)  i n  th is  column  i nd icates  that the  service  i s  cond i ti onal .  
When  a l l  services  defined  for a  class  are  defined  as  optional ,  a t l east one  has  to  be  
selected  when  an  i nstance  of the  class  is  defi ned .   

2)  The  l abel  "OpsService"  des ignates  an  operational  service  (1 ) .   

3)  The  l abel  "MgtService"  des ignates  a  management service  (2) .   

4)  The  l i ne  number defines  the  sequence  and  the  level  of nesting  of the  l i ne.  Each  
nesting  l evel  i s  i denti fied  by a  period .  Nesti ng  wi th in  the  l i s t of services  i s  used  to  
speci fy services  cond i tional  on  a  constrain t  statement.  

The  fol l owing  clauses  each  represent add i ti ons  i n  the  context of the ir respective  I EC  
document s tandards.  

3. 4. 3  Con ven tion s  for service d efi n i tion s  

3. 4. 3. 1  G en eral  

The service  model ,  service  prim i ti ves,  and  time-sequence  d iagrams  used  are  enti re l y abstract 
descriptions;  they do  not represent  a  speci fication  for implementation .  
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3.4.3.2  Service  parameters  

Service  prim i ti ves  are  used  to  represent service  user/service  provider i n teractions  
( I SO/IEC  1 0731 ) .  They convey parameters  wh ich  i nd icate  i n formation  avai lab le  i n  the  
user/provider i n teraction .  I n  any particu lar i n terface,  not a l l  parameters  need  be  stated  
expl ici tl y.   

The  service  speci fications  of th is  s tandard  use  a  tabu lar format to  describe  the  componen t 
parameters  of the  ASE  service  prim i tives.  The  parameters  wh ich  apply to  each  group of 
service  prim i ti ves  are  set ou t  i n  tab les .  Each  tab le  cons ists  of up  to  fi ve  columns  for the   

a)  parameter name,  

b)  request  prim i tive,  ( transm i tted  from  the  sender) ,  

c)  i nd ication  prim i tive,  ( transm itted  to  the  receiver) ,  

d )  response prim i ti ve,  ( transm i tted  from  the  receiver)  ,  and  

e)  confi rm  prim i ti ve  (transm i tted  to  the  sender).  

One  parameter (or component of i t)  i s  l i s ted  i n  each  row of each  tab le.  Under the  appropriate  
service  prim i tive  columns,  a  code  i s  used  to  speci fy the  type  of usage  of the  parameter on  the  
prim i tive  speci fi ed  i n  the  column:  

M  parameter is  mandatory for the  prim i ti ve  

U  parameter i s  a  User option ,  and  may or may not be  provided  depend ing  on  
d ynam ic usage  of the  service  user.  When  not provided ,  a  defau l t va lue  for the  
parameter i s  assumed .  

C  parameter i s  cond i tional  upon  other parameters  or upon  the  environment of the  
service  user.   

–  (b lank)  parameter is  never presen t.  

S parameter i s  a  selected  i tem .  

Some entries  are  further qual i fi ed  by i tems  i n  brackets.  These  may be  

1 )  a  parameter-speci fic constrain t  

(=)  i nd icates  that the  parameter i s  semantical l y equ ivalent to  the  parameter i n  the  
service  prim i ti ve  to  i ts  immed iate  l eft i n  the  table ;  

2)   an  i nd ication  that some note  appl ies  to  the  en try 

(n )   i nd icates  that the  fol lowing  note  n  con tains  add i ti onal  i n formation  perta in ing  to  the  
parameter and  i ts  use.  

3.4.3.2 .1  Service procedure  

The procedures  are  defined  in  terms  of:  

•  the  i n teractions  between  appl ication  en ti ties  through  the  exchange of fie ldbus  Appl ication  
Protocol  Data  Un i ts ,  and   

•  the  i n teractions  between  an  appl ication  l ayer service  provider and  an  appl ication  l ayer  
service  user i n  the  same system  through  the  i nvocation  of appl ication  layer service  
prim i tives.  

These  procedures  are  appl icable  to  i nstances  of communication  between  systems wh ich  
support time-constrained  communications  services  wi th in  the  fie ldbus  appl i cation  layer.   

4 Concept 

The bas ic  concept of appl ication  l ayer services  fol l ows  clause  9  of I EC 61 1 58-1 : 201 4.   
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The  FAL defined  herein  has  two  primary deployment models.  Type  S  network has  
characteristics  of s imple  commun ication  protocols,  rapid  cycl ic communication .  Type  N  
network has  characteristics  of h i gh  scalabi l i ty,  expandabi l i ty,  and  avai l abi l i ty from  the  smal l  
network to  the  l arge-scale  network.  Type  N  network supports  l arge  capaci ty of the  cycl ic  
commun ication .  Both  types  support a  d is tribu ted  memory model  as  wel l  as  cl ien t/server 
models.  

5 Data type ASE 

5. 1  Overvi ew 

The overview of the  data  type  ASE  fol l ows  I EC  61 1 58-1 : 201 3  clause  1 0 .  The  template  i s  used  
to  defi ne  the  data  type  for the  FAL.  

5. 2  Fixed  l en g th  types  

5. 2. 1  N u m eri c types  

5. 2. 1 . 1  In teger types  

5. 2. 1 . 1 . 1  In teger8  

FAL ASE:  Data  type  ASE  

CLASS:  Data  type  

CLASS  I D:  5  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  Data  type  numeric i den ti fi er =  2  

2  Data  type  name =  I n teger8  

3  Format =  F ixed  length  

4. 1  Octet l eng th  =  1  

Th is  i n teger type  is  a  two’s  complement b inary number wi th  a  length  of one  octet.  

5. 2. 1 . 1 .2  In teger1 6  

F AL ASE:  Data type  ASE  

CLASS:  Data type  

CLASS  I D:  5  

PAREN T CLASS:  Top  

ATTRI BU TES:  

1  Data  type  numeric i den ti fi er =  3  

2  Data  type  name =  I n teger1 6  

3  Format =  F ixed  length  

4. 1  Octet l eng th  =  2  

Th is  i n teger type  i s  a  two’s  complement b inary number wi th  a  l ength  of two  octets.  

5. 2. 1 . 1 .3  In teger32  

F AL ASE:  Data type  ASE  

CLASS:  Data type  

CLASS  I D:  5  

PAREN T CLASS:  Top  
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ATTRIBUTES:  

1  Data  type  numeric i den ti fi er =  4  

2  Data  type  name =  I n teger32  

3  Format =  F ixed  length  

4. 1  Octet l eng th  =  4  

Th is  i n teger type  i s  a  two’s  complement b inary number wi th  a  l ength  of four octets.  

5.2. 1 .2  Unsigned  types  

5.2. 1 .2 . 1  Unsigned8  

FAL ASE:  Data  type  ASE  

CLASS:  Data  type  

CLASS  ID:  5  

PARENT CLASS:  Top 

ATTRIBUTES:  

1  Data  type  numeric i den ti fi er =  5  

2  Data  type  name =  Uns igned8  

3  Format =  F ixed  length  

4. 1  Octet l eng th  =  1  

Th is  type  i s  a  bi nary number wi th  a  length  of one  octet.  No  s ign  b i t  i s  i ncluded .  The  most  
s i gn i ficant b i t  of the  most s ign i ficant octet i s  a lways  used  as  the  most s ign i ficant bi t  of the  
b inary number.   

5.2. 1 .2 .2  Unsigned1 6  

FAL ASE:  Data type  ASE  

CLASS:  Data type  

CLASS  ID:  5  

PARENT CLASS:  Top 

ATTRIBUTES:  

1  Data  type  numeric i den ti fi er =  6  

2  Data  type  name =  Uns igned1 6  

3  Format =  F ixed  length  

4. 1  Octet l eng th  =  2  

Th is  type  i s  a  b inary number wi th  a  length  of two  octets .  No  s i gn  b i t  i s  i ncluded .  The  most 
s ign i ficant bi t  of the  most s i gn i ficant octet i s  a lways  used  as  the  most s i gn i ficant bi t  of the  
b inary number.  

5.2. 1 .2 .3  Unsigned32  

FAL ASE:  Data  type  ASE  

CLASS:  Data  type  

CLASS  ID:  5  

PARENT CLASS:  Top 

ATTRIBUTES:  

1  Data  type  numeric i den ti fi er =  7  

2  Data  type  name =  Uns igned32  
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3  Format =  F ixed  length  

4. 1  Octet l eng th  =  4  

Th is  type  is  a  b inary number wi th  a  l ength  of four octets.  No  s ign  b i t  i s  i ncluded .  The  most 
s ign i ficant bi t  of the  most s i gn i ficant octet i s  a lways  used  as  the  most s i gn i ficant bi t  of the  
b inary number.  

5. 3  Strin g  types  

5. 3. 1  OctetStrin g  

FAL ASE:  Data type  ASE  

CLASS:  Data type  

CLASS  I D:  5  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  Data  type  numeric i den ti fi er =  1 0  

2  Data  type  name =  OctetStri ng  

3  Format =  stri ng  

4. 1  Octet l eng th  =  1  to  n  

Th is  type  i s  wi th  a  l eng th  of one  to  n  octets.  Octet 1  i s  referred  to  as  the  fi rst octet.  

6 Communi cati on  model  speci fi cati on  

6. 1  Com mu n ication  mod el  

6. 1 . 1  G en eral  

Two types  of communication  models  are  used  i n  FAL type  25:  The  cycl ic commun ication  
model  (n : n  cycl ic model )  and  the  acycl ic communication  model  (cl i en t server and  push  
model ) .  

6. 1 . 2  Cycl i c  com mu n i cation  mod el  

The cycl ic commun ication  model  i s  shown  in  F igure  1  and  uses  an  unconfi rmed  push  model  
performed  period ical l y.   
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Figu re 1  – Cycl i c  comm u n i cation  m od el   
(n : n  com mu n i cation  wi th  sh ared  m emory)  

6. 1 . 3  Acycl ic  com mu n i cati on  mod el  

The acycl ic  communication  model  i s  the  cl ien t server model  shown  in  F igure  2  and  the  push  
model  shown  i n  F igure  3.   

 

Fi gu re 2  – Acycl i c com mu n i cati on  mod el  (cl ien t server mod el )  

 

Fi gu re 3  – Acycl i c com mu n i cati on  mod el  (pu sh  m odel )  

Shared  

memory
Node 1 Node 2 Node 3

request

request
request

request
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6. 2  ASE  type S  

6. 2. 1  Overvi ew 

The structure  of the  ASE type  S  for FAL  type  25  is  shown  i n  F igure  4 .  

 

Figu re 4 – Stru ctu re  of ASE  type S  of F AL type  25  

6. 2. 2  Cycl i c d ata type S  

6. 2. 2 .1  Overvi ew 

The cycl ic data  ASE  represents  a  d istribu ted  shared  memory model  wh ich  uses  the  cycl ic 
data  transm issions.  The  cycl ic communication  is  performed  to  read  and  wri te  data  
period ical l y.  

6. 2. 2 .2  Cycl i c d ata cl ass  specificati on  

6. 2. 2 . 2 .1  Overvi ew 

This  cl ass  is  the  parent  cl ass  wh ich  real i zes  d istribu ted  shared  memories.  

6. 2. 2 . 2 .2  Form al  mod el  

F AL ASE:  Cycl i c d ata  ASE  type S  

CLASS:  Cycl i c d ata cl ass  S  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Attribu te:  CYC_ID  

2  (m )  Attribu te:   B lock area  

3  (m )  Attribu te:  CYC_status  

4  (m )  Attribu te:  Station  address  

5  (m )  Attribu te:  I P  address  

SERVICES:  

1  (m )  OpsService:  Pu t_cycl icdata  

AE

Cycl ic Data  ASE Acycl ic Data  ASE

AR ASE

Management ASE
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2  (m )  OpsService:  Get_cycl icdata  

3  (m )  OpsService:  Ctl_cycl ic  

6. 2. 2 . 2 .3  Attri bu tes  

6. 2. 2 . 2 .3. 1  CYC_I D  

This  parameter represen ts  the  identi fication  of the  cycl ic operation .   

6. 2. 2 . 2 .3. 2  Block area  

This  parameter represents  the  b lock area  for transm ission  i n  the  shared  memory.   

6. 2. 2 . 2 .3. 3  CYC_statu s  

This  parameter represents  the  status  of cycl ic  operation .   

6. 2. 2 . 2 .3. 4 Stati on  add ress  

This  parameter represents  the  node  (station)  number of the  node.   

6. 2. 2 .2 . 3. 5  IP  add ress  

This  parameter represen ts  the  I P  address  of the  node.   

6. 2. 2 .2 . 4  Service specifi cation  

6. 2. 2 .2 . 4. 1  Pu t_cycl i cd ata  

This  service  i s  used  to  wri te  data  i n to  a  speci fied  address  and  speci fi ed  s i ze.  Table  1  shows 
the  parameters  for th is  service.  

Table  1  – Pu t_cycl i cd ata servi ce param eters   

Param eter n am e  req  cn f 

Argument  M   

  CYC_ID  M  M  (=)  

  B l ock_ID  M   

  CYCdata  M   

Resu l t  (+)   S  

  S tatus   M  

  Add i ti onal_i n fo   C  

Resu l t  ( -)   S  

  S tatus   M  

  Add i ti onal_i n fo   C  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

CYC_I D  

This  parameter represents  the  i denti fication  of th is  service  request.  

Block_ID  
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Th is  parameter speci fies  the  b lock area  in  the  shared  memory to  wri te  CYCdata.   

CYCd ata  

This  parameter speci fies  the  data  to  wri te  i n to  the  shared  memory.   

Resu lt  (+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .   

Statu s  

This  parameter i nd icates  success.   

Ad di tion al _in fo  

This  fie ld  conta ins  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i ti onal  in formation .  

Resu lt (-)  

This  selection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re.    

Ad di tion al_in fo  

This  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i ti onal  in formation .  

6. 2. 2 .2 .4. 2  Get_cycl i cdata  

This  service  i s  used  to  read  data  i n to  a  speci fi ed  address  and  speci fied  s i ze.  Table  2  shows  
the  parameters  for th is  service.  

Table  2  – G et_cycl i cdata servi ce  param eters  

Param eter n am e  req  cn f 

Argument  M   

  CYC_ID  M  M  (=)  

  B l ock_ID  M   

Resu l t  (+)   S  

  CYCdata   M  

  S tatus   M  

  Add i ti oal_in fo   C  

Resu l t  ( -)   S  

  S tatus   M  

  Add i ti oal_in fo   C  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

CYC_I D  

This  parameter represents  the  i denti fication  of th is  service  request.  

Block_ID  

This  parameter speci fi es  the  b lock area  to  read  from  the  shared  memory .   

Resu l t (+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .   
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CYCd ata  

This  parameter contains  the  va lue  of the  speci fi ed  shared  memory.   

Statu s  

This  parameter i nd icates  success.   

Ad di tion al_in fo  

This  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i ti onal  in formation .  

Resu lt (-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .   

Statu s  

Th is  parameter i nd icates  fai l u re.   

Ad di tion al_in fo  

Th is  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i tional  in formation .  

6. 2. 2 .2 . 4. 3  Ctl _cycl ic  

Th is  service  con trols  the  cycl ic communication .  I t  speci fies  parameters  of the  cycl ic  
communication  (cycle,  send ing  area,  etc)  and  s tarts  (or stops)  the  cycl ic communication .  
Table  3  shows the  parameters  for th is  service.  

Table  3  – Ctl _cycl i c servi ce param eters   

Param eter n am e  req  cn f 

Argument  M   

CYC_ID  M  M  (=)  

CYCctl  M   

CYC-CTLdata  C   

Resu l t  (+)   S  

  S tatus   M  

  Add i ti oal_in fo   C  

Resu l t  ( -)   S  

  S tatus   M  

  Add i ti oal_in fo   C  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

CYC_I D  

This  parameter represents  the  i denti fication  of th is  service  request.  

CYCctl  

This  parameter i s  used  to  s tart and  stop  the  cycl i c commun ication .  

CYC-CTLdata  

This  parameter contains  con trol  i n formation  for the  cycl ic commun ication .  I t  speci fies  the  
cycle,  send ing  area,  and  the  header address.   

Resu lt (+)  

This  selection  type  parameter i nd icates  that the  service  request succeeded .   
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Statu s  

This  parameter i nd icates  success.   

Ad di tion al_in fo  

This  fi e ld  conta ins  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i ti onal  in formation .  

Resu lt (-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .   

Statu s  

Th is  parameter i nd icates  fai l u re.   

Ad di tion al_in fo  

Th is  fie ld  conta ins  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor 
speci fic add i ti onal  in formation .  

6. 2. 3  Acycl i c  d ata  ASE  type  S  

6. 2. 3.1  Overvi ew 

Acycl ic data  ASE  type  S  provides  communication  between  nodes  rea l i zed  by the  acycl ic 
communication .   

6. 2. 3.2  Acycl ic  Data  cl ass  specifi cation  

6. 2. 3.2 .1  Formal  mod el  

F AL ASE:  Acycl ic  d ata  ASE  type  S  

CLASS:  Acycl ic  d ata  S  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Attribu te:  Station  address  

2  (m )  Attribu te:  I P  address  

SERVICES:  

1  (m )  OpsService:  Send_ctl data  

2  (m )  OpsService:  Send_infodata  

3  (m )  OpsService  Send_rmtctl  

6. 2. 3. 2 .2  Attri bu tes  

6. 2. 3. 2 .2 . 1  Stati on  ad d ress  

This  parameter represen ts  the  node  (station)  number of the  node.   

6. 2. 3.2 . 3  Service specifi cation  

6. 2. 3.2 . 3. 1  Sen d _ctld ata  

This  service  i s  used  to  send  the  messages  by the  con trol  communication  to  other nodes.  
Table  4  shows the  parameters  for th is  service.  
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Tabl e  4 – Sen d _ctld ata servi ce  param eters  

Param eter n am e  req  i n d  cn f 

Argument  M  M  (=)   

  D_add  M  M  (=)   

  S_add  M  M  (=)   

  CTLdata  M  M  (=)   

Resu l t  (+)    S  

  S tatus    M  

Resu l t  ( -)    S  

  S tatus    M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

D_add  

This  parameter is  the  address  of the  destination  node.   

S_add  

This  parameter i s  the  address  of the  source  node.  

CTLdata  

The parameter contains  the  data  sen t by control  communication .   

Resu lt  (+)  

Statu s  

This  parameter i nd icates  success.   

Resu lt  (-)  

This  se lection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re.   

6. 2. 3. 2 .3. 2  Sen d _in fod ata  

This  service  is  used  to  send  the  messages  by the  i n formation  communication  to  other nodes.  
Table  5  shows  the  parameters  for th is  service.  
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Tabl e  5  – Sen d _i n fod ata servi ce  param eters  

Param eter n am e  req  i n d  cn f 

Argument  M  M  (=)   

  D_add  M  M  (=)   

  S_add  M  M  (=)   

  I NFOdata  M  M  (=)   

Resu l t  (+)    S  

  S tatus    M  

Resu l t  ( -)    S  

  S tatus    M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

D_add  

This  parameter is  the  address  of the  destination  node.   

S_add  

This  parameter i s  the  address  of the  source  node.  

IN FOdata  

The parameter contains  the  data  sen t by i n formation  communication .   

Resu lt  (+)  

Statu s  

This  parameter i nd icates  success.   

Resu lt  (-)  

This  se lection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re   

6. 2. 3. 2 .3. 3  Sen d _rmtctl  

This  service  i s  used  to  send  the  remote  control  frames  to  other nodes,  and  to  respond  the  
frames  from  the  receiving  nodes.  The  remote  control  frames  are  sent by control  
communication .  Table  6  shows  the  parameters  for th is  service.  
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Table  6  – Sen d _rmtctl  servi ce param eters  

Param eter n am e  req  i n d  rsp  cn f 

Argument  M  M  (=)  M  M  (=)  

  D_add  M  M  (=)  M  M  (=)  

  S_add  M  M  (=)  M  M  (=)  

  CMD  M  M  (=)  M  M  (=)  

  CMDdata  C  C  (= )    

Resu l t  (+)    S  S  (=)  

  RSPdata    C  C  (= )  

  S tatus    M  M  (=)  

Resu l t  ( -)    S  S  (=)  

  S tatus    M  M  (=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

D_add  

This  parameter is  the  address  of the  destination  node.   

S_add  

This  parameter i s  the  address  of the  source  node.  

CM D 

This  parameter is  the  command  for the  remote  control  operation .   

CM Ddata  

The parameter contains  the  sen t data  of remote  con trol  command .   

Resu lt  (+)  

RSPdata  

This  parameter contains  the  respond  data.   

Statu s  

This  parameter i nd icates  success.   

Resu lt  (-)  

This  se lection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re.    

6. 2. 4  M an agemen t ASE  type S  

6. 2. 4.1  Overvi ew 

Management ASE  provides  the  node  management function .   

6. 2. 4.2  M an agemen t cl ass  specification  

6. 2. 4.2 . 1  Overvi ew 

Th is  class  provides  the  node  management functions.  

FAL ASE:  M an agemen t ASE   

CLASS:  M an agemen t S  

CLASS  I D:  N ot u sed  
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PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Attribu te  Station  address  

SERVICES:  

1  (m )  OpsService:  Set_attribute  

2  (m )  OpsService:  Get_attribute  

6. 2. 4. 2 .2  Attribu tes  

6. 2. 4. 2 .2 . 1  Stati on  ad d ress  

This  parameter represents  the  node  (station)  number of the  node.   

6. 2. 4. 2 .3  Service speci ficati on  

6. 2. 4. 2 .3. 1  Set_attri bu te  

This  service  i s  used  to  set the  attribu te  value  of a  class.  Table  7  shows  the  parameters  for 
th is  service.  

Tabl e  7  – Set_attribu te  servi ce  param eters  

Param eter n am e  req  cn f 

Argument  M   

  Set_List M   

  Attri bu te  M   

  Set_val ue  M   

Resu l t  (+)   S  

  S tatus   M  

Resu l t  ( -)   S  

  S tatus   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conveys  the  service  speci fic parameters  of the  service  request.  

Set_Li st  

Specifies  the  attributes  of the  target whose  values  are  requested .  

Attribu te  

Specifies  the  attribute  to  be  a  set.  

Set_valu e  

Specifies  the  value  to  be  set to  the  attribute.  

Resu lt  (+)  

Statu s  

This  parameter i nd icates  success.   

Resu lt  (-)  

This  se lection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re.    
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6. 2. 4.2 .3. 2  Get_attribu te  

This  service  is  used  to  set the  attribute  value  of a  class.  Table  8  shows  the  parameters  for 
th is  service.  

Table  8  – G et_attribu te  servi ce  param eters  

Param eter n am e  req  cn f 

Argument  M   

  Set_List M   

Resu l t  (+)   S  

L i st_of_Attri bu te  va l ues   M  

  S tatus   M  

Resu l t  ( -)   S  

  S tatus   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conveys  the  service  speci fic parameters  of the  service  request.  

Set_Li st  

Specifies  the  attributes  of the  target whose  values  are  requested .  

Resu lt  (+)  

List_of_Attribu teVal u es  

Contains  the  va lue  of the  target attribu tes.  

Statu s  

This  parameter i nd icates  success.   

Resu lt (-)  

This  selection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re.   

6. 3  ASE  type N  

6. 3. 1  Overvi ew type  N  

The structure  of the  ASE type  N  for FAL type  25  i s  shown  i n  F igure  5.  
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Fi gu re  5  – Stru ctu re of ASE  type N  of F AL type  25  

6. 3. 2  Cycl i c  d ata ASE  type N  

6. 3. 2 .1  Overvi ew 

The cycl ic  data  ASE  represen ts  a  d is tributed  shared  memory model  wh ich  is  real i zed  us ing  
the  cycl ic data  transm issions.  The  cycl ic  communication  is  performed  to  read  and  wri te  data  
period ica l l y.  

6. 3. 2 .2  Cycl i c d ata  cl ass  speci ficati on  

6. 3. 2 .2 . 1  Overvi ew 

Th is  class  i s  the  parent cl ass  wh ich  real i zes  d istribu ted  shared  memories.  

6. 3. 2 .2 . 2  Formal  mod el  

FAL ASE:  Cycl i c  d ata ASE  type N  

CLASS:  Cycl i c d ata cl ass  N  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Key Attribu te:  Dfn  

2   (m )  Key Attribu te:  Tm id  

3   (m )  Attribu te  Pri  

4   (m )  Attribu te  Memory add ress  

5   (m )  Attribu te  Memory s i ze  

6   (m )  Attribu te  B lock number 

7   (m )  Attribu te  B lock count  

SERVICES:  

1   (m )  OpsService:  Put_cycl icdata  

2   (m )  OpsService:  Get_cycl icdata  

3   (m )  OpsService:  Control_cycl ic  

AE

Cycl ic Data  ASE Acycl ic Data  ASE

AR ASE

Management ASE
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6. 3. 2 .2 .3  Attribu tes  

6. 3. 2 .2 .3 . 1  Dfn  

Th is  attribu te  represents  the  data  fie l d  number to  wh ich  the  cycl ic  transfer memory belongs.   

6 . 3. 2 . 2 .3 . 2  Tm id  

Th is  attribute  represen ts  the  transfer memory i den ti fication  number of the  cycl ic transfer 
memory.  

6. 3. 2 . 2 .3 . 3  Pri  

Th is  attribu te  represents  the  transm ission  priori ty of cycl ic  data .  

6 . 3. 2 . 2 .3 . 4  M emory  address  

Th is  attribu te  represents  the  starting  address  of the  send ing  (or receiving)  memory area.  

6. 3. 2 . 2 .3 . 5  Memory s i ze  

Th is  attribu te  represents  the  s i ze  of the  send ing  (or receiving)  memory area   

6 . 3. 2 . 2 .3 . 6  B lock n u mber  

Th is  attribu te  represen ts  the  s tarti ng  number of the  b locks.   

6 . 3. 2 . 2 .3 . 7  B lock cou n t  

Th is  attribu te  represents  the  number of b locks.  

6. 3. 2 . 2 .4  Service  speci ficati on  

6. 3. 2 . 2 .4. 1  Pu t_cycl i cd ata  

This  service  is  used  to  p lace  the  cycl ic data  i n to  the  transfer memory wh ich  is  speci fied  by the  
transfer memory i n formation .  Table  9  shows  the  parameters  for th is  service.  

Table  9  – Pu t_cycl i cd ata servi ce param eters  

Param eter n am e  req  

Argument  M  

  TargetDfn  M  

Tm id  M  

Pri  M  

  OffsetAddress  M  

S ize  M  

  Cycl i cData  M  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Targ etDfn  

This  parameter speci fi es  the  targeted  data  fi el d  number to  wh ich  the  transfer memory 
recogn ized  by the  i denti fier (Tm id)  be longs.  

Tmid  
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Th is  parameter speci fies  the  transfer memory i den ti fication  number of the  transfer 
memory.  

Pri  

This  parameter speci fi es  the  transm iss ion  priori ty of cycl ic  data.  

OffsetAd d ress  

This  parameter speci fies  the  d istance  from  the  beg inn ing  add ress  of the  transfer memory 
area  to  be  transm itted  Cycl icData.  

Size  

This  parameter speci fi es  the  s i ze  of Cycl icData.  

Cycl i cData  

This  parameter speci fi es  the  transm itting  cycl ic  data.  

6. 3. 2 .2 .4. 2  Get_cycl icdata  

This  service  is  used  to  get cycl ic data  from  the  transfer memory area.  Table  1 0  shows the  
parameters  for th is  service.  

Table  1 0  – G et_cycl i cd ata service param eters  

Param eter n am e  req  cn f 

Argument  M   

TargetDfn  M   

  Tm id  M   

OffsetAddress  M   

  S i ze  M   

Resu l t(+)   S  

D iagnosis   M  

  Cycl i cData   M  

Resu l t(-)   S  

D iagnosis   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Targ etDfn  

This  parameter speci fies  the  targeted  data  fi el d  number to  wh ich  the  transfer memory 
recogn ized  by the  i denti fier (Tm id )  belongs.  

Tmid  

This  parameter speci fi es  the  transfer memory i den ti fication  number of the  transfer 
memory.  

OffsetAd d ress  

This  parameter speci fi es  the  d istance  from  the  beg inn ing  address  of the  transfer memory 
area  to  be  read  Cycl icdata.  

Si ze  

This  parameter speci fies  the  s ize  of cycl icdata  to  get from  the  the  transfer memory area.   

Resu l t(+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .  
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Di agn osis  

This  parameter i nd icates  success.  

Cycl i cData  

This  parameter i nd icates  cycl icdata  get from  the  the  transfer memory area.  

Resu lt(-)  

This  se lection  type  parameter i nd icates  that the  service  request  fa i l ed .  

Di agn osis  

This  parameter i nd icates  an  error.  

6. 3. 2 . 2 .4. 3  Con trol_cycl i c  

This  service  is  used  to  con trol  the  cycl ic transm ission .  Th is  speci fies  parameters  to  s tart/ stop  
the  cycl ic transm iss ion  and  to  set the  node-mode.  Table  1 1  shows the  parameters  for th is  
service.  

Table  1 1  – Con trol _cycl ic  servi ce  parameters  

Param eter n am e  req  

Argument  M  

TargetDfn  M  

  Tm id  M  

  CtlCmd  M  

NodeMode  M  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Targ etDfn  

This  parameter speci fies  the  data  fie ld  number to  wh ich  the  transfer memory associated  
wi th  by the  i den ti fi er (Tm id)  belongs.  

Tm id  

Th is  parameter speci fi es  the  transfer memory i den ti fication  number of the  transfer 
memory.  

Ctl Cmd  

Th is  parameter speci fi es  con trol  command .  

START 

Cycl ic  transm ission  started .  

STOP 

Cycl ic  transm ission  stopped .  

N od eM ode 

This  parameter speci fies  a  mode of own  node  belong ing  to  the  targeted  data  fie ld .  The  
mode i nd icates  whether the  node  runs  under the  on l i ne  s tate  or under the  test  state.  

ON LI N E  

Node to  run  under the  on l ine  state  (On l ine  mode).  

TEST 

Node to  run  under the  test state  (Test  mode).  
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6. 3. 3  Acycl i c  d ata  ASE  type  N  

6. 3. 3.1  Overvi ew 

Acycl ic data  ASE  type  N  provides  communication  between  nodes  real i zed  by the  Acycl ic  
communication .  

6. 3. 3.2  Acycl ic  d ata  cl ass  speci fi cation  

6. 3. 3.2 . 1  Formal  mod el  

FAL ASE:  Acycl i c  d ata  ASE  type  N  

CLASS:  Acycl i c  d ata  cl ass  N  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Key Attribu te:  Dfn  

2  (m )  Key Attribu te:  Node-address  

2. 1  (m )  Attribu te:  Mgn  

2. 2  (m )  Attribu te:  Lnn  

3  (m )  Attribu te:  Tcd  

4  (m )  Attribu te  Pri  

5  (m )  Attribu te: :  Node-l is t  

6  (m )  Attribu te:  I nq- id  

SERVICES:  

1   (m )  OpsService:  Put  message  

2  (m )  OpsService:  Get message  

3  (m)  OpsService:  Put  i nqu iry message  

4  (m)  OpsService:  Put  n inqu i ry message  

5  (m )  OpsService:  Pu t repl y message  

6  (m )  OpsService:  Send  a l i veinfo  

7  (m )  OpsService:  Receive  al i veinfo  

8  (m )  OpsService:  Control  acycl ic  

6. 3. 3. 2 .2  Attribu tes  

6. 3. 3. 2 . 2 . 1  Dfn  

Th is  attribu te  represen ts  the  data  fie ld  number to  wh ich  the  destination  mu l ticast  group or the  
destination  l og ica l  node  belongs.  

6. 3. 3 . 2 . 2 . 2  Node-address  

Th is  attribu te  represents  the  node  address.   

6 . 3. 3 . 2 . 2 . 3  Mgn  

Th is  attribu te  represents  the  mu l ticast group  number to  send/receive  the  acycl i c data.  

6 . 3. 3 . 2 . 2 . 4  Lnn  

Th is  attribu te  represents  the  l og ical  node  number to  send /receive  the  acycl i c data.  
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6 . 3. 3 . 2 . 2 . 5  Tcd  

Th is  attribute  represen ts  the  transaction  code  correspond ing  to  the  characteristics  of each  
acycl ic  data.  

6 . 3. 3 . 2 . 2 . 6  Pri  

Th is  attribu te  represents  the  transm iss ion  priori ty of acycl ic  data .  

6 . 3. 3 . 2 . 2 . 7  Node-l is t  

Th is  attribu te  represents  the  l i s t of nodes  wh ich  request to  respond  a  repl y message.  

6. 3. 3 . 2 . 2 . 8  I nq- id  

Th is  attribu te  represents  the  i nqu i ry i denti fi er to  match  the  i nqu iry message to  the  repl y 
message.  

6. 3. 3.2 . 3  Servi ce specifi cation  

6. 3. 3.2 . 3. 1  Pu t  m essag e  

Th is  service  i s  used  to  pu t a  message i n to  the  destination  mu l ticast group or desti nation  node.  
Table  1 2  shows  the  parameters  for th is  service.  

Table  1 2  – Pu t  m essag e  service  param eters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

Node-add ress  M  M(=)  

DstMgn  S  S(=)  

DstLnn  S  S(=)  

Tcd  M  M(=)  

Pri  M  M(=)  

Data  M  M(=)  

DataLength  M  M(=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fi es  the  data  fie l d  number to  wh ich  the  desti nation  mu l ticast group or 
the  destination  l og ica l  node  belongs.  

N od e-add ress  

Th is  parameter speci fi es  the  destination  node  add ress.   

DstM gn  

Th is  parameter speci fi es  the  destination  mu l ticast group  number to  send  a  message.  

DstLn n  

This  parameter speci fi es  the  desti nation  l og ical  node  number to  send  a  message.  

Tcd  

This  parameter speci fies  the  transaction  code  correspond ing  to  the  characteristics  of each  
message.  
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Pri  

This  parameter speci fi es  the  transm iss ion  priori ty of message.  

Data  

This  parameter speci fi es  data  to  transm i t.  

DataLen gth  

This  parameter speci fies  the  l eng th  of Data.  

6. 3. 3. 2 .3. 2  G et m essage  

This  service  is  used  to  get a  message from  the  targeted  mu l ticast g roup or targeted  node.  
Table  1 3  shows  the  parameters  for th is  service.  

Table  1 3  – G et message  service  param eters  

Param eter n am e  req  cn f 

Argument  M   

TargetDfn  M   

Node-add ress  M   

TargetMgn  S   

TargetLnn  S   

Resu l t(+)   S  

D iagnosis   M  

TargetDfn   M  

Node-add ress   M  

TargetMgn   S  

TargetLnn   S  

Tcd   M  

Pri   M  

CtlType   M  

I nq -i d   C  

Data   M  

DataLength   M  

Resu l t(-)   S  

D iagnosis   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Targ etDfn  

This  parameter speci fies  the  data  fi e l d  number to  wh ich  the  targeted  mu l ticast  group  or 
the  targeted  l og ica l  node  belongs.  

N od e-add ress  

This  parameter speci fi es  the  desti nation  node  address.   

Targ etM g n  

This  parameter speci fi es  the  desti nation  mu l ticast  g roup  number to  send  the  acycl ic data.  

Targ etLn n  
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Th is  parameter speci fi es  the  desti nation  l og ica l  node  number to  send  the  acycl ic data.  

Resu lt(+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .  

Di agn osis  

This  parameter i nd icates  success.  

Targ etDfn  

This  parameter i nd icates  the  data  fie l d  number to  wh ich  the  desti nation  mu l ticast group or 
the  destination  l og ical  node  be longs.  

N od e-add ress  

This  parameter i nd icates  the  destination  node  add ress.   

Targ etM gn  

This  parameter i nd icates  the  destination  mu l ticast group  number.  

Targ etLn n  

This  parameter i nd icates  the  destination  l og ica l  node  number.  

Tcd  

This  parameter i nd icates  the  transaction  code  correspond ing  to  the  characteristics  of each  
message.  

Pri  

This  parameter i nd icates  the  transm iss ion  priori ty of a  message.  

Ctl Type  

This  parameter i nd icates  the  communication  type  of a  receiving  message.  

M LT 

Th is  type  i nd icates  a  mu l ticast communication .  

ON E 

Th is  type  i nd icates  a  peer to  peer (one  to  one)  communication .  

IN Q 

This  type  i nd icates  an  i nqu i ry communication .  

RPL 

This  type  i nd icates  a  reply response communication .   

N IQ 

This  type  i nd icates  an  n -i nqu iry communication .  

M CR 

This  type  i nd icates  a  mu l ticast communication  wi th  re-transm ission  control .   

In q-id  

This  parameter ind icates  the  i nqu i ry i denti fi er to  match  the  i nqu iry/ n - i nqu iry message to  
the  repl y message  

A node  wh ich  received  the  i nqu i ry/ n - inqu i ry message shal l  respond  wi th  the  repl y 
message us ing  the  same I nq- i d  con ta ined  i n  the  i nqu iry/ n - i nqu i ry message.   An  I nq-i d  
shal l  be  un ique  i n  each  node.  

Data  

This  parameter i nd icates  the  receiving  data.  

DataLen gth  

This  parameter i nd icates  the  l eng th  of Data.  

Resu l t(-)  

This  se lection  type  parameter i nd icates  that the  service  request  fa i l ed .  
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Di agn osis  

This  parameter i nd icates  an  error.  

6. 3. 3.2 .3. 3  Pu t  in q u i ry message  

This  service  is  used  to  mu l ticast (broadcast)  an  i nqu iry message to  nodes  wh ich  belong  to  the  
mu l ticast group i n  the  data  fie l d ,  or to  send  th is  message  to  the  speci fi ed  node  i n  the  data  
fie ld .  Each  node  wh ich  received  th is  inqu i ry message responds  wi th  the  repl y message by 
us ing  the  pu t repl y message  service.  Table  1 4  shows  the  parameters  for th is  service.   

Table  1 4  – Pu t  in qu i ry messag e  servi ce  param eters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

Node-add ress  M  M(=)  

DstMgn  S  S(=)  

DstLnn  S  S(=)  

Tcd  M  M(=)  

Pri  M  M(=)  

Data  M  M(=)  

DataLength  M  M(=)  

I nq -i d   M  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fi es  the  data  fie l d  number to  wh ich  the  desti nation  mu l ticast group or 
the  destination  l og ica l  node  belongs.  

N od e-add ress  

Th is  parameter speci fi es  the  destination  node  add ress.   

DstM gn  

Th is  parameter speci fies  the  destination  mu l ticast group  number to  send  an  i nqu iry 
message.  

DstLn n  

Th is  parameter speci fi es  the  desti nation  l og ical  node  number to  send  an  inqu i ry message.  

Tcd  

This  parameter ind icates  the  transaction  code  correspond ing  to  the  characteristics  of each  
i nqu iry message.  

Pri  

This  parameter i nd icates  the  transm iss ion  priori ty of an  i nqu iry message.  

Data  

This  parameter speci fi es  i nqu iry message (data)  to  transm it.  

DataLen g th  

This  parameter speci fi es  the  l eng th  of Data.  

In q-i d  

This  parameter speci fi es  the  i nqu iry i denti fi er to  match  the  i nqu iry message  to  the  repl y 
message.  Th is  parameter i s  l ocal l y generated .  A node  wh ich  received  the  i nqu iry message 
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shal l  respond  wi th  a  repl y message  us ing  the  same I nq- id  con ta ined  in  the  i nqu iry 
message.  An  I nq- id  shal l  be  un ique  i n  each  node.  

6. 3. 3.2 .3. 4 Pu t  n i n qu i ry m essag e  

This  service  i s  used  to  mu l ticast (broadcast)  an  n - inqu iry message to  speci fi ed  nodes  wh ich  
be long  to  the  mu l ticast group in  the  data  fi el d .  Each  node  wh ich  received  th is  inqu i ry message  
checks  a  node-l i s t i n  the  message.  Nodes  wh ich  are  speci fi ed  i n  the  node- l is t respond  wi th  
the  repl y message by us ing  the  pu t repl y message service.  Table  1 5  shows the  parameters  
for th is  service.  

Tabl e  1 5  – Pu t  n i n q u iry messag e  servi ce  param eters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

DstMgn  M  M(=)  

Tcd  M  M(=)  

Pri  M  M(=)  

Data  M  M(=)  

DataLength  M  M(=)  

Node-l i st  M  M(=)  

I nq -i d   M  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fies  the  data  fi e ld  number to  wh ich  the  destination  mu l ticast group 
belongs.  

DstM gn  

This  parameter speci fies  the  desti nation  mu l ti cast group number to  send  n - i nqu iry 
messages.  

Tcd  

This  parameter i nd icates  the  transaction  code  correspond ing  to  the  characteristics  of each  
n - inqu i ry message.  

Pri  

This  parameter i nd icates  the  transm iss ion  priori ty of an  n - i nqu iry message.  

Data  

This  parameter speci fi es  n - inqu i ry message (data)  to  transm it.  

DataLen gth  

This  parameter speci fi es  the  l eng th  of Data.  

N od e-l ist  

This  parameter speci fies  the  l i s t of nodes  wh ich  request  to  respond  a  repl y message.  

In q-id  

This  parameter speci fi es  the  n - inqu i ry i denti fi er to  match  the  n - inqu i ry message  to  the  
repl y message.  Th is  parameter is  l ocal l y generated .  

A node  wh ich  received  the  n - inqu i ry message shal l  respond  wi th  the  reply message us ing  
the  same I nq- i d  conta ined  i n  the  n -i nqu iry message.   An  I nq- i d  sha l l  be  un ique  i n  each  
node.  
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6. 3. 3.2 .3. 5  Pu t  repl y m essag e   

This  service  is  used  to  send  a  repl y message to  the  destination  node  wh ich  sends  an  i nqu iry 
message or a  n - i nqu iry message.  Each  node  wh ich  received  an  i nqu iry message responds  
wi th  the  repl y message  by us ing  the  pu t repl y message service.  Nodes  wh ich  are  speci fied  i n  
the  node-l i st wi th in  a  n - i nqu iry message respond  wi th  the  repl y message  by using  the  pu t 
repl y message  service.  Table  1 6  shows  the  parameters  for th is  service.   

Tabl e  1 6  – Pu t  repl y m essag e servi ce  param eters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

DstLnn  M  M(=)  

Tcd  M  M(=)  

Pri  M  M(=)  

Data  M  M(=)  

DataLength  M  M(=)  

I nq -i d  M  M(=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fi es  the  data  fie ld  number to  wh ich  the  destination  log ica l  node  
belongs.  

DstLn n  

This  parameter speci fies  the  desti nation  l og ica l  node  number to  send  a  reply messages.  A 
destination  log ical  node  corresponds  to  the  source  node  of an  i nqu iry message or a  
n inqu i ry message.  

Tcd  

This  parameter ind icates  the  transaction  code  correspond ing  to  the  characteristics  of each  
repl y message.  

Pri  

This  parameter i nd icates  the  transm iss ion  priori ty of a  repl y message.  

Data  

This  parameter speci fi es  a  repl y message  (data)  to  transm i t.  

DataLen g th  

This  parameter speci fi es  the  l eng th  of Data.  

In q-i d  

This  parameter speci fi es  the  i nqu i ry/ n - inqu i ry i den ti fier to  match  the  i nqu iry/ n - inqu i ry 
message  to  the  repl y message.  A node  wh ich  received  the  i nqu i ry/ n - i nqu iry message 
shal l  respond  the  repl y message wi th  the  same I nq- id  con tained  in  the  i nqu iry/ n - inqu i ry 
message.   Th is  parameter is  local l y generated .  

6. 3. 3.2 .3. 6  Sen d  al ivein fo  

This  service  is  used  to  send  an  a l i ve-message i n to  a  speci fi ed  mu l ticast g roup  period ica l l y.  
Table  1 7  shows  the  parameters  for th is  service.   

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-5-25  © I EC  201 5  – 1 31  –  

Table  1 7  – Sen d  al ivein fo  servi ce  parameters  

Param eter n am e  req  I n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

DstMgn  M  M(=)  

Al i veMode  M  M(=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fies  the  data  fi e ld  number to  wh ich  the  destination  mu l ticast group 
belongs.  

DstM gn  

This  parameter speci fi es  the  desti nation  mu l ticast g roup  number to  send  an  a l i ve-
message.  

Al i veM ode  

This  parameter speci fi es  the  type  of an  a l i ve-message.  

N orm al  report  (al i ve)  

This  type  represents  that  a  node  is  i n  active  s tate.  

N oti ce (Sh u td own )  

Th is  type  represen ts  that  a  node  wi l l  be  schedu led  to  enter shutdown  state.  

N oti ce (M ain ten an ce)  

This  type  represents  that  a  node  wi l l  be  schedu led  to  enter main tenance  state.  

6. 3. 3. 2 .3. 7  Receive  al ivei n fo  

This  service  i s  used  to  read  i n formation  of a l i ve-messages.  Th is  i n formation  has  received  
period ica l l y from  a  speci fi ed  mu l ticast group.  Table  1 8  shows  the  parameters  for th is  service.   

Table  1 8  – Receive  al ivein fo  service param eters  

Param eter n am e  req  cn f 

Argument  M   

TargetDfn  M   

TargetMgn  M   

Resu l t(+)   S  

D iagnosis   M  

TargetNodeAl i veMode   N  

Task-i n fo1   C  

Task-i n fo2   C  

Resu l t(-)   S  

D iagnosis   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  
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Targ etDfn  

This  parameter speci fi es  the  data  fi e ld  number to  wh ich  the  targeted  mu l ticast group 
belongs.  

Targ etM gn  

This  parameter speci fies  the  targeted  mu l ticast group number to  read  i n formation  of an  
a l i ve-message.  

Resu lt(+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .  

Di agn osis  

This  parameter i nd icates  success.  

Targ etN odeAl i veM ode 

This  parameter i nd icates  an  a l i ve-related  state  receiving  from  the  target node.   

N orm al  report  (al i ve)  

This  type  represents  that  a  node  is  i n  acti ve  s tate.  

N oti ce (Sh u tdown )  

This  type  represents  that  a  node  wi l l  be  schedu led  to  enter shutdown  state.  

N oti ce  (M ain ten an ce)  

This  type  represents  that a  node  wi l l  be  schedu led  to  en ter main tenance  state.  

Task-i n fo1  

This  parameter ind icates  l i st of state  of tasks-in formation-1  on  the  target node.  Each  task-
in formation-1  consists  of 4  e lements.  

Ta_ch gal vstat  

This  e lement represents  status  change  on  the  task.  

N o ch an g e,  

Statu s  ch an g e (from  “d ead”  state  to  “ al i ve”  state) ,  

Statu s  ch an g e (from  “al ive”  state  to  “d ead ”  state) .  

Ta_ch g in fostat  

Th is  e lement represents  the  presence or absence  of change  regard ing  in formation  of 
the  task.  

N o ch an g e,  

Ch an g e.  

Ta_tid  

Th is  e lement represen ts  the  i den ti fier of a  task.  

Ta_d ata  

Th is  e lement represen ts  the  user defined  data  of a  task.  

Task-in fo2  

Th is  parameter i nd icates  i n formation  a l lowing  user to  set data  freel y.  

Resu lt(-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .  

Di ag n osis  

Th is  parameter i nd icates  an  error.  
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6. 3. 3.2 .3. 8  Con trol  acycl i c  

This  service  i s  used  to  con trol  the  acycl ic  transm ission .  Th is  speci fies  parameters  to  activate/ 
i nacti vate  the  acycl ic transm ission ,  and  to  set the  node-mode.  Table  1 9  shows the  parameters  
for th is  service.  

Table  1 9  – Con trol _acycl ic  servi ce  parameters  

Param eter n am e  req  

Argument  M  

TargetDfn  M  

CtlCmd  M  

NodeMode  M  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Targ etDfn  

This  parameter speci fi es  the  targeted  data  fie ld  number.  

Ctl Cmd  

Th is  parameter speci fi es  con trol  command .  

ACTI VATE 

Acycl ic transm iss ion  i nactivated .  

IN ACTI VATE  

Acycl ic transm iss ion  i nactivated .  

N od eM ode 

This  parameter speci fies  a  mode of own  node  belong ing  to  the  targeted  data  fie ld .  The  
mode i nd icates  whether the  node  runs  under the  on l i ne  s tate  or under the  test  state.  

ON LI N E  

Node to  run  under the  on l ine  state  (On l ine  mode).  

TEST 

Node to  run  under the  test state  (Test  mode).  

6. 3. 4  M an agemen t ASE  type N  

6. 3. 4.1  Overvi ew 

Management ASE  provides  the  node  management function .   

6. 3. 4.2  M an agemen t cl ass  specification  

6. 3. 4.2 . 1  Overvi ew 

Th i s  cl ass  provid es  th e  n od e man agemen t fu n ction s.  

FAL ASE:  M an agemen t ASE  type N  

CLASS:  M an agemen t N  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Key Attribu te:  Dfn  
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SERVICES:  

1  (m )  MgtService:  Get_attribu te  

2  (m )  MgtService:  Set_attribute  

6. 3. 4. 2 .2  Attribu tes  

6. 3. 4 . 2 . 2 . 1  Dfn  

Th is  attribu te  represents  the  data  fie l d  number.   

6. 3. 4. 2 .3  Service  speci ficati on  

6. 3. 4. 2 .3. 1  G et_attri bu te  

This  service  is  used  to  get the  attribu te  value  of a  class.  Table  20  shows  the  parameters  for 
th is  service.  

Table  20  – G et attri bu te  servi ce  param eters  

Param eter n am e  req  cn f 

Argument  M   

RequestLi st  M   

Resu l t(+)   S  

D iagnosis   M  

L i st_of_Attri bu te  Values   M  

Resu l t(-)   S  

D iagnosis   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Req u estLi st  

This  parameter speci fi es  the  attribu tes  of the  target whose va lues  are  requested .  

Resu lt(+)  

Th is  selection  type  parameter i nd icates  that the  service  request  succeeded .  

Di ag n osis  

Th is  parameter i nd icates  success.  

Li st_of_Attribu teVal u es  

This  parameter i nd icates  the  l i s t  of attributes  va lues.  

Resu l t(-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .  

Di agn osi s  

This  parameter i nd icates  an  error.  

6. 3. 4.2 . 3. 2  Set_attri bu te  

Th is  service  i s  used  to  set  the  attribute  value  of a  cl ass.  Table  21  shows  the  parameters  for 
th is  service.  
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Table  21  – Set attribu te  servi ce param eters  

Param eter n am e  req  cn f 

Argument  M   

SetLi st  M   

Attri bu te  M   

Set_value  M   

Resu l t(+)   S  

D iagnosis   M  

Resu l t(-)   S  

D iagnosis   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

SetLi st  

This  parameter speci fi es  the  l i s t of a ttributes  and  values  to  be  set.  

Attribu te  

Th is  parameter speci fies  the  attribu te  to  be  set.  

Set_valu e  

This  parameter speci fi es  the  value  to  be  set.  

Resu lt(+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .  

Di agn osis  

This  parameter i nd icates  success.  

Resu lt(-)  

This  se lection  type  parameter i nd icates  that the  service  request fa i l ed .  

Di agn osis  

This  parameter i nd icates  an  error.  

6. 4  AR type  S  

AR cons ists  of four classes:  Cycl ic con trol ,  Remote  con trol ,  RCL communication  control ,  and  
RT commun ication  control .  F igure  6  shows  the  s tructure.  
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Figu re  6  – Stru ctu re of AR type  S  of F AL type  25   

There  are  two  AR end  poin ts  i n  each  node  for the  RCL communication  and  the  RT 
communication .  These  end  poin ts  correspond  to  the  RCL commun ication  con trol  cl ass  and  the  
RT communication  control  cl ass  respectivel y.  The  Cycl ic control  cl ass  i s  a  cl ass  re lating  to  the  
cycl ic communication .  The  Remote  con trol  class  is  a  class  re lating  to  the  remote  device  
con trol .   

6. 4. 1  Cycl i c  con trol  type S  

6. 4. 1 . 1  Cycl i c con trol  type S  cl ass  specifi cation  

6. 4. 1 . 1 . 1  Formal  mod el  

F AL ASE:  AR ASE  type  S   

CLASS:  Cycl i c con trol  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Attribu te:  CYC_ID  

2  (m)  Attribu te:  B lock area  

3  (m )  Attribu te:  CYC_status  

4  (m )  Attribu te:  Station  address  

5  (m )  Attribu te:   Max cycletime  

SERVICES:  

1  (m )  OpsService:  CYC_WRITE  

2  (m )  OpsService:  CYC_READ  

3  (m )  OpsService  CTL_CYCLIC  

6. 4. 1 . 1 .2  Attribu tes  

6. 4. 1 . 1 .2 . 1  CYC_I D  

This  parameter represents  the  i denti fication  of the  cycl ic operation .   

6. 4. 1 . 1 .2 . 2  Block area  

This  parameter represents  the  block area  for transm ission  i n  the  shared  memory.   

AR ASE

Remote control

RT communication  controlRCL communication  control

Cyclic  control
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6. 4. 1 . 1 .2 . 3  CYC_statu s  

This  parameter represents  the  status  of cycl ic  operation .   

6. 4. 1 . 1 .2 . 4 Stati on  add ress  

This  parameter represents  the  node  (station)  number of own  node.   

6. 4. 1 . 1 .2 . 5  M ax cycl eti m e  

This  parameter represent the  maximum  cycle  that can  be  used  i n  cycl ic  communication  on  
Type S  network.   

6. 4. 1 . 1 .3  Service  speci ficati on  

6. 4. 1 . 1 .3 . 1  CYC_WRITE  

This  service  is  u sed  to  wri te  data  to  the  shared  memory.  Table  22  shows the  parameters  for 
th is  service.  

Table  22  – CYC_WRITE servi ce param eters  

Param eter n am e  req  cn f 

Argument  M   

CYC_ID  M  M  (=)  

B lock_ID    

CYCdata    

Resu l t  (+ )   S  

Status   M  

Add i ti onal_info   C  

Resu l t  ( -)   S  

Status   M  

Add i ti onal_info   C  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

CYC_I D  

This  parameter represents  the  i denti fication  of th is  service  request.  

Block_ID  

This  parameter speci fi es  the  b lock area  in  the  shared  memory to  wri te  CYCdata.   

CYCd ata  

This  parameter speci fies  the  data  to  wri te  i n to  the  shared  memory.   

Resu lt  (+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .   

Statu s  

This  parameter i nd icates  success.   

Ad di tion al _in fo  
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Th is  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i ti onal  in formation .  

Resu lt (-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .   

Statu s  

Th is  parameter i nd icates  fai l u re .   

Servi ce n ot su pported;  

Com man d  param eter error;  

Con figu rati on  d ata error.  

Ad di tion al_i n fo  

This  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i tional  i n formation .  

6. 4. 1 . 1 . 3. 2  CYC_RE AD  

This  service  is  used  to  read  data  from  the  shared  memory.  Table  23  shows  the  parameters  for 
th is  service.  

Table  23  – CYC_RE AD servi ce param eters  

Param eter n am e  req  cn f 

Argument  M   

CYC_ID  M  M  (=)  

B lock_ID  M  M  (=)  

Resu l t  (+)   S  

CYCdata   M  

S tatus   M  

Add i ti onal _in fo   C  

Resu l t  ( -)   S  

S tatus   M  

Add i ti onal _in fo   C  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

CYC_I D  

This  parameter represents  the  i denti fication  of th is  service  request.  

Block_ID  

This  parameter speci fi es  the  b lock area  to  read  the  data  from  the  shared  memory.   

Resu lt  (+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .   

CYCd ata  

This  parameter conta ins  the  data  of the  speci fi ed  B lock_ID  i n  shared  memory.   

Statu s  

This  parameter i nd icates  success.   

Ad di tion al _in fo  
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Th is  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i ti onal  in formation .  

Resu lt (-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .   

Statu s  

Th is  parameter i nd icates  fai l u re .  

Servi ce n ot su pported;  

Com man d  param eter error;  

Con figu rati on  d ata error.  

Ad di tion al_i n fo  

This  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i tional  i n formation .  

6. 4. 1 . 1 . 3. 3  CTL_CYCLI C  

This  service  con trols  the  cycl ic commun ication .  Table  24  shows  the  parameters  for th is  
service.  

Tabl e  24 – CTL_CYCLI C  service  param eters  

Param eter n am e  req  cn f 

Argument  M   

CYC_ID  M   

CYCctl  M   

CTLdata  M   

Resu l t  (+)   S  

 S tatus   M  

Add i ti onal _in fo   C  

Resu l t  ( -)   S  

S tatus   M  

Add i ti onal _in fo   C  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

CYC_I D  

This  parameter represents  the  i denti fication  of th is  service  request.  

CYCctl  

This  parameter contains  the  command  to  con trol  the  cycl ic communication .   

CTLdata  

This  parameter conta ins  the  data  to  configure  the  cycl ic control  commun ication .   

Resu lt  (+)  

This  se lection  type  parameter i nd icates  that the  service  request succeeded .   

Statu s  

This  parameter i nd icates  success.   

Ad di tion al _in fo  
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Th is  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i ti onal  in formation .  

Resu lt (-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .   

Statu s  

Th is  parameter i nd icates  fai l u re .  

Servi ce n ot su pported;  

Com man d  param eter error;  

Con figu rati on  d ata error.  

Ad di tion al_i n fo  

This  fi e ld  contains  the  node  profi l es  such  as  Station  address  and  I P  address,  and  vendor-
speci fic add i tional  i n formation .  

6. 4. 2  Remote con trol  

6. 4. 2 .1  Remote con trol  specifi cati on  

6. 4. 2 .1 . 1  Formal  mod el  

FAL ASE:  AR ASE  type  S   

CLASS:  Remote con trol  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Attribu te:  Station  address  

2  (m )  Attribu te:  I P  address  

SERVICES:  

1  (m )  OpsService:  SendRMTCTL 

6. 4. 2 .1 .2  Attribu tes  

6. 4. 2 .1 .2 . 1  Stati on  add ress  

This  parameter represents  the  node  (station)  number of the  node.   

6. 4. 2 . 1 .2 . 2  IP  add ress  

This  parameter represents  the  I P  address  of own  node.   

6. 4. 2 . 1 .3  Service  speci ficati on  

6. 4. 2 . 1 .3 . 1  Sen d RM TCTL 

This  service  is  u sed  to  wri te  data  to  the  shared  memory.  Table  25  shows the  parameters  for 
th is  service.  
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Tabl e  25  – Sen dRM TCTL servi ce  parameters  

Param eter n am e  req  cn f 

Argument  M  M  

D_add  M  M  

S_add  M  M  

CMD  M   

CMDdata  C   

Resu l t  (+)   S  

CMD_rsp   M  

CMDdata_rsp   C  

Resu l t  ( -)   S  

CMD_rsp   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

D_ad d  

This  parameter i s  the  address  of the  destination  node.  

S_add  

This  parameter i s  the  address  of the  source  node.  

CM D 

This  parameter contains  the  command  for remote  con trol  operation .  

CM Ddata  

The parameter conta ins  the  data  sen t to  another node  to  use  remote  con trol .  

Resu lt (+)  

CM D_rsp  

This  parameter con tains  the  response command  from  the  node  wh ich  received  remote  
con trol  command .  

CM Ddata_rsp  

This  parameter con ta ins  the  response  data  from  the  node  wh ich  received  remote  control  
command .  

Resu lt (-)  

This  selection  type  parameter i nd icates  that the  service  request fa i l ed .   

CM D_rsp  

This  parameter con tains  the  response  command  to  noti fy that  the  service  request fai l ed  to  
receive  remote  control  command.  

6. 4. 3  RCL com mu n icati on  con trol  

6. 4. 3. 1  RCL  com mu n i cati on  con trol  cl ass  specifi cati on  

6. 4. 3. 1 . 1  Formal  mod el  

F AL ASE:  AR ASE  type  S   

CLASS:  RCL com m u n icati on  con trol  

CLASS  I D:  N ot u sed  
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PARENT CLASS:  Top 

ATTRIBUTES:  

1  (m )  Attribu te:  Station  address  

2  (m )  Attribu te:   MAC address  

3  (m )  Attribu te  Node status  

4  (m )  Attribu te  Port  A s tatus  

5  (m )  Attribu te  Port  B  s tatus  

6  (m )  Attribu te:  DL-mapping-reference  

SERVICES:  

1  (m )  OpsService:  RCL_START 

2  (m )  OpsService:  RCL_STOP 

6.4.3. 1 .2  Attributes  

6.4.3. 1 .2 . 1  Station  address  

This  parameter represents  the  node  (station)  number of the  node.   

6.4.3.1 .2 .2  MAC address  

This  parameter represen ts  the  MAC address  of own  node.   

6.4.3.1 .2 .3  Node status  

This  parameter represen ts  the  node  s tatus  of own  node.   

6.4.3.1 .2 .4 Port A status  

This  parameter represents  the  l ink status  at the  port A of own  node.  

6.4.3.1 .2 .5  Port B  status  

This  parameter represents  the  l i nk status  at the  port B  of own  node.  

6.4.3. 1 .2 .6  DL-mapping-reference  

This  attribute  provides  a  reference to  the  underl ying  Data  L ink Layer mapping  for the  
conveyance  path  for th is  AR ASE.  DL  mapping  attributes  for the  data- l ink l ayer are  speci fi ed  
i n  I EC PAS  62953-6-25.  

6.4.3. 1 .3  Service specification  

6.4.3. 1 .3 . 1  RCL_START 

This  service  i s  used  to  s tart the  speci fied  RCL frame transm iss ion .  Th is  i s  i n i ti ated  by l ocal  
action .  Table  26  shows the  parameters  for th is  service.  
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Table  26  – RCL_START servi ce param eters  

Param eter n am e  i n d  

Argument  M  

RCLType  M  

D_add  M  

RCLPri  M  

RCLPort  M  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  i nd ication  from  DLL.   

RCLType 

This  parameter represen ts  the  RCL type  of the  requested  RCL frames  from  DLL.  

D_ad d  

This  parameter represen ts  the  MAC address  of the  requested  RCL  frames  from  DLL.  

RCLPri  

This  parameter represen ts  the  priori ty wi th  VLAN  of the  requested  RCL  frames  from  DLL.  

RCLPort  

This  parameter represen ts  the  transm ission  port  of the  requested  RCL frames  from  DLL.   

6. 4. 3.1 .3. 2  RCL_STOP 

This  service  is  used  to  stop  the  speci fied  RCL frames  transm ission .  Th is  i s  i n i tiated  by l ocal  
action .  Table  27  shows the  parameters  for th is  service.  

Table  27  – RCL_STOP service param eters  

Param eter n am e  i n d  

Argument  M  

RCLType  M  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  i nd ication  from  DLL.   

RCLType 

This  parameter represen ts  the  RCL type  of the  requested  RCL frames  from  DLL.  

6. 4. 4  RT commu n i cation  con trol  

6. 4. 4.1  RT commu n i cation  con trol  cl ass  speci fi cati on  

6. 4. 4.1 . 1  Formal  mod el  

F AL ASE:  AR ASE  type  S   

CLASS:  RT com mu n i cati on  con trol  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top  

ATTRI BU TES:  

1  (m )  Attribu te:  Station  address  

2  (m )  Attribu te:  MAC address  

3  (m )  Attribu te:  DL-mapping-reference  
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SERVICES:  

1  (m )  OpsService:  SendCTL  

2  (m )  OpsService:  Send INFO  

3  (m )  OpsService:  SendCTL_RMT 

4  (m)   OpsService:  SendCYC  

6. 4. 4.1 . 2  Attri bu tes  

6. 4. 4.1 . 2 . 1  Stati on  add ress  

Th is  parameter represen ts  the  node  (station)  number of the  node.   

6. 4. 4.1 .2 . 2  M AC add ress  

Th is  parameter represen ts  the  MAC address  of own  node.   

6. 4. 4.1 .2 . 3  DL-m appin g-referen ce  

Th is  attribute  provides  a  reference to  the  underl ying  Data  L ink Layer mapping  for the  
conveyance  path  for th is  AR ASE.  DL mapping  attributes  for the  data- l ink l ayer are  speci fi ed  
i n  I EC PAS  62953-6-25.  

6. 4. 4.1 .3  Servi ce specifi cation  

6. 4. 4.1 .3. 1  Sen d CTL 

This  service  i s  used  to  send  the  con trol  commun ication  frames  other than  remote  con trol  
service.  Table  28  shows  the  parameters  for th is  service.  

Tabl e  28  – Sen dCTL service param eters  

Param eter n am e  req  i n d  cn f 

Argument  M  M  (=)   

D_add  M  M  (=)   

S_add  M  M  (=)   

CTLdata  M  M  (=)   

Resu l t  (+)    S  

  S tatus    M  

Resu l t  ( -)    S  

  S tatus    M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

D_add  

This  parameter is  the  address  of the  destination  node.   

S_add  

This  parameter i s  the  address  of the  source  node.  

CTLdata  

The parameter contains  the  data  sen t by control  communication .   

Resu lt  (+)  

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-5-25  © I EC  201 5  – 1 45  –  

Statu s  

This  parameter i nd icates  success.   

Resu lt (-)  

This  selection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re.   

6. 4. 4.1 .3. 2  Sen d IN FO 

This  service  i s  used  to  send  the  i n formation  communication  frames.  Table  29  shows  the  
parameters  for th is  service.  

Tabl e  29  – Sen dI N FO  servi ce  parameters  

Param eter n am e  req  i n d  cn f 

Argument  M  M  (=)   

D_add  M  M  (=)   

S_add  M  M  (=)   

I NFOdata  M  M  (=)   

Resu l t  (+)    S  

S tatus    M  

Resu l t  ( -)    S  

S tatus    M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

D_add  

This  parameter is  the  address  of the  destination  node.   

S_add  

This  parameter i s  the  address  of the  source  node.  

IN FOdata  

The parameter contains  the  send ing  i n formation  data.   

Resu lt  (+)  

Statu s  

This  parameter i nd icates  success.   

Resu lt  (-)  

This  se lection  type  parameter i nd icates  that the  service  request fa i l ed .   

Statu s  

This  parameter i nd icates  fai l u re.   

6. 4. 4. 1 .3 . 3  Sen d CTL_RM T 

This  service  is  used  to  send  the  control  communication  frames.  Table  30  shows  the  
parameters  for th is  service.  
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Tabl e  30  – Sen dCTL_RM T servi ce  param eters  

Param eter n am e  req  i n d  rsp  cn f 

Argument  M  M  (=)  M  M  (=)  

D_add  M  M  (=)  M  M  (=)  

S_add  M  M  (=)  M  M  (=)  

CTLdata  M  M  (=)  M  M  (=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

D_add  

This  parameter is  the  address  of the  destination  node.   

S_add  

This  parameter i s  the  address  of the  source  node.  

CTLdata  

The parameter contains  the  data  sen t by control  communication .   

6. 4. 4. 1 .3 . 4 Sen d CYC  

This  service  i s  used  to  send  the  i n formation  communication  frames.  Table  31  shows  the  
parameters  for th is  service.  

Table  31  – Sen d CYC servi ce  parameters  

Param eter n am e  req  i n d  

Argument  M  M  (=)  

D_add  M  M  (=)  

S_add  M  M  (=)  

CYCdata  M  M  (=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.   

D_add  

This  parameter is  the  address  of the  destination  node.   

S_add  

This  parameter i s  the  address  of the  source  node.  

CYCd ata  

The parameter contains  the  data  sen t by cycl ic  communication .   

6. 5  AR type  N  

AR consists  of three  classes:  Cycl ic transm iss ion  class,  Acycl ic transm ission  class  and  
RT(Real  time)  communication  class.  F igure  7  shows  the  s tructure.  
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Figu re 7  – Stru ctu re  of AR type  N  of F AL type 25   

There  are  two AR end  poin ts  i n  each  node  for the  cycl ic transm iss ion  and  the  acycl ic 
transm ission .  These  end  poin ts  correspond  to  the  Cycl ic  transm ission  control  cl ass  and  the  
Acycl ic transm ission  control  class  respectivel y.  The  RT communication  control  class  i s  a  class  
re lating  to  commun ication  paths  control  between  end  nodes  and  re lating  to  commun ication  
priori ty control .  

6. 5. 1  Cycl i c tran smi ssion  con trol  

6. 5. 1 . 1  Cycl i c tran smi ssion  con trol  cl ass  specifi cati on  

6. 5. 1 . 1 . 1  Formal  mod el  

FAL ASE:  AR ASE  type  N  

CLASS:  Cycl i c tran smi ssion  con trol  cl ass   

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top  

ATTRI BU TES:  

1  (m )  Key Attribu te:  Dfn  

2  (m )  Key Attribu te:  Tm id  

3   (m )  Attribu te  Pri  

4  (m )  Attribu te  Mgn  

SERVICES:  

1  (m )  OpsService:  Wri te_cycl icdata  

2  (m )  OpsService:  Read_cycl icdata  

3  (m )  OpsService:  Ctl_cycl ic  

6. 5. 1 . 1 .2  Attribu tes  

6. 5. 1 . 1 . 2 . 1  Dfn  

Th is  attribu te  represents  the  data  fie ld  number to  wh ich  the  transfer memory associated  wi th  
the  i den ti fi er (Tm id)  belongs.  

6. 5. 1 . 1 . 2 . 2  Tm id  

Th is  attribu te  represents  the  transfer memory i den ti fication  number of the  transfer memory.  
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6. 5. 1 . 1 . 2 . 3  Pri  

Th is  attribu te  represents  the  transm iss ion  priori ty of cycl ic  data .  

6 . 5. 1 . 1 . 2 . 4  Mgn  

Th is  attribu te  represents  the  mu l ticast group  number to  send/receive  the  transfer memory.  

6. 5. 1 . 1 .3  Sevi ce  specifi cation  

6. 5. 1 . 1 .3. 1  Wri te_cycl i cdata  

This  service  i s  used  to  wri te  cycl ic data  i n to  the  transfer memory.  Table  32  shows  the  
parameters  for th is  service.  

Tabl e  32  – Wri te_cycl i cdata servi ce  param eters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

DstMgn  M  M(=)  

Tm id  M  M(=)  

Pri  M  M(=)  

OffsetAddress  M  M(=)  

S i ze  M  M(=)  

Cycl i cData  M  M(=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fies  the  data  fie ld  number to  wh ich  the  transfer memory associated  
wi th  the  i den ti fier (Tm id)  be longs.  

DstM gn  

Th is  parameter speci fi es  the  mu l ticast group  number to  send  the  transfer memory.  

Tm id  

Th is  parameter speci fi es  the  transfer memory i den ti fication  number of the  transfer 
memory.  

Pri  

Th is  parameter speci fi es  the  transm iss ion  priori ty of cycl ic  data.  

OffsetAd d ress  

Th is  parameter speci fi es  the  d istance  from  the  beg inn ing  address  of the  transfer memory 
area  for the  Cycl icData  to  be  wri tten .  

Size  

Th is  parameter speci fi es  the  s i ze  of Cycl icData.  

Cycl i cData  

Th is  parameter speci fi es  the  transm itting  cycl ic  data.  

6. 5. 1 . 1 .3. 2  Ctl _cycl ic  

Th is  service  is  used  to  con trol  the  cycl ic transm ission .  Table  33  shows the  parameters  for th is  
service.  
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Table  33  – Ctl _cycl ic  servi ce  parameters  

Param eter n am e  req  cn f 

Argument  M   

TargetDfn  M   

TargetMgn  M   

Tm id  M   

CtlCmd  M   

Resu l t(+)   S  

D iagnosis   M  

Resu l t(-)   S  

D iagnosis   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Targ etDfn  

This  parameter speci fi es  the  data  fi eld  number to  wh ich  the  transfer memory associated  
wi th  the  i den ti fier (Tm id )  be longs.  

Targ etM gn  

This  parameter speci fi es  the  mu l ticast group  number to  con trol  the  transfer memory.  

Tmid  

This  parameter speci fies  the  transfer memory i den ti fication  number of the  transfer 
memory.  

Ctl Cmd  

This  parameter speci fi es  con trol  command .  

START 

Cycl ic  transm ission  started .  

STOP 

Cycl ic  transm ission  stopped .  

Resu lt(+)  

Th is  selection  type  parameter i nd icates  that the  service  request  succeeded .  

Di ag n osis  

Th is  parameter i nd icates  success.  

Resu lt(-)  

Th is  selection  type  parameter i nd icates  that the  service  request  fa i l ed .  

Di ag n osis  

Th is  parameter i nd icates  an  error.  

6. 5. 2  Acycl ic  tran smi ssion  con trol  

6. 5. 2 .1  Acycl ic  tran smi ssion  con trol  class  specifi cati on  

6. 5. 2 .1 . 1  Formal  mod el  

FAL ASE:  AR ASE  type  N  

CLASS:  Acycl ic  tran smi ssi on  con trol  cl ass  
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CLASS I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Key Attribu te:  Dfn  

2  (m )  Key Attribu te:  Node-address  

2 . 1  (m )  Attribu te:   Mgn  

2 . 2  (m )  Attribu te:  Lnn  

3  (m )  Attribu te:  Tcd  

4  (m )  Attribu te:  Pri  

SERVICES:  

1  (m )  OpsService:  Transm it_acycl icdata1  

2  (m )  OpsService:  Transm it_acycl icdata2  

3  (m )  OpsService:  Ctl_cycl icdata  

6. 5. 2 . 1 .2  Attribu tes  

6. 5. 2 . 1 . 2 . 1  Dfn  

Th is  attribu te  represen ts  the  data  fie l d  number to  wh ich  the  mu l ticast group belongs.  

6. 5. 2 . 1 . 2 . 2  Node-address  

Th is  attribu te  represents  the  node  address.   

6 . 5. 2 . 1 . 2 . 3  Mgn  

Th is  attribu te  represents  the  mu l ticast group  number to  send/receive  the  acycl i c data.  

6 . 5. 2 . 1 . 2 . 4  Lnn  

Th is  attribu te  represents  the  l og ical  node  number to  send /receive  the  acycl i c data.  

6 . 5. 2 . 1 . 2 . 5  Tcd  

Th is  attribute  represen ts  the  transaction  code  correspond ing  to  the  characteristics  of each  
acycl ic  data.  

6 . 5. 2 . 1 . 2 . 6  Pri  

Th is  attribu te  represents  the  transm iss ion  priori ty of acycl ic  data .  

6. 5. 2 . 1 .3  Service  speci ficati on  

6. 5. 2 . 1 .3 . 1  Tran sm i t_acycl i cd ata1  

This  service  i s  used  to  transm it acycl ic data  ( type  1 )  to  the  desti nation  mu l ticast group or 
destination  node.  Table  34  shows  the  parameters  for th is  service.  
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Table  34 – Tran smi t_acycl i cd ata1  servi ce  parameters  

Param eter n am e  req  i n d  cn f 

Argument  M  M(=)   

DstDfn  M  M(=)   

Node-add ress  M  M(=)   

DstMgn  S  S(=)   

DstLnn  S  S(=)   

Tcd  M  M(=)   

Pri  M  M(=)   

CtlType  M  M(=)   

I nq -i d  C  C(= )  M  

NodeList  C  C(= )   

Data  M  M   

DataLength  M  M   

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request  prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fi es  the  data  fie l d  number to  wh ich  the  desti nation  mu l ticast group or 
the  destination  l og ica l  node  belongs.  

N od e-add ress  

Th is  parameter speci fi es  the  destination  node  add ress.   

DstM gn  

Th is  parameter speci fi es  the  destination  mu l ticast group  number to  send  the  acycl ic data.  

DstLn n  

Th is  parameter speci fi es  the  destination  l og ica l  node  number to  send  the  acycl ic data.  

Tcd  

This  parameter speci fies  the  transaction  code  correspond ing  to  the  characteristics  of each  
acycl ic  data.  

Pri  

Th is  parameter speci fi es  the  transm iss ion  priori ty of acycl ic  data.  

CtlType  

Th is  parameter speci fi es  the  communication  type  of a  receiving  message.  

M LT 

This  type  speci fi es  a  mu l ticast  communication .  

ON E 

This  type  speci fi es  a  peer to  peer (one  to  one)  communication .  

IN Q 

This  type  speci fies  an  i nqu i ry commun ication .  

RPL 

This  type  speci fies  a  reply response communication .   

N IQ 
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Th is  type  speci fi es  an  n - inqu i ry communication .  

M CR 

This  type  speci fi es  a  mu l ticast  communication  wi th  re-transm iss ion  control .   

In q-id  

Th is  parameter speci fies  the  i nqu iry i den ti fier to  match  the  i nqu iry/ n - inqu i ry 
communication  message  to  the  repl y response communication  message.  Each  node  wh ich  
received  an  i nqu iry communication  message responds  wi th  the  repl y commun ication  
message.  Nodes  wh ich  are  speci fi ed  i n  the  node- l i st respond  wi th  the  repl y communication  
message.  An  I nq- i d  sha l l  be  un ique  i n  each  node.  

N od eLi st  

This  parameter speci fies  the  l i s t of desti nation  node  requ i red  to  response.  

Data  

This  parameter speci fies  data  to  transm it.  

DataLen gth  

This  parameter speci fies  the  l eng th  of Data.  

6. 5. 2 . 1 .3 . 2  Tran sm it_acycl i cd ata2  

This  service  is  used  to  transm it  a l i ve  message data  i n to  the  destination  mu l ticast g roup.  Table  
35  shows the  parameters  for th is  service.  

Tabl e  35  – Tran smit_acycl i cd ata2  servi ce parameters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

DstMgn  M  M(=)  

Al i veMode  M  M(=)  

Task-i n fo1  C  C(= )  

Task-i n fo2  C  C(= )  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fies  the  data  fi e ld  number to  wh ich  the  destination  mu l ticast group 
belongs.  

DstM gn  

This  parameter speci fi es  the  desti nation  mu l ticast  group  number to  send  a l i ve  messages.  

Al iveM od e 

This  parameter speci fi es  the  type  of an  a l i ve-message.  

N orm al  report  (al i ve)  

This  type  represents  that a  node  is  i n  acti ve  s tate.  

N oti ce (Sh u tdown )  

This  type  represents  that a  node  wi l l  be  schedu led  to  en ter shutdown  state.  

N oti ce (M ain ten an ce)  

This  type  represents  that a  node  wi l l  be  schedu led  to  enter main tenance  state.  

Task-i n fo1  
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Th is  parameter speci fi es  l i st of state  of tasks-information-1  on  the  own  node.  Each  task-
information-1  consists  of 4  e lements.  

Ta_ch galvstat  

This  e lement represents  status  change  on  the  task.  

N o ch an g e,  

Statu s  ch an g e (from  “d ead”  state  to  “al ive”  state) ,  

Statu s  ch an g e (from  “al ive”  state  to  “d ead”  state) .  

Ta_ch gin fostat  

This  e lement represents  the  presence or absence  of change  regard ing  i n formation  of 
the  task.  

N o ch an g e,  

Ch an g e.  

Ta_ti d  

This  e lement represents  the  i den ti fi er of a  task.  

Ta_d ata  

This  e lement represents  the  user defined  data  of a  task.  

Task-in fo2  

This  parameter speci fi es  the  task i n formation  that the  user set.  

6. 5. 2 . 1 .3 . 3  Ctl _acycl i c  

This  service  i s  used  to  con trol  acycl ic  transm ission .  Table  36  shows  the  parameters  for th is  
service.  

Table  36  – Ctl _acycl i c service  param eters  

Param eter n am e  req  cn f 

Argument  M   

TargetDfn  M   

CtlCmd  M   

Resu l t(+)   S  

D iagnosis   M  

Resu l t(-)   S  

D iagnosis   M  

NOTE  The  method  by wh ich  a  confi rm  prim i ti ve  i s  correl ated  wi th  i ts  correspond ing  preced ing  request prim i ti ve  
i s  l ocal  matter.  See  1 . 2 .    

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

Targ etDfn  

This  parameter speci fies  a  targeted  data  fi e l d  number.  

Ctl Cmd  

This  parameter speci fi es  con trol  command .  

START 

Acycl ic transm iss ion  started .  

STOP 

Acycl ic transm iss ion  stopped .  
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Resu lt(+)  

This  selection  type  parameter i nd icates  that the  service  request succeeded .  

Di agn osis  

This  parameter i nd icates  success.  

Resu lt(-)  

This  selection  type  parameter i nd icates  that the  service  request fa i l ed .  

Di agn osis  

This  parameter i nd icates  an  error.  

6. 5. 3  RT commu n i cation  con trol  type N  

6. 5. 3.1  RT commu n i cation  con trol  type N  cl ass  specifi cation  

6. 5. 3.1 . 1  Formal  mod el  

F A ASE:  AR ASE  type  N  

CLASS:  RT commu n i cation  con trol  cl ass  N  

CLASS  I D:  N ot u sed  

PAREN T CLASS:  Top 

ATTRI BU TES:  

1  (m )  Key Attribu te:  Dfn  

2  (m )  Key Attribu te:  Node-address  

2. 1  (m )  Attribu te:   Mgn  

2. 2  (m)  Attribu te:  Lnn  

3  (m )  Attribu te:  Tcd  

SERVICES:  

1  (m )  OpsService:  Send_cycl icdata  

2  (m )  OpsService:  Send_acycl icdata  

6. 5. 3.1 .2  Attribu tes  

6. 5. 3. 1 . 2 . 1  Dfn  

Th is  attribute  represents  the  data  fie l d  number to  wh ich  the  mu l ticast group or l og ical  node  
belongs.  

6. 5. 3 . 1 . 2 . 2  Node-address  

Th is  attribu te  represents  the  node  address.   

6 . 5. 3 . 1 . 2 . 3  Mgn  

Th is  attribu te  represents  the  mu l ticast  group  number to  send/receive  data.  

6 . 5. 3 . 1 . 2 . 4  Ln n  

Th is  attribu te  represen ts  the  l og ical  node  number to  send /receive  data.  

6 . 5. 3 . 1 . 2 . 5  Tcd  

Th is  attribute  represents  the  transaction  code  correspond ing  to  the  characteristics  of each  
data.  
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6. 5. 3.1 .3  Service specification  

6. 5. 3.1 .3. 1  Sen d _cycl i cdata  

This  service  i s  used  to  send  a  cycl ic PDU  i n to  the  desti nation  data  fie ld .  Table  37  shows  the  
parameters  for th is  service.  

Tabl e  37  – Sen d _cycl icdata servi ce param eters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

DstMgn  M  M(=)  

PDUdata  M  M(=)  

 

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  attribu te  speci fies  the  data  fie l d  number to  wh ich  the  mu l ticast  g roup  be longs.  

DstM gn  

Th is  parameter speci fi es  the  mu l ticast g roup  number to  send  a  cycl ic  PDU .  

PDU d ata  

This  parameter speci fi es  the  data  of a  cycl ic PDU .  

6. 5. 3.1 .3. 2  Sen d _acycl i cd ata  

Th is  service  i s  used  to  send  an  acycl ic PDU  in to  the  destination  data  fi e l d  or the  desti nation  
l og ical  node.  Table  38  shows  the  parameters  for th is  service.  

Table  38  – Sen d _acycl i cd ata  servi ce param eters  

Param eter n am e  req  i n d  

Argument  M  M(=)  

DstDfn  M  M(=)  

Node-add ress  M  M(=)  

DstMgn  S  S(=)  

  DstLnn  S  S(=)  

PDUdata  M  M(=)  

  

Arg u m en t 

The argument conta ins  the  parameters  of the  service  request.  

DstDfn  

This  parameter speci fies  the  data  fi e ld  number to  wh ich  the  mu l ticast group or l og ical  
node  belongs.  

N od e-add ress  

This  parameter speci fi es  the  node  address.   

DstM gn  

This  parameter speci fi es  the  mu l ticast  group  number to  send/receive  data.  

DstLn n  
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Th is  parameter speci fi es  the  l og ical  node  number to  send /receive  data.  

PDUdata  

This  parameter speci fies  the  data  of an  acycl ic  PDU .  
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IN DU STRI AL COM M U N I CATION  N ETWORKS – 
FIELDBU S SPECIFI CATION S – 

 
Part 6-25:  Appl icati on  layer protocol  specificati on  – 

Type 25 elements  
 
 
 

1  Scope 

1 . 1  G en eral  

The F iel dbus  Appl ication  Layer (FAL)  provides  user programs wi th  a  means  to  access  the  
fie ldbus  commun ication  environment.  I n  th is  respect,  the  FAL can  be  viewed  as  a  “window 
between  correspond ing  appl ication  programs. ”  

Th is  standard  provides  common  elements  for bas ic time-cri tical  and  non-time-cri tical  
messag ing  communications  between  appl ication  programs in  an  au tomation  envi ronment and  
materia l  speci fic to  Type 1 2  fie ldbus.  The  term  “time-cri tica l ”  i s  used  to  represen t the  
presence of a  t ime-window,  wi th in  wh ich  one  or more  speci fi ed  actions  are  requ ired  to  be  
completed  wi th  some defined  l evel  of certain ty.  Fa i lure  to  complete  speci fied  actions  wi th in  
the  time  window risks  fai l u re  of the  appl ications  requesting  the  actions,  wi th  attendant risk to  
equ ipment,  p lan t and  possibl y human  l i fe.  

Th is  s tandard  defines  i n  an  abstract way the  external l y vis ib le  behavior provided  by the  
d i fferent  Types  of the  fie ldbus  Appl ication  Layer i n  terms  of 

a)  the  abstract syn tax defin ing  the  appl ication  l ayer protocol  data  un i ts  conveyed  between  
communicating  appl ication  enti ti es,  

b)  the  transfer syn tax defin ing  the  appl ication  l ayer protocol  data  un i ts  conveyed  between  
communicating  appl ication  enti ti es,   

c)  the  appl ication  con text state  mach ine  defin ing  the  appl ication  service  behavior vis ib le  
between  communicati ng  appl ication  enti ties ;  and   

d )  the  appl ication  relationsh ip  state  mach ines  defin ing  the  communication  behavior vis ible  
between  communicati ng  appl ication  enti ties ;  and .  

The  purpose  of th is  s tandard  i s  to  defi ne  the  protocol  provided  to   

a)  define  the  wire-representation  of the  service  prim i ti ves  defined  i n  I EC  PAS 62953-5-25,  
and   

b)  define  the  external l y vis ib le  behavior associated  wi th  thei r transfer.  

Th is  standard  speci fi es  the  protocol  of the  I EC fie ldbus  Appl ication  Layer,  i n  conformance  
wi th  the  OSI  Bas ic Reference Model  ( ISO/I EC 7498)  and  the  OSI  Appl ication  Layer Structure  
( ISO/I EC 9545).  

FAL services  and  protocols  are  provided  by FAL appl ication-enti ti es  (AE)  con tained  wi th in  the  
appl ication  processes.  The  FAL AE  is  composed  of a  set  of object-orien ted  Appl ication  
Service  E lements  (ASEs)  and  a  Layer Management En ti ty (LME)  that manages  the  AE.  The  
ASEs provide  communication  services  that operate  on  a  set of re lated  appl ication  process  
obj ect (APO)  classes.  One  of the  FAL ASEs  i s  a  management ASE that provides  a  common  
set of services  for the  management of the  instances  of FAL classes.  

Al though  these  services  speci fy,  from  the  perspective  of appl ications,  how request and  
responses  are  i ssued  and  de l i vered ,  they do  not  i nclude  a  speci fication  of what  the  requesting  
and  respond ing  appl ications  are  to  do  wi th  them .  That i s ,  the  behavioral  aspects  of the  
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appl ications  are  not speci fi ed ;  on l y a  defin i tion  of what requests  and  responses  they can  
send /receive  i s  speci fi ed .  Th is  perm i ts  greater flexibi l i ty to  the  FAL users  i n  standard izing  
such  obj ect behavior.  I n  add i ti on  to  these  services,  some supporti ng  services  are  a lso  defined  
i n  th is  standard  to  provide  access  to  the  FAL to  con trol  certa in  aspects  of i ts  operation .  

1 .2  Specification  

The principal  objective  of th is  standard  is  to  speci fy the  syn tax and  behavior of the  appl ication  
l ayer protocol  that conveys  the  appl ication  layer services  defined  i n  I EC  PAS 62953-5-25.  A 
secondary obj ecti ve  is  to  provide  m igration  paths  from  previous l y-existi ng  i ndustria l  
commun ications  protocols.  I t  i s  th is  l atter objecti ve  wh ich  g i ves  rise  to  the  d i vers i ty of 
protocols  standard ized  i n  subparts  of I EC  61 1 58-6.  

1 .3  Conformance  

This  s tandard  does  not speci fy i nd ividual  implementations  or products,  nor does  i t  constrain  
the  implementations  of appl ication  layer en ti ties  wi th in  i ndustria l  au tomation  systems.  

There  i s  no  conformance  of equ ipment to  the  appl ication  l ayer service  defin i tion  standard .  
I nstead ,  conformance is  ach ieved  through  implementation  of th is  appl ication  l ayer protocol  
speci fication .  

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC PAS  62953-3-25,  Industrial communication  networks – Fieldbus specifications – Part 3-
25:Data-link layer service definition  – Type 25 elements 

I EC PAS  62953-4-25,  Industrial communication  networks – Fieldbus specifications – Part 4-
25: Data-link layer protocol specification – Type 25 elements 

I EC PAS  62953-5-25,  Industrial communication networks – Fieldbus specifications – Part 5-
25: Application layer service definition – Type 25 elements 

I SO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition  of OSI services 

I SO/IEC 7498-1 ,  Information technology – Open Systems Interconnection  – Basic Reference 
Model:  The Basic Model 

I SO/IEC 7498-3,  Information technology – Open Systems Interconnection – Basic Reference 
Model:  Naming and addressing 

I SO/IEC 8802-3: 2000,  Information technology – Telecommunications and information  
exchange between systems – Local and metropolitan area networks – Specific requirements – 
Part 3:  Carrier sense multiple  access with collision detection (CSMA/CD)  access method and 
Physical Layer specifications 

I SO/IEC 1 0731 ,  Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition  of OSI services 

I EEE  802. 1 D-2004,  IEEE Standard for Local and metropolitan area networks – Media access 
control (MAC)  Bridges,  avai l ab le  at <h ttp: //www. ieee. org>  
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I EEE  802. 1 Q-2005,  IEEE Standard for Local and metropolitan area networks – Virtual Bridged 
Local Area Networks,  avai l able  at <h ttp: //www. ieee. org>  

3 Terms,  defi n i ti on s,  symbol s  and  abbrevi ati ons  

3. 1  Referen ce  mod el  term s an d  d efi n i ti on s   

3. 1 . 1  ISO/IEC 7498-1  term s  

For the  purposes  of th is  document,  the  fo l l owing  terms  g iven  i n  I SO/IEC  7498-1  appl y:  

a)  appl ication  enti ty;  

b)  appl ication  process;  

c)  appl ication  protocol  data  un i t;  

d )  appl ication  service  e lement;  

e)  appl ication  enti ty i nvocation ;  

f)  appl ication  process  i nvocation ;  

g )  appl ication  transaction ;  

h )  real  open  system ;  

i )  transfer syn tax.  

3. 1 . 2  ISO/IEC  8822  terms  

For the  purposes  of th is  document,  the  fol lowing  terms  g iven  i n  I SO/I EC  8822  apply:  

a)  abstract syn tax;  

b)  presentation  context.  

3. 1 . 3  ISO/IEC 9545 terms  

For the  purposes  of th is  document,  the  fol l owing  terms  g iven  i n  I SO/IEC  9545  appl y:  

a)  appl ication-association ;  

b)  appl ication-context;  

c)  appl ication  context name;  

d )  appl ication-enti ty- invocation ;  

e)  appl ication-enti ty-type;  

f)  appl ication-process- invocation ;  

g )  appl ication-process-type;  

h )  appl ication-service-e lement;  

i )  appl ication  control  service  e lement.  

3. 1 . 4  ISO/IEC  8824 terms  

For the  purposes  of th is  document,  the  fo l l owing  terms  g iven  i n  I SO/I EC  8824  appl y:  

a)  obj ect identi fi er;  

b)  type.  

3. 1 . 5  ISO/IEC  61 1 58  term s  

For the  purposes  of th is  document,  the  fol l owing  terms  g iven  i n  I EC  61 1 58  appl y:  

a)  DLL mapping  protocol  mach ine;  
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b)  fie l dbus  appl ication  l ayer;  

c)  FAL service  protocol  mach ine;  

d )  protocol  data  un i t.  

3. 2  Ad di tion al  term s an d  d efin i ti on s  for th i s  I EC  PAS  62953-6-25  

3. 2. 1   
ADP  m essag e  

a message  conveyed  by an  au tonomous  decentral i zed  system  protocol  

3. 2. 2   
al ive-message  

a message reporting  own  node  state,  period ical l y transm i tted  

3. 2. 3   
bl ock 

basic  un i t  of data  transferred  i n  a  cycl ic communication ,  each  having  a  s i ze  of 64  bytes  

3. 2. 4   
categ ory N _ f  

category of an  au tonomous  decentral i zed  system  protocol  (fu l l  speci fications)  i n  type  N  

3. 2. 5   
categ ory N _l  
category of an  au tonomous  decen tra l i zed  system  protocol  ( l i gh t weight speci fications)  i n  type  
N  

3. 2. 6   
con trol  commu n i cation  

acycl ic  data  commun ication  for h i gher time-cri tical  appl ications  i n  type  S  network  

3. 2. 7   
cycl i c commu n i cation  
period ic data  communication  for real - time  commun ication   

3. 2. 8   
cycl i c tran sfer m emory 
A memory wh ich  i s  a l located  to  each  node  i n  the  data  fie l d ,  wh ich  each  node  transm its  
period ica l l y for the  purpose  of sharing  of th is  memory area  log ical l y  

3. 2. 9   
data  fi el d  

a l og ica l  p lace  through  wh ich  speci fic  data  passes,  correspond ing  to  rea l  networks  

3. 2. 1 0   
dom ain  

adm in istrative  set  cons isting  of mu l ti p le  data  fi e lds  

3. 2. 1 1   
du pl ex LAN  

two d i fferent network-paths  between  end  nodes  

3. 2. 1 2   
equ ipm en t 

physical  hardware  connected  to  the  network ( i . e .  s tation ,  device,  and  server)  
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3. 2. 1 3   
in form ation  comm u n i cation  
acycl ic  data  communication  for l ower time-cri tical  appl ication  i n  type  S  network  

3. 2. 1 4   
log i cal  n od e,  n od e  

equ ipment in  data  fi e lds ,  where  an  au tonomous  decen tral i zed  system ’s  function  is  i nsta l l ed  

3. 2. 1 5   
messag e  mod e  
i denti fier that i nd icates  the  uses  of a  message (whether an  on l i ne  message  or a  test 
message)  

3. 2. 1 6   
mu l ti cast grou p  
a group of nodes  be long ing  to  a  data  fi e ld  to  determ ine  whether to  receive  same data  from  
other node  

3. 2. 1 7   
n ode  l i st  

bi t  array structure  of speci fying  a  node  to  receive  a  request data  

3. 2. 1 8   
n ode  m ode  
i denti fier that i nd icates  the  usage  of a  node  (whether an  on l i ne  node  or a  test node)  

3. 2. 1 9   
pri m ary LAN  

a LAN  used  i n  normal  state  in  a  duplex LAN  system  

3. 2. 20   
pri ori ty con trol  
control  the  transm iss ion  order wi th  VLAN  priori ty to  ensure  the  real - time commun ication  i n  
type  S  network.   

3. 2. 21   
RCL com mu n icati on  

con trol  ri ng  network of type  S  network using  RCL frames   

3. 2. 22   
Rem ote con trol  

con trol  the  node  based  on  remote  method  i nvocation  

3. 2. 23   
secon dary LAN  

a LAN  for backup  of a  primary LAN  i n  a  duplex LAN  system  

3. 2. 24   
tran sacti on  code  

i n formation  to  i denti fy the  characteristics  of the  message  wi th in  a  PDU  

3. 3  Symbol s  an d  abbreviati on s  

ADP  Au tonomous  Decen tral i zed  Protocol  

ADS-n et  Au tonomous  Decen tral i zed  System  – network  

AE  Appl ication  En ti ty 

AL  Appl ication  Layer 
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AP  Appl ication  Process  

APDU  Appl ication  Protocol  Data  Un i t  

APO  Appl ication  Process  Object 

AR  Appl ication  Relationsh ip  

AREP  Appl ication  Relationsh ip  Endpoin t  

ARPM  Appl ication  Relationsh ip  Protocol  Mach ine  

ASCI I  American  Standard  Code  for I n formation  I n terchange  

ASE  Appl ication  Service  E lement  

ASN .1  Abstract Syn tax Notation  1  

CP  Communication  Profi le   [I EC  61 784-2]  

CPF  Communication  Profi le  Fam i l y  [I EC  61 784-2 ]  

CRC  Cycl ic  Redundancy Check 

DF  Data  F iel d  

Dfn  Data  F ield  Number 

DLL  Data- l i nk Layer 

Dmn  DoMain  Number 

DMPM  DLL Mapping  Protocol  Mach ine  

DSCP  D i ffServ Code  Poin t  

FAL  F i e ldbus  Appl ication  Layer 

FSPM  FAL Service  Protocol  Mach ine  

GMT  G reenwich  Mean  Time  

IP  I n ternet  Protocol  

IPv4  I n ternet  Protocol  vers ion  4  

IPv6  I n ternet  Protocol  vers ion  6  

LCA   Loop  cond i ti on  a lert  (Type S  frame type)  

LCC  Loop  cond i ti on  check (Type  S  frame type)  

LCN  Loop  cond i ti on  noti fy (Type  S  frame type)  

LLD  Log ical  l i nk down  

LLU  Log ical  l i nk up  

LNA  Loop  noti fy answer (Type  S  frame type)  

Lnn  Log ical  Node  Number 

LSB  Least S ign i ficant  B i t  

MCG  Mu l tiCast  Group  

Mgn  Mu l ticast Group Number 

MSB  Most S ign i fican t B i t  

MTU  Maximum  Transm ission  Un i t  

OSI  Open  Systems  I n terconnection  

PDU  Protocol  Data  Un i t  

PLD  Physical  l i nk down  

QoS   Qual i ty-of-service  

RCL  Ri ng  control  

RHE  Rapid  hel lo  (Type  S  frame type)  

RMTCTL  Remote  control  

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-6-25  © I EC  201 5  – 1 69  –  

RT  Real  t ime 

SCR  Station  cond i tion  report  (Type S  frame type)  

TCD  Transaction  CoDe  

TCP  Transm ission  Control  Protocol  

TM ID  Transfer Memory I den ti fi er 

U DP  U ser Datagram  protocol  

3. 4  Con ven tion s  

3. 4. 1  Gen eral  con ven ti on s  

Conven tions  used  in  th i s  document are  defined  i n  I EC  61 1 58  Type  25  and  I EC  61 784-2  
CPF  20.  

3. 4. 2  Con ven ti on s  for cl ass  d efin i tion s  

This  description  of FAL type  25  uses  a  subset of ASN . 1 .  The  fol lowing  structures  are  used .  
Selective  type  (CHOICE)  – Represents  a  selection  from  cand idate  types  

Sequence  type  (SEQUENCE)  – Represents  a  fixed-order l i st  

as  i n  the  fo l l owing  example:   

DLPDU : : =  SEQUENCE {  
preamble  Preamble,  
sfd   SFD,  
destaddr DestAddr,  
srcaddr SrcAddr,  
vl an tag   VLAN tag,  
l t   LT,  
d lsdu   FAL-PDU,  
fcs   FCS  
}  

NOTE  Th is  example  shows  that  the  DLPDU  wh ich  represents  the  E thernet frame  i s  defi ned  as  SEQUENCE.  The  
DLPDU  consists  of Preamble,  SFD,  DestAdd r,  SrcAdd r,  VLANtag ,  LT,  FALL-PDU  and  FCS  

3. 4. 3  Con ven ti on s  for bi t  d escri pti on  i n  octets  

When  i den ti fying  each  b i t  i n  an  octet,  each  b i t  i s  i den ti fied  by a  number as  shown  i n  F igure  1  
and  described  as  B i t n .   

 

Fig u re 1  – Bi t  d escri pti on  i n  octets   

When  speci fying  mu l ti p le  b i ts  sequen tia l l y l ocated ,  the  range  symbol  ( . . )  i s  used  (e . g . :  7 . . 0 ,  
speci fies  b i ts  7  through  0 ,  i ncl us ive).  

When  speci fying  mu l tip le  octets ,  the  LSB  of the  lowest octet i s  ass igned  as  0,  and  bi t  
i denti fication  numbers  are  assigned  in  an  ascend ing  order.  

NOTE  For example,  when  speci fying  4  octets,  the  MSB  of the  h i ghest  octet  i s  B i t  31 ,  the  MSB  of the  second  octet  
i s  B i t  23,  the  MSB  of the  th i rd  octet  i s  B i t  1 5,  and  the  MSB  of the  l owest octet  i s  B i t  7 .  

Copyright International  Electrotechnical  Commission  



 – 1 70  – I EC PAS  62953-6-25  © I EC  201 5  

3. 4. 4  Con ven ti on s  for state  mach in e  d escri pti on s  

The state  mach ine  description  i s  defi ned  i n  tabu lar form  as  shown  i n  Table  1 .  The  mean ings  
of the  e lements  are  shown  i n  Table  2 .  The  conven tions  used  in  the  state  mach ines  are  shown  
i n  Table  3 .  

Each  row of s tate  table  represents  a  state  transi tion .  The  fi rst co lumn  shows the  state  
trans i tion  name or number.  The  second  column  shows  the  cu rren t state.  The  th i rd  column  
shows the  even ts,  cond i ti ons  and  actions.  The  fourth  column  shows the  next state.  When  an  
even t or cond i ti on  is  fu l fi l led ,  the  action  is  performed  and  the  state  mach ine  transi ts  to  the  
next state.  

Tabl e  1  – State  tran si tion  d escri pti on s   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

 

Table  2  – Description s  of state  m ach in e elemen ts   

Des cri pti on  el em en t  M ean i n g  

# Number of the  trans i ti on .  

Curren t state,   

Next state  

Names  of the  ori g i nati ng  state  and  the  target  s tate  of transi ti on .  

Event  Name or d escripti on  of the  tri gger even t that  fi re  the  transi ti on .  

/cond i ti ons  Boolean  expression ,  wh ich  must be  true  for the  trans i ti on  to  be  fi red .  

=>actions  L i st  of ass ignments  and  servi ce  or fu nction  i nvocations.  The  action  shou ld  be  atom ic.  
The  preced ing  “=> ”  i s  not  part  of the  action .  

NOTE  “*/  cond i ti ons”  may be  om i tted  

 

Table  3  – Con ven ti on s  u sed  in  state  mach in e   

Con ven ti on  M ean i n g  

=  Substi tu ti on  of the  ri gh t  s i de  for the  l eft  s i de  

==  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  equa l  to  an  i tem  on  the  ri gh t.  

! =  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  not  equal  to  an  i tem  on  the  ri gh t  

<  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  l ess  than  the  i tem  on  the  ri gh t  

>  A l og ical  cond i ti on  to  i n d icate  an  i tem  on  the  l eft  i s  g reater than  the  i tem  on  the  ri gh t  

&& Log ica l   “AND”  

| |  Log ica l   “OR”  

!  Negation  operator 

+  – *  /  Ari thmetic  operator 

;  Breakpoin t  

 

4 FAL syntax descri pti on  

4. 1  F AL PDU  type S  abstract syn tax 

4. 1 . 1  Basi c  abstract  syn tax 

The defin i tions  of FALPDU  are  shown  below.  
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FAL-PDU: : =  CHOICE  {  
 RCL-PDU,  
 RT-PDU  
}  
 
RCL-PDU: : =  CHOICE  {  
 RHE-PDU,   
 LCC-PDU,   
 LCA-PDU ,  
 LCN-PDU,  
 LNA-PDU ,  
 SCR-PDU  
}  
 
RT-PDU: : =  CHOICE  {  
 Cycl ic_S-PDU,   
 CTL-PDU ,   
 I NFO-PDU  
}  
 
CTL-PDU : : =  CHOICE  {  
 Control -PDU ,   
 RMTCTL-PDU  
}  
 

4.1 . 1 . 1  RCL-PDU  

RCL_header to  be  used  i n  each  RCL-PDU  is  shown  as  fol lows.  

 
RCL_header: : =  SEQUENCE  {  
 Frame Class   CLASS,  
 Dst Address   SEQUENCE  {  
  Reserved1    Unsigned8,  
  DA_STaddress   ST_Address,  
  DA_MACaddress   MAC_Address  
 } ,  
 Src Address   SEQUENCE  {  
  Reserved2    Unsigned8,  
  SA_STaddress   ST_Address,  
  SA_MACaddress   MAC_Address  
 } ,  
 RCL Command  RCLCMD,  
 Frame Sequence  SequenceNum32,  
 Reserved3   OCTET STRING(SIZE  20)  
}  
 

4. 1 . 1 . 1 . 1  RHE-PDU  

RHE-PDU: : =  SEQUENCE {  
 RCL_header  RCL_HEADER,  
 RHE_header  SEQUENCE  {  
  RHE_Common  SEQUENCE  {  

Send  D i rection   PortNum ,  
   RHE  Sequence   SequenceNum32  
   } ,  
  Neighborhood  address  SEQUENCE  {  
   Reserved1    Uns igned32,  
   NB_STaddress   ST_Address,  
   NB_MACaddress   MAC_Address  
   } ,  
  RHE  ReceiveStatus   RHE_RxStatus,  
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  True  Status    SEQUENCE  {   
   Reserved2    Unsigned32,  
   Physical  L i nkdown   PLD,  
   Reserved3    Unsigned32  
   } ,  
  B locking  Status    BLK_Status,  
  Node  Status     Node_Status,  
  Reserved4     OCTET STRING(SIZE  20)  
} ,  
 Reserved5   OCTET STRING(SIZE  64),  
 RHE_pattern   SEQUENCE  {  

RHE_pattern1   Pattern32 ,  
RHE_pattern2   Pattern32 ,  
RHE_pattern3   Pattern32,  
RHE_pattern4   Pattern32,  
 ･  

  ･  
  ･  
}  
 

4. 1 . 1 . 1 .2  LCC-PDU  

LCC-PDU: : =  SEQUENCE  {  
 RCL_header  RCL_HEADER,  
 LCC_header  SEQUENCE  {  
  LCC Kind   RCLKIND,  
  LCC Priori ty SEQUENCE  {  
   LCC_Priori ty  Priori ty,  
   LCC_STadd   ST_Address,  
   LCC_MACadd   MAC_Address  
  } ,  
  Reserved1   OCTET STRING(SIZE  52)  

}  
}  
 

4. 1 . 1 . 1 .3  LCA-PDU  

LCA-PDU : : =  SEQUENCE  {  
 RCL_header  RCL_HEADER,  
 LCA_header  SEQUENCE {  
  Reserved1    Uns igned32,  
  RCL Status    RCL_Status,  
  LCA Priori ty  SEQUENCE  {  
   LCA_Priori ty  Priori ty,  
   LCA_STadd   ST_Address,  
   LCA_MACadd   MAC_Address  
  } ,  
 Reserved2    OCTET STRING(SIZE  48)  

}  
}  
 

4.1 . 1 . 1 .4  LCN-PDU  

LCN-PDU: : =  SEQUENCE  {  
 RCL_header  RCL_HEADER,  
 LCN_header  SEQUENCE  {  
  Reserved1    Uns igned32,  
  RCL Status    RCL_Status,  
  Reserved2    OCTET STRING(SIZE  56)  

}  
}  
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4. 1 . 1 . 1 .5  LN A-PDU  

LNA-PDU : : =  SEQUENCE  {  
 RCL_header  RCL_HEADER,  
 LNA_header  SEQUENCE  {  
  Reserved1   Uns igned32,  
  RCL Status   RCL_Status,  
  Reserved2   OCTET STRING(SIZE  56)  

}  
}  
 

4. 1 . 1 . 1 .6  SCR-PDU  

SCR-PDU: : =  SEQUENCE {  
 RCL_header  RCL_HEADER,  
 SCR_header  SEQUENCE  {  
  En try Number  EntryNum,  
  SendStat Time  Send_Time,  
  Reserved1   OCTET STRING(SIZE  52)  
},  
 Even t_in fo   SEQUENCE  {  
  Even t0    Even tData,  
  Even t1    Even tData,  
       ･  
       ･  
       ･  

Even t1 6   Even tData  
 }  
}  
 
 

4. 1 . 1 .2  RT-PDU  

4. 1 . 1 .2 .1  Cycl i c_S-PDU  

Cycl ic_S-PDU: : =  SEQUENCE {  
 I P_header  I P_HEADER,  
 UDP_header  UDP_HEADER,  
 Reserved1   Uns igned1 6,  
 Cycl ic_header  CYCLIC_HEADER,  
 B lock_num   SEQUENCE  {  
  B lock number1   B lockNum ,  
  B lock number2   B lockNum ,  
   ･  
   ･  
   ･  
  B lock number21   B lockNum,  
  BLock_num  pattern   Pattern1 6  
 } ,  
 Cycl ic_data   SEQUENCE  {  
  B lock data1   B lockData,  
  B lock data2   B lockData,  
   ･  
   ･  
   ･  
  B lock data21   B lockData  
 } ,  
 Cycl ic_FCS   CFCS  
}  
 
Cycl ic_header: : =  SEQUENCE {  
 Cycl ic_pattern   CYCLIC_PATTERN,  
 Tota l_Block  TOTAL_BLOCK,  
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 Src STaddress  ST_Address,  
 Reserved1   Uns igned8  
}  
 

4. 1 . 1 .2 .2  CTL-PDU  

4. 1 . 1 .2 .2 . 1  Con trol -PDU ,   

Control -PDU : : =  SEQUENCE {  
 I P_header  I P_HEADER,  
 UDP_header  UDP_HEADER,  
 CTL_data   CTLdata  
}  
 

4. 1 . 1 .2 .2 . 2  RM TCTL-PDU  

CTL_cycl ic-PDU: : =  SEQUENCE  {  
 I P_header  I P_HEADER,  
 UDP_header  UDP_HEADER,  
 RMTCTL_CMD SEQUENCE  {  
  Reserved1   Uns igned1 6,  
  Header Type   HEADER_TYPE,  
  Modu le  I D   MODULE_ID,  
  Station  number ST_NUM,  
   Command  code   RMTCTL_CMD,  

Length    LENGTH ,  
  RMTCTL Status  STATUS,  
  RMTCTL Kind   RMTKIND,  
  RMTCTL Length  RMT_LENGTH ,  
  RMTCTL Address  RMT_ADD,  
  Send  Number  SND_NUM,  
  Reserved1     Uns igned1 6,  
  Reserved2   Uns igned32  
  } ,  

RMTCTL data   RMTCTL_DATA 
}  
 

4. 1 . 1 . 2 . 3  IN FO-PDU  

INFO-PDU : : =  SEQUENCE {  
 I P_header  I P_HEADER,  
 UDP_header  UDP_HEADER,  
 I NFO_data   I NFOData  
}  
 

4. 2  F AL PDU  type N  abstract syn tax 

4. 2. 1  Basi c  abstract  syn tax 

The defin i tions  of FALPDU  are  shown  be low.  
FAL-PDU: : =  CHOICE  ｛ 

Cycl icData-PDU  [0 ]  Cycl icData-PDU  ,  
Mu l ticastData-PDU   [1 ]  Mu l ticastData-PDU  ,  
PtoP Data-PDU   [2 ]  PtoP  Data-PDU  ,  
Al i ve in fo-PDU   [3 ]  Al i veinfo-PDU  ,  
Al i veinfo6-PDU    [4 ]  Al i veinfo6-PDU  ,  
I nq-PDU    [5 ]  I nq -PDU  ,  
N inq-PDU    [6 ]  N inq -PDU  ,  
Reply-PDU    [7 ]  Reply-PDU  ,  
RetransEnq -PDU  [8]  RetransEnq-PDU,  
RetransConfi rm-PDU  [9]  RetransConfi rm-PDU ,  
RetransNak-PDU  [1 0]  RetransNak-PDU  
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｝  
 
FALAR-N  Header to  be  used  in  each  PDU  is  shown  as  fol l ows.  
 
FALAR-N  Header: : =  SEQUENCE  ｛ 

hd_h_type    Hd_h_type  ,  
hd_m l     Hd_m l  ,  
hd_sa     Hd_sa  ,  
hd_da     Hd_da  ,  
hd_v_seq    Hd_v_seq  ,  
hd_seq     Hd_seq  ,   
hd_m_ctl    Hd_m_ctl  ,  
hd_inq id    Hd_inq id  ,  
hd_tcd     Hd_tcd  ,  
hd_ver    Hd_ver ,  
reserved1   OctString  SIZE(3)  ,  
hd_pkind    Hd_pkind  ,  
hd_pseq    Hd_pseq  ,  
hd_mode   Hd_mode ,  
hd_pver    Hd_pver ,  
hd_pri     Hd_pri  ,  
hd_cbn     Hd_cbn  ,  
hd_tbn     Hd_tbn  ,  
hd_bsize    Hd_bsize  ,  
reserved2   OctStri ng  SIZE(4)   
｝  

 
Hd_inq id : : =  SEQUENCE  {   

i nq id_inq_sa   I nq id_inq_sa  ,  
i nq id_tr_adr   I nq id_tr_adr ,  
i nq id_id_seq   I nq id_id_seq  
｝  

 

4. 2. 2  Cycl i cData-PDU  

Cycl icData-PDU: : =  SEQUENCE  {  
falArHeader  FALAR-N  Header ,  
tm id    Tm id  ,  
b lockNumber  B lockNumber ,  
b lockCount  B lockCount ,  
cycl icData   Cycl icData  
}  

 

4. 2. 3  M u lti castData-PDU  

 Mu l ticastData-PDU: : =  SEQUENCE  {  
falArHeader  FALAR-N  Header ,  
mu l ticastData   Mu l ticastData  
}  

 

4. 2. 4  PtoPData-PDU  

PtoP Data-PDU  : : =  SEQUENCE  {  
fa lArHeader  FALAR-N  Header ,  
poin tToPoin tData  Poin tToPointData   
}  

 

4. 2. 5  Al ivei n fo-PDU  

Al iveinfo-PDU  : : =  SEQUENCE {  
falArHeader  FALAR-N  Header ,  
a l i ve4Header  ALIVE4  Header ,  
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a l_ExtentionList   SEQUENCE  of Al_ExtentionList  ,  
a l_Extention I nfo  Al_Extenyion I nfo   
}  

 
ALIVE4  Header: : =  SEQUENCE {  

a l_nd_name  Al_nd_name ,  
a l_os_name  Al_os_name ,  
a l_tm_out  Al_tm_out ,  
a l_msgserno   Al_msgserno  ,  
a l_mode    Al_mode  ,  
a l_protocol   Al_protocol  ,  
a l_tg_cmn_cnt  Al_tg_cmn_cnt ,  
a l_tg_cflag   Al_tg_cflag  ,  
reserved1   OctStri ng  SIZE(1 )  ,  
a l_tg_max  Al_tg_max ,  
a l_tg_usecn t   Al_tg_usecn t ,  
a l_chg_time  Al_chg_time  ,  
a l_ipv4addr1   Al_ipv4addr1  ,  
a l_ipv4addr2   Al_ipv4addr2  ,  
a l_ver   AL_ver ,  
reserved2   OctStri ng  SIZE(1 5)   
}  

 
Al_Exten tionList : : =  SEQUENCE  {  

a l_ta_chgalvstat  Al_ta_chgalvstat ,   
a l_ta_chg infostat  Al_ta_chg infostat  ,  
a l_ta_tid    Al_ta_tid  ,  
a l_ta_data   Al_ta_data  
}  

 

4. 2. 6  Al ivei n fo6-PDU  

Al iveinfo6-PDU  : : =  SEQUENCE {  
fa lArHeader  FALAR-N  Header,  
a l i ve6Header  ALIVE6 Header ,  
a l_ExtentionList   SEQUENCE  of Al_ExtentionList  ,  
a l_Extention I nfo  Al_Exten tion I n fo   
}    

 
ALIVE6 Header: : =   SEQUENCE  {   

a l_nd_name  Al_nd_name ,  
a l_os_name  Al_os_name ,  
a l_tm_out  Al_tm_out ,  
a l_msgserno   Al_msgserno  ,  
a l_mode    Al_mode  ,  
a l_protocol   Al_protocol    
a l_tg_cmn_cnt  Al_tg_cmn_cnt ,  
a l_tg_cflag   Al_tg_cflag  ,  
reserved1   OctString  SIZE(1 )  ,  
a l_tg_max  Al_tg_max ,  
a l_tg_usecnt   Al_tg_usecn t ,  
a l_chg_time   Al_chg_time  ,  
reserved2   Al_ipv4addr1  ,  
reserved3   Al_ipv4addr2  ,  
a l_ver   AL_ver ,  
reserved4   OctStri ng  SIZE(1 5)  ,  
a l_ipv6addr1   Al_ipv6addr1  ,  
a l_ipv6addr2   Al_ipv6addr2   
}  

4. 2. 7  In q-PDU  

I nq -PDU: : =  SEQUENCE {  
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falArHeader  FALAR-N  Header ,  
i nqu irydata   I nqu iryData  
}   

  

4. 2. 8  N in q -PDU  

Ninq-PDU: : =  SEQUENCE {  
falArHeader  FALAR-N  Header ,  
node- l ist    Node-List ,  
n inqu i rydata   N inqu iryData  
}  

 

4. 2. 9  Repl y-PDU  

Reply-PDU: : =  SEQUENCE {  
falArHeader  FALAR-N  Header 
}  

 

4. 2. 1 0  Retran sEn q -PDU  

RetransEnq -PDU : : =  SEQUENCE  {  
falArHeader   FALAR-N  Header ,  
retransRequest    RetransRequest ,  
retransRequestNode   RetransRequestNode  ,  
retransNumberOfRequests  RetransNumberOfRequests  ,  
reserved1    OctStri ng  SIZE(4)  ,  
retransI nfo-List       SEQUENCE  of RetransI n foList  
}  

 
RetransI nfoList : : =  SEQUENCE {  

retransMcg    RetransMcg  ,  
retransPseqNo   RetransPseqNo  
}  

 

4. 2. 1 1  Retran sCon fi rm -PDU  

RetransConfi rm : : =  SEQUENCE {  
falArHeader   FALAR-N  Header ,  
retransRequest    RetransRequest ,  
retransNumberOfRequests  RetransNumberOfRequests  ,  
retransI nfo-List    SEQUENCE   of RetransI nfoList  
}  

  

4. 2. 1 2  Retran sN ak-PDU  

RetransNAK-PDU: : =  SEQUENCE {  
f a lArHeader   FALAR-N  Header ,  
retransRequest    RetransRequest ,  
retransNumberOfRequests  RetransNumberOfRequests  ,  
retransI nfo-List    SEQUENCE   of RetransI nfoList   
}  

 

4. 3  Data  type  assig n m en ts  for type  S  

Data  types  used  in  FALPDU  type  S  abstract syn tax are  shown  as  fo l lows.  

BLK_Status: : =  Unsigned32  
B lockData: : =  OCTET STRING(SIZE=64)  
B lockNum : : =  Unsigned1 6  
CLASS: : =  Unsigned1 6  
CLTData: : =  OCTET STRING(SIZE  =  1 8. . 1 472)  
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CYCLIC_FCS: : =  Uns ighed32  
EntryNum : : =  Uns igned32  
ERR_ADD: : =  Uns igned32  
HEADER_TYPE: : =  Uns igned1 6  
INFOData: : =  OCTET STRING(SIZE  =  1 8. . 1 472)  
I P_Header: : =  OCTET STRING(SIZE=20)  
MODULE_ID: : =  Unsigned1 6  
Node_Status: : =  Uns igned32  
Pattern1 6: : =  Unsigned1 6  
Pattern32 : : =  Unsigned32  
Pattern8: : =  Uns igned8  
PLD: : =  Uns igned32  
PortNum: : =  Uns igned32  
Priori ty: : =  Unsigned8  
RCL_Status: : =  Uns igned32  
RCLCMD: : =  Uns igned32  
RCLKIND: : =  Uns igned32  
RMT_ADD: : =  Unsigned32  
RMT_LENGTH : : =  Unsigned1 6  
RMTCTL_CMD: : =  Uns igned1 6  
RMTCTL_DATA: : =  OCTET STRING(SIZE  =  0. . 1 440)  
RMTKIND: : =  Unsigned1 6  
SendTime: : =  OCTET STRING(SIZE=8)  
SequenceNum32: : =  Uns igned32  
SND_NUM: : =  Uns igned1 6  
ST_Address: : =  Unsigned8  
ST_NUM: : =  Uns igned1 6  
STATUS: : =  Uns igned32  
TOTAL_BLOCK: : =  Unsigned8  
UDP_Header: : =  OCTET STRING(SIZE=8)  

 

4.4  Data  type  assignments  for type  N  

Data  types  used  in  FALPDU  type  N  abstract syn tax are  shown  as  fol lows.  

Al_Exten tion I nfo: : =  OctStri ng  SIZE(0. . 664)  
Al_chg_time: : =  Uns igned32  
Al_ipv4addr1 : : =  OctString  S IZE(4)   
Al_ipv4addr2 : : =  OctString  S IZE(4)   
Al_ipv6addr1 : : =  OctString  S IZE(1 6)  
Al_ipv6addr2 : : =  OctString  S IZE(1 6)  
Al_mode: : =  Uns igned8  
Al_msgsernot: : =  Uns igned1 6  
Al_nd_name: : =  OctString  S IZE(1 0)   
Al_os_name: : =  OctStri ng  S IZE(1 0)  
Al_protocol : : =  Uns igned8   
Al_ta_chgalvstat: : =  Unsigned8  
Al_ta_chg infostat: : =  Uns igned8  
Al_ta_data: : =  i n terger1 6  
Al_ta_tid : : =  Uns igned1 6   
Al_tg_cflag : : =  Unsigned8  
Al_tg_cmn_cn t: : =  Uns igned1 6  
Al_tg_max: : =  Uns igned1 6   
Al_tg_usecnt: : =  Unsigned1 6  
Al_tm_out: : =  Uns igned32   
AL_ver: : =  Uns igned8  
B lockCount: : =  Uns igned1 6   
B lockNumber: : =  Unsigned1 6  
Cycl icData: : =  Octstri ng  S IZE(64. . 1 6640)  
Data  type  ass ignment  
Hd_bsize: : =  unsigned1 6  
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Hd_cbn : : =  uns igned8  
Hd_da: : =  unsigned32  
Hd_h_type: : =  uns igned32  
Hd_m_ctl : : =  uns igned32  
Hd_m l : : =  unsigned32  
Hd_mode: : =  i n teger1 6  
Hd_pkind : : =  unsigned8  
Hd_pri : : =  uns igned8  
Hd_pseq : : =  uns igned32  
Hd_pver: : =  uns igned8  
Hd_sa: : =  unsigned32  
Hd_seq : : =  uns igned32  
Hd_tbn : : =  unsigned8  
Hd_tcd : : =  uns igned1 6  
Hd_v_seq : : =  uns igned32  
Hd_ver: : =  unsigned1 6  
I nq id_id_seq : : =  uns igned32  
I nq id_inq_sa: : =  unsigned32  
I nq id_tr_adr: : =  unsigned32  
I nqu i ryData: : =  OctString  SI ZE(0. . 2621 44)  
Mu l ticastData: : =  OctString  S IZE(0. . 2621 44)  
Node-List: : =  OctStri ng  SI ZE(51 2)  
Poin tToPointData: : =  OctStri ng  S IZE(0. . 2621 44)  
RetransMcg: : =  uns igned32  
RetransNumberOfRequests: : =  uns igned32  
RetransPseqNo: : =  uns igned32  
RetransRequest: : =  uns igned32  
RetransRequestNode: : =  unsigned32  
Tm id : : =  Uns igned32  

5 FAL transfer syn tax 

5. 1  En cod in g  ru l es  

5. 1 . 1  U n si gn ed  en codi n g  

The fixed- length ,  u ns igned  values  Uns igned8,  Unsigned1 6,  Uns igned24,  and  Uns igned32  are  
encoded  as  unsigned  i n tegers  of one  octet,  two octets,  three  octets ,  and  four octets  i n  length ,  
respectivel y.  Uns igned1 6,  Uns igned24,  and  Unsigned32  are  encoded  as  b i g  end ians,  where  
the  most s i gn i fican t octet i s  regarded  as  the  fi rst octet,  the  next octet i s  regarded  as  the  
second  octet,  and  the  l east s i gn i ficant  octet i s  regarded  as  the  last octet.  

5. 1 . 2  Octet strin g  en cod in g  

OctetStri ng  wh ich  has  variable  number of octets  is  encoded  octet  by octet,  i n  sequentia l  
order.  

5. 1 . 3  SEQU EN CE en codi n g  

SEQUENCE encod ing  i s  performed  i n  sequence,  s tarting  from  the  i n i ti al  e lement.  The  
i denti fiers  and  l eng th  used  i n  ASN . 1  are  not used .  

5. 2  F ALPDU  type  S  el em en ts  en cod in g  

5. 2. 1  RCL_h eader 

5. 2. 1 . 1  Fram e Cl ass  

This  fie l d  shows  the  PDU  classes  described  i n  Table  4 .  
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Table  4  – Fram e Cl ass   

Val u e  Des cri pti on  

0x0001  Class  1  frame (RHE-PDU)  

0x0002  Class  2  frame (LCC-PDU,  LCA-PDU,  LCN -PDU,  LNA-PDU,  SCR-PDU)  

 

5. 2. 1 . 2  Dst  Ad d ress  

5. 2. 1 .2 .1  Reserved 1  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0x00.  

5. 2. 1 .2 .2  D A_STadd ress  

This  fie l d  i nd icates  the  desti nation  station  address  described  i n  Table  5.   

Table  5  – D A_STad d ress  – D A_STad d ress  

Val u e  Des cri pti on  

0xFF  RHE-PDU,  LCC-PDU,  LCN-PDU,  SCR-PDU  

SA_STadd ress  i n  the  recei ved  LCC-PDU  LCA-PDU  

SA_STadd ress  i n  the  recei ved  LCN -PDU  LNA-PDU  

 

5. 2. 1 . 2 .3  D A_M ACad dress  

This  fie l d  i nd icates  the  desti nation  MAC address  described  in  Table  6 .   

Tabl e  6  – D A_M ACadd ress   

Val u e  Des cri pti on  

FF-FF-FF-FF-FF-FF  RHE-PDU,  LCC-PDU,  LCN-PDU,  SCR-PDU  

SA_MACaddress  i n  the  received  LCC-PDU  LCA-PDU  

SA_MACaddress  i n  the  received  LCN-PDU  LNA-PDU  

 

5. 2. 1 . 3  Src Ad d ress  

5. 2. 1 .3 .1  Reserved 2  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0x00.   

5. 2. 1 .3 .2  SA_STadd ress  

This  fie l d  i nd icates  the  s tation  address  of the  own  node.   

5. 2. 1 .3 .3  SA_M ACadd ress  

Th is  fie ld  i nd icates  the  MAC address  of the  own  node.   

5. 2. 1 .4  RCL Comm an d  

Th is  fie ld  i s  used  to  identi fy the  RCL frame.  Each  b i t  i n  th is  fi e l d  has  the  fol l owing  mean ings:   
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Tabl e  7  – CM D fi eld  format   

Bi t  Val u e  Des cri pti on  

RH E  LCC  LC A LCN  LN A SCR 

[3: 0]  1  reserved  fi e l d 1  

[7: 4]  0  0  1  2  3  0  un ique  number 1  

[1 1 : 8]  0  1  1  1  1  3  un ique  number 2  

[1 5: 1 2]  0  reserved  fi e l d2  

[23: 1 6]  1  2  2  2  2  2  i nd icates  the  frame class  

[31 : 24]  0  reserved  fi e l d3  

 

5. 2. 1 . 5  Fram e Sequ en ce  

The frame sequence number is  used  to  detect l oss  and  dupl ication  of received  frames.  The  
range  of th is  va lue  i s  from  0x00000000  to  0xFFFFFFFF  wi th  step  s ize  1 .   

5. 2. 1 . 6  Reserved 3  

This  fie l d  i s  reserved  for fu ture  use.  The  value  i s  0 .  

5. 2. 2  RH E-PDU  

5. 2. 2 . 1  RH E_Comm on  

5. 2. 2 . 1 . 1  Sen d  Directi on  

This  fie l d  contains  the  transm ission  port of the  RHE-PDU  as  described  i n  Table  8 .  

Table  8  – Sen d  Di recti on   

Val u e  Des cri pti on  

0x01  Port  A 

0x02  Port  B  

 

5. 2. 2 . 1 .2  RH E Seq u en ce  

This  fie ld  con tains  the  iden ti fication  number of the  RHE-PDU.  The  range  of th is  va lue  i s  from  
0x0000  to  0xFFFF.  The  same va lue  is  used  in  port  A and  port  B.   

5. 2. 2 . 2  N eig h borh ood  add ress  

5. 2. 2 .2 .1  Reserved 1  

This  fie l d  i s  reserved  for fu ture  use.  The  value  is  0x00.  

5. 2. 2 .2 .2  N B_STadd ress  

This  fie l d  i nd icates  the  s tation  address  of the  neighborhood  node.   

5. 2. 2 .2 .3  N B_M ACad dress  

This  fie l d  i nd icates  the  MAC address  of the  neighborhood  node.   
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5. 2. 2 .3  RH E RecieveStatu s  

This  fie l d  i nd icates  the  s tatus  abou t receiving  RHE-PDU  as  described  i n  Table  9  .   

Table  9  – RH E  ReceiveStatu s   

Val u e  Des cri pti on  

1  Recei ving  RHE-PDU  

0  Not receiving  RHE-PDU  

 

5. 2. 2 . 4  Tru e  Statu s  

5. 2. 2 . 4.1  Reserved 2  

This  fie l d  i s  reserved  for fu ture  use.  The  value  i s  0x00000000  

5. 2. 2 . 4.2  Ph ysi cal  Lin kdown  

This  fie l d  i nd icates  the  l i nk status  at  the  port as  described  i n  Table  1 0 .  

Table  1 0  – Ph ysi cal  Lin kdown   

Val u e  Des cri pti on  

1  Physical  L i nk up  

0  Physical  L i nk down  

 

5. 2. 2 . 4.3  Reserved 3  

This  fie l d  i s  reserved  for fu ture  use.  The  value  i s  0x00000000  

5. 2. 2 . 5  Blockin g  Statu s  

This  fie l d  i nd icates  the  s tatus  code  about the  port.   

5. 2. 2 . 6  N od e Statu s  

This  fie l d  i nd icates  the  s tatus  code  about  the  node.   

5. 2. 2 .7  Reserved 4 

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0 .   

5. 2. 2 .8  Reserved 5 

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0 .   

5. 2. 2 .9  RH E_pattern 1 ~4 

Th is  fi e l d  i s  used  to  check the  pattern  of RHE-frames  as  described  i n  Table  1 1 .  The  patterns  
are  repeated  un ti l  the  maximum  leng th  of I SO/IEC 8802-3  standard ’s  frame.   
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Table  1 1  – RH E_pattern  1 ~4  

Pattern  B ytes  Val u e  

RHE_pattern1  4  0xFFFFFFFF  

RHE_pattern2  4  0xAAAAAAAA 

RHE_pattern3  4  0x55555555  

RHE_pattern4  4  0x00000000  

 

5. 2. 3  LCC-PDU  

5. 2. 3. 1  LCC  Kin d  

This  fie l d  i nd icates  the  reason  of send ing  LCC-PDU  as  described  i n  Table  1 2 .   

Table  1 2  – LCC-Ki n d   

Val u e  Des cri pti on  

0x000001 01  Log ica l  l i nk up  port  A of the  node  

0x00000201  Competi ti ve  of receiving  other LCC-PDU  

 

5. 2. 3. 2  LCC  Priori ty 

5. 2. 3.2 .1  LCC_Priori ty 

Th is  fie ld  i nd icates  the  priori ty of LCC-PDU.  Th is  value  is  0x0C.   

5. 2. 3.2 .2  LCC_STadd  

This  fie l d  i nd icates  the  s tation  address  of the  own  node.   

5. 2. 3.2 .3  LCC_M ACadd  

Th is  fie ld  i nd icates  the  MAC address  of the  own  node.   

5. 2. 3.3  Reserved 1  

Th is  fie ld  i s  reserved  for fu ture  use.  Th is  value  is  0 .   

5. 2. 4  LC A-PDU  

5. 2. 4.1  Reserved 1  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0x01 .   

5. 2. 4.2  RCL  Statu s  

Th is  fie ld  i nd icates  the  s tatus  of the  node  send ing  LCA-PDU  as  described  i n  Table  1 3 .   

Table  1 3  – RCL Statu s   

Fi el d  
n am e 

Bi t  Val u e  Des cri pti on  

-  31  . .  24  0x00  Reserved  
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Node  
status  

23  0  or 1  1 :  The  node  i s  i n  “Edge-A”  state.  When  the  b i t  23  and  22  are  “1 ” ,  the  
node  i s  i n  “ I sol ated ”  s tate.  

0 :  The  node  i s  i n  other node  status  (Edge-B  or I n termed iate).   

22  0  or 1  1 :  The  node  i s  i n  “Edge-B”  state.  When  the  b i t  23  and  22  are  “1 ” ,  the  
node  i s  i n  “ I sol ated ”  s tate.  

0 :  The  node  i s  i n  other node  status  (Edge-A or I n termed iate).  

-  21  0  Reserved  

B locking  
status  

20  0  or 1  1 :  Port  A or B  i s  l og ical  l i nk down  port.   

-  1 9  . .  8  0x000  Reserved  

Port  s tatus  7  0  or 1  1 :  Port  A i s  i n  “Port_Li nkup”  s tate.  

6  0  or 1  1 :  Port  B  i s  i n  “Port_Li nkup”  state.  

5  0  or 1  1 :  Port  A i s  physical  l i nk up.  

4  0  or 1  1 :  Port  B  i s  phys ical  l i nk up.   

-  3  . .  0  0x0  Reserved  

 

5.2.4.3  LCA Priori ty  

5.2.4.3.1  LCA_Priori ty 

This  fie l d  i nd icates  the  priori ty i n  the  received  LCC-PDU .   

5.2.4.3.2  LCA_STadd  

This  fie l d  i nd icates  the  s tation  address  i n  the  received  LCC-PDU.   

5.2.4.3.3  LCA_MACadd  

This  fie l d  i nd icates  the  MAC address  i n  the  received  LCC-PDU.  

5.2.4.4  Reserved2  

This  fie l d  i s  reserved  for fu ture  use.  Th is  va lue  i s  0 .   

5.2.5  LCN-PDU  

5.2.5. 1  Reserved1  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  i s  0x01 .   

5.2.5.2  RCL  Status  

This  fie l d  ind icates  the  status  of the  node  send ing  LCN-PDU.  I t  has  the  same format as  
“5. 2. 4 . 2  RCL Status”  described  i n  Table  1 3 .   

5.2.5.3  Reserved2  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  i s  0 .   

5.2.6  LNA-PDU  

5.2.6. 1  Reserved1  

This  fie l d  i s  padd ing  area.  Th is  value  is  0x00.   
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5. 2. 6.2  RCL  Statu s  

Th is  fi e ld  i nd icates  the  status  of the  node  send ing  LNA-PDU .  I t  has  the  same format as  
“5. 2. 4 . 2  RCL Status”  described  i n  Table  1 3 .   

5. 2. 6.3  Reserved 2  

Th is  fie ld  i s  reserved  for fu ture  use.  Th is  value  is  0 .   

5. 2. 7  SCR-PDU  

5. 2. 7.1  En try N u m ber 

Th is  fie ld  i nd icates  the  number to  con tain  the  SCR_Even t entry.   

5. 2. 7.2  Sen d Stat Ti me   

Th is  fie ld  contains  the  send ing  time of seconds.   

5. 2. 7.3  Reserved 1  

Th is  fie ld  i s  reserved  for fu ture  use.  Th is  va lue  i s  0 .   

5. 2. 7.4  Even t0~1 6  

This  fie l d  conta ins  the  even t i n formation  and  speci fies  each  manufacture.   

5. 2. 8  Cycl i c_S-PDU  

5. 2. 8 .1  IP_h ead er 

The  encod ing  of the  fi el ds  shal l  be  accord ing  to  RFC 791 .   

5. 2. 8. 2  U DP_h ead er 

The encod ing  of the  fi el ds  shal l  be  accord ing  to  RFC 768.  

5. 2. 8. 3  Reserved 1  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0x0000.   

5. 2. 8. 4  Block_n u mber1 ~21  

This  fie l d  ind icates  the  i denti fication  number of the  cycl ic data  block and  speci fi es  each  
manufacture.   

5. 2. 8.5  Bl ock_n u m  pattern  

Th is  fie ld  i s  used  to  check the  Cycl ic-PDU  and  speci fies  each  manufacture.   

5. 2. 8.6  Bl ock d ata1 ~21  

This  fie ld  contains  the  cycl ic data.   

5. 2. 8.7  Cycl i c_FCS  

This  fie ld  i s  an  error checking  code  from  Cycl ic-PDU.   

The  generating  pol ynom ial  i s  x32+x26+x23+x22+x1 6+x1 2+x1 1 +x1 0+x8+x7+x5+x4+x2+x1 +1 .   
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5. 2. 9  Cycl i c_h ead er 

5. 2. 9.1  Cycl i c_pattern  

Th is  fie ld  i s  used  to  check the  Cycl ic_header and  speci fies  each  manufacture.   

5. 2. 9.2  Total_Bl ock 

Th is  fie ld  i nd icates  the  number of b locks  in  the  Cycl i c-PDU.   

5. 2. 9.3  Src STadd ress  

Th is  fie ld  i nd icates  the  MAC address  of the  own  node.   

5. 2. 9 .4  Reserved 1  

Th is  fie ld  i s  reserved  for fu ture  use.  Th is  va lue  i s  0x00.   

5. 2. 1 0  Con trol -PDU  

5. 2. 1 0. 1  IP_h ead er 

Refer to  5 . 2 . 8. 1 .   

5. 2. 1 0. 2  U DP_h ead er 

Refer to  5 . 2 . 8. 2 .   

5. 2. 1 0. 3  CTL_d ata  

This  fie l d  contains  the  data  of the  CTL-PDU .   

5. 2. 1 1  RM TCTL-PDU  

5. 2. 1 1 . 1  IP_h ead er 

Refer to  5 . 2 . 8. 1 .   

5. 2. 1 1 . 2  U DP_h ead er 

Refer to  5 . 2 . 8. 2 .   

5. 2. 1 1 . 3  RM TCTL_CM D 

5. 2. 1 1 . 3. 1  Reserved 1  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  i s  0x0000.   

5. 2. 1 1 . 3. 2  H ead er Type  

This  fie l d  i s  used  to  recogn ize  the  remote  con trol  frame.  Th is  value  i s  “RC”  in  ASCI I  code  
(“RC”  =  0x5243).   

5. 2. 1 1 . 3. 3  M odu l e  ID  

This  fie l d  i nd icates  the  modu le  type.  

5. 2. 1 1 . 3. 4  Stati on  n u mber 

This  fie l d  i nd icates  the  s tation  address  of the  desti nation  node.   
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5. 2. 1 1 . 3. 5  Com man d  cod e  

This  fie l d  speci fi es  the  command  type.   

5. 2. 1 1 . 3. 6  Len g th  

Th is  fie ld  i nd icates  the  l eng th  of RMTCTL-PDU.   

5. 2. 1 1 . 3. 7  RM TCTL Statu s  

This  fie l d  i nd icates  the  s tatus  code  about  the  remote  control  operations.   

5. 2. 1 1 . 3. 8  RM TCTL Ki n d  

This  fie l d  i nd icates  the  modu le  type  for remote  memory read ing .  

5. 2. 1 1 . 3. 9  RM TCTL Len gth  

This  fie l d  i nd icates  the  data  s i ze  of remote  memory wri ti ng  or read ing .   

5. 2. 1 1 . 3. 1 0  RM TCTL Add ress  

This  fi l ed  i nd icate  the  address  of remote  memory wri ting  or read ing .   

5. 2. 1 1 . 3. 1 1  Sen d  N u mber 

This  fi l ed  i s  use  to  manage  of the  remote  con trol  by the  FAL-user.   

5. 2. 1 1 . 3. 1 2  Reserved 2  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0x0000.   

5. 2. 1 1 . 3. 1 3  Reserved 3  

This  fie l d  i s  reserved  for fu ture  use.  Th is  value  is  0x00000000.   

5. 2. 1 1 . 3. 1 4  RM TCTL data  

This  fie l d  contains  the  data  of the  remote  control  command .   

5. 2. 1 2  IN FO-PDU  

5. 2. 1 2. 1  IP_h ead er 

Refer to  5 . 2 . 8. 1 .   

5. 2. 1 2. 2  U DP_h ead er 

Refer to  5 . 2 . 8. 2 .   

5. 2. 1 2. 3  IN FO_d ata  

This  fie l d  conta ins  the  data  of the  I NFO-PDU .   

5. 3  F ALPDU  type  N  el em en ts  en cod in g  

5. 3. 1  Gen eral  

FALPDU  type  N  headers  exclud ing  user data  are  speci fi ed  us ing  the  TCP/IP  network byte  
ordering  convention ,  wh ich  is  known  as  b i g  end ian .   
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5. 3. 2  F ALAR-N  H ead er 

5. 3. 2 .1  h d_h _type  

This  fie l d  sha l l  i nd icate  the  header type  speci fication  described  i n   

Table  1 4.  Speci fy "NUXM"  or “NUV6”  i n  ASCI I .  PDUs transm i tted  in  I Pv4  Data  fi e ld  speci fy 
“NUXM”.  PDUs  transm i tted  in  I Pv6  Data  fie ld  speci fy “NUV6”.  

Table  1 4  – h d _h _type  

Val u e  PDU  type  

“NUXM”  PDUs  transm i tted  i n  I Pv4  Data  fi e l d   

“NUV6”  PDUs  transm i tted  i n  I Pv6  Data  fi e l d  

 

5. 3. 2 . 2  h d_ml  

This  fi e ld  shal l  i nd icate  the  l eng th  of the  total  message i nclud ing  FALAR-N  header l eng th  (=  
64  bytes)  and  message  l eng th .   (hd_m l  =  64  +  message  l eng th)  

5. 3. 2 . 3  h d_sa  

This  fiel d  sha l l  con tain  the  address  of the  source  node  (Log ical  Node  Number)  described  i n  
F igu re  2 .  

0                    7  8                  1 5  1 6                                    31  b i t  

Dmn  Dfn  Lnn  

      Dmn:  DoMain  Number  (=0)  
       Dfn :  Data  F ie ld  Number 
      Lnn :  Log ical  Node  Number 

Fi gu re 2  – h d _sa  

Dmn :  

A domain  i s  defined  as  the  concept above the  data  fie ld .   A domain  consists  of mu l tip le  data  
fie l ds.   Usual l y,  one  data  fie ld  i s  defi ned  as  a  l ocal  l ocation  and  connected  to  other domains  
via  wide  area  communication  networks.  W i th in  a  system ,  a  number that un iquel y i den ti fi es  a  
domain  i s  ca l led  a  Domain  Number (Dmn).  Un ique  Dmn  in  the  range  of 1  to  64  is  ass igned  to  
each  of domains  i n  the  system .  E i ther a  domain  number 0  (Dmn  0)  or non-speci fied  domain  
number i nd icate  a  l ocal  domain  (defau l t) .  

Dfn :  

Data  F ie l d  (DF)  i s  a  p l ace  where  ADP messages  cons isting  of i n formation  of speci fic  
characteristics  can  flow.  Communication  using  ADP is  avai lable  between  nodes  be long ing  to  
one  data  fie l d .  Th is  means  that any equ ipment i n  a  system  shal l  be long  to  one  or more  data  
fie l ds.  One  data  fie ld  i s  configured  per network address  or sub-network address  of an  I P  
address.  W i th in  a  decentra l i zed  system ,  a  number that un iquel y i denti fi es  a  data  fi e ld  i s  ca l l ed  
a  Data  F ie l d  Number (Dfn).  Un ique  Dfn  is  ass igned  to  each  of data  fie l ds  wi th in  the  system ,  in  
the  range  of 1  to  255.  Dfn  0  i s  reserved  for commun ication  wi th in  the  curren t node.  An  I Pv4  
network shal l  be  ass igned  wi th  I Pv4  Dfn .  An  I Pv6  network shal l  be  ass igned  wi th  I Pv6  Dfn .  

NOTE  

– No  data  fi e l d  can  be  set  up  across  mu l ti pl e  LAN  segments.  Every LAN  segment shal l  be  ass igned  wi th  Dfn .  

– One  LAN  segment may contain  more  than  one  data  fi e l d .  

Ln n :  
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A l og ical  node  i s  equ ipment in  a  data  fi e ld .  Wi th in  a  data  fi e l d ,  a  number that un iquel y 
i denti fies  a  l og ical  node  i s  ca l led  a  Log ical  Node  Number (Lnn).  Un ique  Lnn  in  the  range  of 1  
to  4095  is  ass igned  to  each  of devices.  Lnn  0  i s  reserved  for commun ication  wi th in  the  current 
node.  

5.3.2 .4  hd_da 

This  fi e ld  shal l  conta in  the  desti nation  mu l ticast group address  (Mu l ticast  Group Number)  or 
the  desti nation  node  address  (Log ica l  Node  Number)  described  i n  F igure  3.  

(Mu l ticast communication )  

0                    7  8                  1 5  1 6                                    31  b i t  

Dmn  Dfn  Mgn  

 

(Peer to  Peer communication)   

0                    7  8                  1 5  1 6                                    31  b i t  

Dmn  Dfn  Lnn  

 

      Dmn:  DoMain  Number (=0)  
      Dfn :  Data  F ie ld  Number 
      Mgn :  Mu l ticast Group Number 
       Lnn :  Log ical  Node  Number 

Figure 3  – hd_da  

Dmn ,  

Refer to  5 . 3 . 2. 3.  

Dfn,  

Refer to  5 . 3 . 2 . 3.  

Mgn,  

A mu l ticast group  (MCG)  i s  a  group of nodes  belong ing  to  a  data  fie l d  to  determ ine  whether to  
receive  data  mu l ticast/ broadcast from  a  node.   A mu l ticast g roup  shal l  be  speci fi ed  to  
perform  mu l ticast transm ission .  Any node  shal l  be long  to  a  mu l ticast g roup to  be  used  for 
mu l ticast reception .  One  data  fi e l d  can  con tain  more  than  one  mu l ticast  g roup.  Each  node  can  
be  added  to  more  than  one  mu l ticast group  as  far as  the  groups  are  wi th in  a  data  fie l d  to  
wh ich  the  node  be longs.  Mu l ticast Group  Number (Mgn)  i s  a  number that un iquel y i den ti fies  a  
mu l ticast group wi th in  a  data  fie l d .  Un ique  Mgn  i n  the  range  of 1  to  255  is  ass igned  to  each  of 
mu l ticast groups  i n  the  data  fie l d .  Mgn  0  i s  reserved  for the  system  to  send /receive  a l i ve-
messages.  

A Mgn  of Mu l ticastData-PDUs  shal l  be  d i fferen t from  a  Mgn  of RetransX PDUs.  

Here,  RetransX PDU  i nd icates  any one  of RetransEnq -PDU ,  RetransCinfi rm -PDU  or 
RetransNak-PDU .  

A Mgn  of Mu l ticast communication  wi th  retransm ission  i s  a lso  d i fferent  from  a  Mgn  of both  
Mu l ticast commun ication  (wi th  no  retransm ission )  and  RetransX-PDU.  

Lnn,  
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Refer to  5 . 3 . 2. 3.  

Table  1 5  shows  ei ther Mgn  or Lnn  used  by each  PDU.  

Tabl e  1 5  – U sag e of M gn  or Ln n   

Fi el d (  M g n  ,  Ln n )  Des cri pti on (PDU )  

M g n  Ln n   

Appl i cab le  N /A Cycl i cData-PDU  

Appl i cab le  N /A  Mu l ti castData-PDU  

N /A Appl i cab le  PtoPData-PDU  

Appl i cab le  (  =0)  N /A  Al i vei n fo-PDU  

Appl i cab le  (  =0)  N /A  Al i vei n fo6-PDU  

Appl i cab le  Appl i cab le  I nq -PDU  

Appl i cab le  N /A  N i nq -PDU  

N /A  Appl i cab le  Repl y-PDU  

Appl i cab le   N /A RetransEnq -PDU  

Appl i cab le  N /A  RetransConfi rm -PDU  

Appl i cab le  N /A  RetransNak-PDU  

 

5. 3. 2 . 5  h d_v_seq  

This  fie l d  shal l  i nd icate  the  version  i denti fication  of the  sequence number of the  transm ission  
message  (hd_seq) .  Th is  fie l d  normal l y speci fi es  the  time when  the  sequence  number of the  
transm ission  message (hd_seq)  i s  in i tia l i zed .  The  objective  of th is  fi e ld  enables  a  receiving  
node  to  detect that a  send ing  node  has  newly i n i ti a l i zed  the  sequence number.   N ew setti ng  
value  of hd_v_seq  shal l  be  d i fferen t from  ol d  value  of i t.  

5. 3. 2 . 6  h d_seq  

5. 3. 2 .6.1  h d_seq  

This  fie ld  shal l  i nd icate  the  sequence  number of the  transm ission  message.  The  range  of 
va lues  i s  from  0x00000001  to  0x7FFFFFFF,  and  used  cycl ical l y.  

5. 3. 2 .6.2  Tran sm issi on  sequ en ce  n u m ber an d  version  n u m ber m an ag em en t 

5. 3. 2 .6.2 . 1  M an agemen t at a  tran smittin g  n od e  

Assi gn m en t:  

– The  vers ion  numbers  (V_SEQ)  shal l  be  ass igned  to  each  node.  The  vers ion  numbers  are  
ass igned  wi th  time stamps.  Non-zero  value  of the  time stamp shal l  be  d i fferen t from  the  
preced ing  V_SEQ value.  

a)  Mu l ticast commun ication  

Each  node  has  transm ission  sequence numbers  (S_SEQ).  The  transm ission  sequence 
numbers  (S_SEQ)  shal l  be  managed  by each  Dfn  (Data  fi e l d  number) ,  by each  Mgn  
(Mu l ticast group  number)  and  by each  message  priori ty l evel .  

b)  Peer to  Peer communication  

Each  node  has  transm ission  sequence numbers  (S_SEQ).  The  transm ission  sequence 
numbers  (S_SEQ)  shal l  be  managed  by each  Dfn ,  by the  connection  for each  node  and  by 
each  message  priori ty l evel .  

In i tial izati on :  
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a)  Mu l ticast commun ication  

On  open ing  a  mu l ticast communication  port,  V_SEQ correspond ing  to  the  port sha l l  be  set 
to  the  open ing  time  and  S_SEQ correspond ing  to  the  port  shal l  be  set  to  0 .  

b)  Peer to  Peer communication   

On  establ ish ing  the  TCP connection ,  V_SEQ correspond ing  to  the  connection  shal l  be  set 
to  the  establ ish ing  time and  S_SEQ correspond ing  to  the  connection  shal l  be  set to  0 .  

Tran sm issi on :  

On  transm itti ng  of a  message,  V_SEQ and  updated  S_SEQ are  set to  hd_v_seq  and  hd_seq  
i n  the  FALAR_N  Header,  respectivel y.  S_SEQ wi l l  be  updated  as  fol lows:  

– I f S_SEQ is  not 0x7FFFFFFF,  S_SEQ is  i ncremented  by one.  

– I f S_SEQ is  0x7FFFFFFF,  S_SEQ is  reset  to  1  wi thou t i ncrement.  

5. 3. 2 .6. 2 . 2  M an agemen t at a  receivin g  n od e  

Assi gn m en t:  

a)  Mu l ticast commun ication  

Each  node  has  the  reception  sequence numbers  (R_SEQ)  l astl y received  and  a  reception  
vers ion  number (R_V_SEQ)  l astl y received .  The  R_SEQ shal l  be  managed  by each  Dfn  
(Data  F ie l d  Number) ,  by each  Mgn  (Mu l ticast Group Number),  by each  source  node,  and  
by each  message  priori ty l evel .  

b)  Peer to  Peer communication  

Each  node  has  the  reception  sequence  numbers  (R_SEQ)  l astl y rece ived  and  reception  
vers ion  number (R_V_SEQ)  l astl y received .  The  R_SEQ shal l  be  managed  by each  Dfn  
(Data  fie ld  number),  by the  connection  for each  node  and  by each  message priori ty l evel .  

In i tial i zation :  

a)  Mu l ticast commun ication  

On  open ing  a  mu l ticast commun ication  port,  R_V_SEQ and  R_SEQ shal l  be  i n i tia l i zed  to  
0.  

b)  Peer to  Peer communication  

On  establ ish ing  the  TCP connection ,  R_V_SEQ correspond ing  to  the  connection  and  
R_SEQ correspond ing  to  the  connection  shal l  be  i n i ti al i zed  to  0 .  

Recepti on :  

On  reception  of a  message,  R_V_SEQ and  R_SEQ are  retrieved  by hd_sa,  by hd_seq ,  by 
hd_pri  and  by hd_v_seq  i n  the  FALAR_N  Header.  

NOTE  Any message  wi th  hd_v_seq  =  0 ,  h d_seq  =  1 ,  h d_cbn  =  1  and  hd_tbn  =  1  i s  passed  to  an  appl i cation  
wi thou t checking  the  sequence  number.  

5. 3. 2 . 6.2 . 3  Seq u en ce  n u mber ch eck for recepti on  messag e  

1 )  I f R_V_SEQ is  equal  to  0 ,  

the  message  i s  uncond i ti onal l y received  and  hd_v_seq  and  hd_seq  i n  the  FALAR_N  
Header update  R_V_SEQ and  R_SEQ,  respectivel y.  

2)  I f R_V_SEQ is  not 0  and  hd_v_seq  i s  equal  to  R_V_SEQ,  

R_SEQ and  hd_seq  are  compared  for detecting  a  dupl icated  message  or l ost  messages.   
Table  1 6  and  F igure  4  show cond i ti ons  of sequence number check for reception  message.  

3)  Commun ication  

a)  Mu l ticast commun ication  
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I f R_V_SEQ is  not 0  and  hd_v_seq  is  not equal  to  R_V_SEQ,  hd_v_seq  and  hd_seq  
values  update  the  R_V_SEQ and  R_SEQ values,  respectivel y.  On  detecting  a  
dupl icated  message,  a  receiving  node  d iscards  the  received  message.  

b)  Peer to  Peer communication  

I f R_V_SEQ is  not 0  and  hd_v_seq  i s  not equal  to  R_V_SEQ,  a  receiving  node  
d isconnects  the  TCP  connection  and  d iscards  the  received  message.  

Table  1 6  – Detai l ed  con diti on s  for sequ en ce n u mber ch eck of reception  m essag e  

N o.  Con d i ti on s  Resu l t  

1  R_SEQ ! =  0x7fffffff && R_SEQ +  1  ==  SEQ Normal  message  reception  

2  R_SEQ ==  0x7fffffff && SEQ ==  1  Normal  message  reception  

3  R_SEQ >  N 1  && R_SEQ – N 1  <  SEQ <=  R_SEQ Dupl i cated  message  recepti on  

4  R_SEQ <=  N 1  &&  

(0  <  SEQ <=   R_SEQ | |  

0x7fffffff – (N 1  – R_SEQ )  <  SEQ <=  0x7fffffff )  

Dupl i cated  message  recepti on  

5  Other cond i ti ons  M iss ing  message  

SEQ:   Value  of hd_seq  i n  the  FALAR_N  Header 

N1 :   Transm iss ion  sequence  number assumed  to  be  d upl i cated .  Th i s  val ue  i s  implemented  matter.  

 

 

Figu re 4 – Val id  seq u en ce  n u mber for recepti on  m essag e  

5. 3. 2 .7  h d_m_ctl  

This  fie l d  shal l  speci fy i n formation  on  message transm ission  con trol  described  in  F igure  5.  

0  1  2  3  4  5  6                                                             31  b i t  

MLT  ONE  I NQ  RPL  NIQ  MCR  Rsv 

  MLT:  Mu l ticast commun ication  (=  0x80000000)  
   ONE:  Peer to  Peer (One to  One)  communication  (=  0x40000000)  
  I NQ:  I nqu i ry commun ication  (=  0x20000000)  
  RPL:  Reply response communication  (=  0x1 0000000)  
  N IQ:  N - inqu i ry communication  (=  0x08000000)  
  MCR:  Mu l ticast commun ication  wi th  re-transm ission  con trol  (=  0x04000000)  
  Rsv:  Reserved  

Fig u re 5  – h d _m _ctl   

Received  (unexpected  number)  

R_SEQ – N 1  

D iscard  
 (dupl i cated  message)  

R_SEQ (  l ast  reception  number)  

R_SEQ +  1  (  expected  val i d  number)  

N 1 :  Transmission  number assumed  to  be  dupl i cated  

0  
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Table  1 7  shows  the  val id  b i ts  of hd_m_ctl  fi e l d  i n  each  PDU .  

Table  1 7  – Val i d  bi ts  of h d_m_ctl   

PDU  Val i d  bi ts  of h d _m _ctl  

Cycl i cData-PDU  0x80000000  

Mu l ti castData-PDU  0x80000000  (Mu l ti cast  commun ication  type)  

0x84000000   

(Mu l ti cast  commun ication  wi th  re-transm ission  type)  

PtoPData-PDU  0x40000000  

Al i vei n fo-PDU  0x80000000  

Al i vei n fo6-PDU  0x80000000  

I nq -PDU  0xA0000000  (Mu l ti cast  commun ication  type)  

0x60000000  (Peer to  Peer commun ication  type)  

N i nq -PDU  0x88000000  

Repl y-PDU  0x50000000  

RetransEnq -PDU  0x84000000  

RetransConfi rm-PDU  0x84000000  

RetransNak-PDU  0x84000000  

 

5. 3. 2 . 8  h d_in q id  

This  fi e ld  shal l  speci fy i nqu iry/response  i den ti fi er,  wh ich  cons ists  of i nq id_inq_sa,  i nq id_tr_adr 
and  i nq id_id_seq .  These  three  fie l ds  are  described  i n  5. 3 . 2 . 1 9 ,  5. 3. 2. 20  and  5. 3 . 2 . 21  
respectivel y.  Th is  hd_inq id  fie ld  i s  va l i d  i n  I nq -PDU ,  N inq-PDU  and  Repl y-PDU .  

5. 3. 2 . 9  h d_tcd   

This  fie ld  shal l  speci fy transaction  code.  Al l  transactions  are  ass igned  transaction  codes  
(TCDs)  to  i denti fy them.   A TCD  represents  transaction  data.  Each  appl ication  program  
transm i ts  data  wi th  a  speci fi ed  TCD  i n to  a  data  fie l d .  On  the  other hand ,  each  appl ication  
program  receives  data  wi th  a  speci fying  TCD from  a  data  fi e l d .   Un ique  TCDs  shal l  be  defined  
for each  data  fiel d .  TCDs are  class i fied  i n to  those  for user transactions  and  those  for system  
transactions,  as  shown  be low.  

•  TCDs for user transactions:   1  to  59999  (user-definable)  

•  TCDs  for system  transactions:  60000  to  65534  (reserved  for the  system)  

A system  transaction  i s  created  when  the  system  detects  an  even t (such  as  an  error or 
i n ternal  s tatus  change)  and  noti fi es  the  user program .  Table  1 8  shows speci fied  TCD.  

Table  1 8  – Specifi ed  TCD  

Speci fi ed  TCD  Des cri pti on  

60003  Al i ve  report  

60061  Retransm ission  con trol  

60027  F i l e  transfer 

60056  Cycl i c  memory transfer 

60058  Cycl i c  memory transfer (Fast  type)  
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5. 3. 2 .1 0  h d_ver  

This  fie l d  sha l l  speci fy a  program  vers ion  i denti fi er.   A curren t va lue  i s  0 .  

5. 3. 2 .1 1  h d_pki n d   

This  fi e ld  shal l  speci fy a  transaction  identi fi er.  Th is  fie l d  i s  va l i d  for a  one  to  one  
communication  (  PtoPData-PDU)  us ing  a  duplex LAN .  

Tabl e  1 9  – h d _pki n d   

Val u e  Des cri pti on  

1  ACK Request  (ACK. req );   Request the  desti nati on  node  (  Dfn ,  Lnn )  to  i n form  a  
recepti on  packet sequence  number (R-PSEQ)  

2  ACK Response  (ACK. i n form);   I n form  the  reception  packet  sequence  number (R-
PSEQ)  to  ACK Request node.  

0  Others    (NoACK)  

 

5. 3. 2 . 1 2  h d _pseq  

5. 3. 2 . 1 2. 1  h d _pseq   

This  fie ld  sha l l  speci fy a  packet sequence number.  The  range  of va lues  i s  from  0x1  to  0x 
FFFFFFFF,  and  used  cycl ical l y.  Th is  fi e ld  i s  effecti ve  for ”  Mu l ticast communication  wi th  
retransm ission”  and   for “One to  one  commun ication  using  a  duplex LAN”   as  shown  Table  20.  

Table  20  – PDU  with  an  effective  h d _pseq   

PDU  Effecti ven ess  Des cri pti on  Val u e  of h d _pseq  

Mul ti castData-PDU  Effecti ve  Mu l ti cast  commun ication  
wi th  retransm ission  

0x1  – 0x FFFFFFFF  

PtoPData-PDU  Effecti ve  One  to  one  
commun ication  

(PtoPData-PDU)  u s i ng  
a  duplex LAN  

0x1  – 0x FFFFFFFF  

Other PDU  I neffecti ve  Others  ( i ncl ud ing  one  to  
one  commun ication  
(PtoPData-PDU)  u s i ng  
a  s i ng le  LAN  )  

0  (recommend)  

 

5. 3. 2 . 1 2. 2  M an agemen t at a  tran smittin g  n od e  

Assi gn m en t:  

Each  node  has  management i n formation  (S_PSEQ)  of a  transm itting  packet  sequence  
number.  

a)  Mu l ticast commun ication  wi th  retransm ission  

A S_PSEQ shal l  be  ass igned  by Dfn  (Data  fie ld  number)  and  by Mgn  (Mu l ticast group  
number).   

b)  One  to  one  commun ication  using  a  duplex LAN  

A S_PSEQ shal l  be  ass igned  by Dfn  (Data  fi e l d  number)  and  by the  TCP  connection  for 
each  node.  

In i tial ization :  

a)  Mu l ticast commun ication  wi th  retransm ission  
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On  open ing  a  mu l ticast communication  port,  the  S_PSEQ correspond ing  to  the  port sha l l  
be  set  to  0.  

b)  One  to  one  commun ication  using  a  duplex LAN  

On  establ ish ing  the  TCP  connection ,  the  S_PSEQ correspond ing  to  the  connection  shal l  
be  set  to  0.  

Tran sm issi on :  

On  transm ission  of a  packet,  the  updated  S_PSEQ is  set  to  hd_pseq  in  the  FALAR_N  Header.  

S_PSEQ wi l l  be  updated  as  fol lows.  

– I f S_PSEQ is  not 0xFFFFFFFF,  S_PSEQ is  i ncremented  by one.  

– I f S_PSEQ is  0xFFFFFFFF,  S_PSEQ is  reset to  1  wi thou t i ncrement.  

NOTE  I n  “Mu l ti cast  commun ication  wi th  retransm ission  “ ,  these  three  PDU  (RetransEnq -PDU ,  RetransConfi rm -
PDU,  RetransNak-PDU )  don ’ t  use  the  hd_pseq  fi e l d .  

5. 3. 2 . 1 2. 2 .1  M an agemen t at a  receivin g  n od e  

Assi gn m en t:  

Each  node  has  management i n formation  (R_PSEQ)  of a  received  packet sequence  number.  

a)  Mu l ticast commun ication  wi th  retransm ission  

A R_PSEQ shal l  be  managed  by Dfn  (Data  fi e ld  number) ,  by Mgn  (Mu l ticast group  
number)  and  by source  node.  

b)  One  to  one  commun ication  using  a  duplex LAN  

A R_PSEQ shal l  be  ass igned  by Dfn  (Data  fie ld  number)  and  by the  TCP  connection  for 
each  node.  

In i tial izati on :  

a)  Mu l ticast commun ication  wi th  retransm ission  

•  On  open ing  a  mu l ticast communication  port,  the  S_PSEQ correspond ing  to  the  port  
shal l  be  set to  0 .  

•  On  the  fai l u re  of retransm ission  request,  the  R_PSEQ correspond ing   to  the  port  shal l  
be  set  to  0.  

b)  One  to  one  commun ication  using  a  duplex LAN  

On  establ ish ing  the  TCP  connection ,  the  R_PSEQ correspond ing  to  the  connection  shal l  
be  set  to  0.  

Recepti on :  

On  reception  of a  packet,  the  R_PSEQ is  retrieved  by hd_pseq  i n  the  FALAR_N  Header.  

5. 3. 2 . 1 2. 2 .2  Packet seq u en ce  n u mber ch eck 

a)  Mu l ticast commun ication  wi th  retransm ission  

On  reception  of a  packet,  comparison  R_PSEQ wi th  hd_pseq  in  the  FALAR_N  Header i s  
execu ted .  

R_PSEQ wi l l  be  updated  as  fol l ows.  

1 )  I f R_PSEQ is  equal  to  0 ,  

the  packet  i s  uncond i ti onal l y received  and  hd_pseq  in  the  FALAR_N  Header set to  
R_PSEQ.  

2)  I f R_PSEQ is  not equal  to  0 ,  
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R_PSEQ and  hd_pseq  are  compared  for detecting  a  dupl icated  packet or l ost packets .  
Table  21  and  F igu re  6  show cond i ti ons  for packet sequence  number check.  

Tabl e  21  – Detai led  con diti on s  for sequ en ce n u mber ch eck of  
reception  packet (M u lti cast  comm u n i cati on  wi th  retran sm i ssi on )  

N o.  Con d i ti on s  Resu l t  

1  R_PSEQ ! =  0xffffffff && R_PSEQ +  1  ==  PSEQ Normal  packet  recepti on   

(  R_PSEQ =  PSEQ)  

2  R_PSEQ ==  0xffffffff && PSEQ ==  1  Normal   packet  recepti on  

(  R_PSEQ =  PSEQ)  

3  R_PSEQ >  N 1  && R_PSEQ – N 1  <  PSEQ <=  R_PSEQ Dupl i cated  packet reception  

4  R_PSEQ <=  N 1  &&  

(0  <  PSEQ <=   R_PSEQ | |  

0xffffffff – (N 1  – R_PSEQ )  <  PSEQ <=  0xffffffff )  

Dupl i cated  packet  reception  

5  Other cond i ti ons  Lost  packets   

PSEQ:   Value  of hd_pseq  i n  the  FALAR_N  Header 

N1 :   Transm iss ion  packet  sequence  number assumed  to  be  dupl i cated .  Th i s  val ue  i s  implemented  matter.  

 

 

Figu re 6  – Val i d  recepti on  packet  sequ en ce n u mber  

b)  One to  one  commun ication  using  a  duplex LAN  

1 )  I f R_PSEQ is  equal  to  0  and  hd_pseq  i n  the  FALAR_N  Header i s  equal  to  1 ,  

set  the  value  of hd_pseq  to  R_PSEQ  (fi rst normal  packet received).  

2)  I f R_PSEQ is  equal  to  0  and  hd_pseq  i n  the  FALAR_N  Header i s  not  equal  to  1 ,  

the  receiving  node  d iscards  the  received  packet and  d isconnects  the  TCP  connection .  

3)  I f R_PSEQ is  not  equal  to  0 ,  

R_PSEQ and  hd_pseq  are  compared  for detecting  a  dupl icated  packet or l ost packets .  
Table  22  shows  cond i ti ons  for packet sequence  number check.  

On  detecti ng  a  dupl icated  packet or l ost  packets ,  the  receiving  node  d iscards  the  received  
packet.  

Received  (unexpected  number)  

R_PSEQ – 
N 1  

D iscard  (dupl i cated  packet)  

R_PSEQ ( l ast  recepti on  number)  

R_PSEQ +  1  (expected  val i d  
number)  

N 1 :  Transmission  number assumed  to  be  
dupl i cated  

0  
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Table  22  – Detai led  con di ti on s  for packet sequ en ce  n u mber ch eck 
 (On e to  on e  comm u n i cati on  u sin g  a  du pl ex LAN )  

N o.  Con d i ti on s  Resu l t  

1  R_PSEQ ! =  0xffffffff && R_PSEQ +  1 ==  PSEQ Normal  packet recepti on   

(  R_PSEQ =  PSEQ)  

2  R_PSEQ ==  0xffffffff && PSEQ ==  1  Normal   packet recepti on  

(  R_PSEQ =  PSEQ)  

3  Other cond i ti ons  Dupl i cated  packet  reception   

or l ost  packets  

 

5. 3. 2 . 1 3  h d _mod e 

5. 3. 2 . 1 3. 1  Overvi ew 

This  protocol  a l l ows  add ing  a  node  mode to  a  message  to  i nd icate  whether the  node  is  on l i ne  
or under testi ng .  S ince  a  node  can  con trol  transm i tting /receiving  messages  selecti ve l y based  
on  the  d iscrim inating  mode (on l i ne  / testi ng) ,  the  node  can  el im inate  any i n terrupting  test  
message  when  i t  i s  on  the  way of testi ng .  

When  a  node  is  performing  a  s imu lation  test,  i t  can  receive  e i ther on l ine  message or test  
message.  

5. 3. 2 . 1 3. 2  M essage  m odes  

A message mode  i s  ass igned  by every message.  There  are  two  types  of message modes:  

1 )  On l ine  mode,  

2)  Test mode.  

5. 3. 2 . 1 3. 3  N od e mod es  

A node  mode i s  ass igned  by every Dfn  (Data  fi el d  number).  There  are  two types  of node  
modes:  

1 )  On l ine  mode,  

2)  Test mode.  

A node  wi th  on l ine  mode  shal l  set on l i ne  message mode to  hd_mode fie l d .  

A node  wi th  test  mode shal l  set  test  message  mode to  hd_mode  fi e l d .  

5. 3. 2 .1 3. 4  Tran sm ittin g /Receivi n g  messag e  con trol  

Table  23  shows the  re lations  between  message modes  and  node  modes.  Message control  
us ing  these  re lations  i s  execu ted .   

Copyright International  Electrotechnical  Commission  



 – 1 98  – I EC PAS  62953-6-25  © I EC  201 5  

Table  23  – Relation  between  message  tran smi ssion /recepti on   

M essag e m od e  N od e m od e  

On l i n e  Test  

Tran sm i s si on  Recepti on  Tran sm i s si on  Recepti on  

Onl i ne  Effecti ve  Effecti ve  Not effecti ve  Effecti ve  

Test  Not  effecti ve  D i scard  Effecti ve  Effecti ve  

Effecti ve:  transm i tti ng  /  recei vi ng  a  message  

Not effecti ve:  no  transm i tti ng  a  message  

 

5. 3. 2 . 1 3. 5  h d_mod e  

This  fie l d  sha l l  speci fy a  message  mode  as  shown  i n  Table  24.  

Table  24  – h d _m od e  

Val u e  Des cri pti on  

0  On l i ne  mode  

1  Test  mode  

 

5. 3. 2 . 1 4  h d _pver  

This  fie l d  sha l l  speci fy a  protocol  vers ion .  A current  value  is  1 .  

5. 3. 2 . 1 5  h d _pri   

This  fie l d  shal l  speci fy a  message  priori ty l evel .  

Table  25  – M essage  pri ori ty l evel    

Pri ori ty l evel
a
 Descri pti on  

0  Ou t of priori ty control   
(No  pri ori ty control  i s  implemented )  

1  Message  wi th  the  h i ghest  pri ori ty l evel  1  

2  Message  wi th  the  pri ori ty l evel  2  

3  Message  wi th  the  pri ori ty l evel  3  

4  Message  wi th  the  pri ori ty l evel  4  

5  Message  wi th  the  pri ori ty l evel  5  

6  Message  wi th  the  pri ori ty l evel  6  

7  Message  wi th  the  l owest  priori ty l evel  7  

a  H i gher numbers  means  l ower priori ty.  

 

5. 3. 2 . 1 6  h d _cbn  

5. 3. 2 . 1 6. 1  Overvi ew for frag men ti n g  an d  assembl in g  m essages  

The speci fications  l im i t  the  maximum  user message s ize  to  1 6  KB  for the  TCP/UDP based  
communication ,  wh i l e ,  the  maximum  transfer s i ze  (MTU)  for LANs  is  l im i ted  to  1 , 500  bytes  
under the  Ethernet  standard .  
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For the  TCP based  communication ,  the  I Pv4  and  TCP headers  use  20  bytes  respectivel y and  
the  FALAR-N  header uses  64  bytes,  so  avai l able  free  data  storage  s i ze  can  be  ca lcu lated  as  
(MTU  – 1 04)  bytes.  

On  the  other hand ,  the  I Pv6  header uses  40  bytes  and  the  FALAR-N  header uses  64  bytes,  so  
avai l able  free  data  storage  s i ze  can  be  calcu lated  as  (MTU  – 1 24)  bytes.  

For the  UDP based  communication ,  avai lable  free  data  storage  s ize  can  be  ca lcu lated  as  
(MTU  – 92)  bytes  or as  (MTU-1 1 2)  bytes,  respectivel y.  

NOTE  The  maximum  free  user's  area  i n  the  TCP  segment  may be  l ess  than  1 , 460  bytes  or l ess  than  1 , 440  bytes  
th rough  a  negoti ati on  on  the  TCP  segment s i ze  when  establ i sh ing  a  TCP  connection .  

I f a  message s ize  i s  more  than  α  bytes,  the  message  shal l  be  d ivi ded  i n to  mu l tip le  PDUs wi th  
added  FALAR-N  headers  respectivel y.  Table  26  shows  the  va lue  of α .  The  PDUs  are  sent  to  
the  data  fi e ld  i n  order.  The  receiver node  receives  the  PDUs  and  assembles  them  i n to  one  
orig inal  message.   

Table  26  – Value of α   

Com m u n i cati on  type  Value  of α  

I Pv4  +  TCP  MTU  – 1 04  

I Pv4  +  UDP  MTU  – 92  

I Pv6  +  TCP  MTU  – 1 24  

I Pv6  +  UDP  MTU  – 1 1 2  

 

5. 3. 2 . 1 6. 2  H ead er i n form ation  for fragm en tati on  an d  assembl y 

Table  27  shows  one  example  of the  header i n formation  for a  UDP  message  fragmentation .  

Table  28  shows  one  example  of the  header i n formation  for a  TCP  message fragmentation .  
hd_cbn ,  hd_tbn  and  hd_bsize  refer to  5. 3 . 2 . 1 6 ,  5. 3 . 2 . 1 8  and  5. 3. 2 . 1 9  respective l y.  

Tabl e  27  – Exampl e of h ead er in formati on  for a  U DP m essag e fragm en tati on  

Exam pl e  of 
frag m en tati on  

Frag m en ted  i n to  fou r packets  N o  
frag m en tati on  

1 st packet  2n d  packet  3rd  packet  4th  packet  S i n g l e  packet  

hd_seq  1 00  1 00  1 00  1 00  1 01  

hd_cbn  /  hd_tbn  1  /  4  2  /  4  3  /  4  4  /  4  1  /  1  

hd_bsize  1 472  1 472  1 472  340  1 024  

hd_m l  4564  4564  4564  4564  1 024  
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Tabl e  28  – Exampl e of h ead er i n formation  for a  TCP message  fragm en tation  

Exam pl e  of 
frag m en tati on  

Frag m en ted  i n to  fou r packets  N o  
frag m en tati on  

1 st packet  2n d  packet  3rd  packet  4th  packet  S i n g l e  packet  

hd_seq  1 00  1 00  1 00  1 00  1 01  

hd_cbn  /  hd_tbn  1  /  4  2  /  4  3  /  4  4  /  4  1  /  1  

hd_bsize  1 460  1 460  1 460  376  1 024  

hd_m l  4564  4564  4564  4564  1 024  

 

5. 3. 2 . 1 7  h d _cbn  

This  fie l d  sha l l  speci fy a  curren t fragmented  PDU  b lock number (more  than  1 ) .  

5. 3. 2 . 1 8  h d _tbn   

This  fie l d  shal l  speci fy a  tota l  b lock number of fragmented  PDUs  (more  than  1 ) .  

5. 3. 2 . 1 9  h d_bsize   

This  fie l d  shal l  speci fy a  PDU  b lock s i ze  ( i nclud ing  FALAR-N  header s i ze) .  

5. 3. 2 . 20  i n q i d_in q _sa  

This  fie l d  sha l l  speci fy a  source  address.  Th is  hd_inq i d . i nq_sa  value  i s  speci fi ed  i n  Table  29.  

Table  29  – i n q i d _in q _sa val u e   

El em en ts  of 
h d _i n q i d  fi el d  

Des cri pti on  

I n q -PDU ,  N i n q -PDU  Repl y-PDU  Oth er P DU  

I nq id_i nq_sa  Source  add ress(  =  hd_sa  )  Same value  that  i s  set  to  
i nq i d_inq_sa  of the  
recei ved  I nq -PDU  or N inq -
PDU   

0  

 

5. 3. 2 . 21  i n q i d_tr_ad r  

This  fi e ld  shal l  i nd icate  the  i nqu iry-transaction  sequence number of the  i nqu i ry / N - inqu i ry 
message.  The  range  of values  i s  from  0x00000001  to  0x0FFFFFFF,  and  used  cycl ical l y.  
When  an  N - i nqu iry message  is  transm itted ,  th is  va lue  shal l  be  incremented  by one.  

I n  the  case  of retransm itti ng  the  N -i nqu iry message,  the  same value  shal l  be  used .  

Th is  i nq id_tr_adr value  i s  managed  separatel y for each  i nq id_id_seq .  Refer to  5. 3. 2 . 22 .  

Th is  i nq id_ tr_adr va lue  i s  speci fi ed  in  Table  30.  
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Tabl e  30  – i n q i d_tr_adr valu e   

El em en ts  of 
h d _i n q i d  fi el d  

Des cri pti on  

I n q -PDU  N i n q -PDU  Repl y-PDU  Oth er P DU  

I nq id_tr_ad r any 1  . .  0x0FFFFFFF  Same value  that  i s  
set  to  i nq id_tr_ad r 
of the  recei ved  I n q -
PDU  or N inq-PDU  

0  

 

5. 3. 2 . 22  i n q i d_id _seq  

This  fie ld  sha l l  speci fy the  inqu i ry- i den ti fication  sequence number.  Each  i nqu i ry / N - inqu iry 
message  requ i res  a  un ique  i nq id_inq_seq  value  i n  the  source  node.  Th is  i nq id_id_seq  va lue  
is  speci fi ed  in  Table  31 .  

Table  31  – i n q i d_in q _seq  valu e   

El em en ts  of 
h d _i n q i d  fi el d  

Des cri pti on  

I n q -PDU ,  N i n q -PDU  Repl y-PDU  Oth er P DU  

I nq id_i d_seq  1  . .  MaxI dSeq  

MaxI dSeq  =  0x0400  
(defau l t  va l ue  =  0x0080)  

Not  to  use  the  same  value  
s imu l taneous l y.  

Same  value  that  i s  set  to  
i nq i d_id_seq  of the  
recei ved  I nq -PDU  or N inq-
PDU   

0  

 

Table  32  shows  relationsh ip  between  i nq id_id_seq  and  i nq id_tr.  

Table  32  – Relation sh i p  between  in q i d _i d _seq  an d  in q id _tr_ad r  

El em en ts  of h d _i n q i d  fi el d  Des cri pti on  

 

I n q i d _i d _seq  h d _i n q i d . tr_ad r 

1  1  . .  0x0FFFFFFF  

2  1  . .  0x0FFFFFFF  

･  

･  

 

1  . .  0x0FFFFFFF  

1 28  1  . .  0x0FFFFFFF  

 

5. 3. 3  Cycl i cData-PDU  

5. 3. 3. 1  G en eral  

Cycl icData-PDU  transm its  cycl ic transfer memory i n  a  node  to  a l l  nodes  belong ing  to  a  
speci fied  mu l ticast g roup,  cycl ica l l y.  Th is  PDU  uses  a  UDP port.  

5. 3. 3. 2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 3. 3  tmi d  

Cycl ic transfer memory has  un ique  transfer memory i denti fiers  (TMIDs)  defi ned  for each  data  
fie ld .  Th is  fi e ld  sha l l  i nd icate  a  tm id  i n  a  target data  fie l d .   
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Tm id  value:  1  to  8  per a  data  fi e l d .  

5. 3. 3.4  blockN u mber 

Th is  protocol  transfers  cycl i c transfer memory I  un i ts  of bl ocks,  each  having  an  assumed  s ize  
of 64  bytes.   Th is  b lockNumber fie l d  sha l l  i nd icate  the  fi rst b lock number of cycl icData  i n  PDU .  

5. 3. 3.5  blockCou n t  

Th is  fie ld  shal l  i nd icate  a  number of b locks  of cycl icData  in  PDU .  

5. 3. 3.6  cycl i cData  

This  fie l d  shal l  con tain  cycl ic transfer memory data.  

5. 3. 4  M u l ticastData-PDU  

5. 3. 4.1  G en eral  

Mul ticastData-PDU  transm i ts  a  user mu l ticast data  to  a l l  nodes  be long ing  to  a  speci fi ed  
mu l ticast group.  Th is  PDU  uses  a  UDP port.  A mu l ticast communication  wi th  retransm ission  
a lso  uses  th is  Mu l ticastData-PDU  to  prevent loss  of receiving  messages.  

5. 3. 4.2  fal ArH ead er 

Refer to  5 . 3 . 2 .  

5. 3. 4.3  mu lti castData  

This  fie l d  conta ins  user mu l ticast data.  

5. 3. 5  PtoP  Data-PDU  

5. 3. 5. 1  G en eral  

PtoP Data-PDU  transm its  a  user data  to  the  speci fied  node.  Th is  PDU  uses  TCP port.  

5. 3. 5. 2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 5. 3  poin tToPoi n tData  

This  fie l d  contains  user poin t-  to-  poin t  data.  

5. 3. 6  Al i vei n fo-PDU  

5. 3. 6. 1  Gen eral  

I n  I Pv4  network environment,  Al i veinfo-PDU  transm i ts  period ical l y the  status  of own  node  to  
a l l  nodes  belong ing  to  a  speci fied  data  fie l d .  Th is  PDU  uses  UDP port.   

5. 3. 6.2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 6.3  al _n d _n am e 

This  fie ld  shal l  speci fy a  node  name (An  ASCI I  stri ng ,  up  to  ten  characters) .  

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-6-25  © I EC  201 5  – 203  –  

5. 3. 6.4  al _os_n ame 

This  fie l d  sha l l  speci fy a  name of vender device  (An  ASCI I  stri ng ,  up  to  ten  characters).   

5. 3. 6.5  al _tm _ou t  

Th is  fie ld  sha l l  speci fy the  mon i toring  i n terval  time ( in  seconds)  for an  a l i ve-message.  Th is  
mon i toring  wi l l  be  restart each  time a  new a l i ve-message arri ves  from  a  mon i tored  node.  I f the  
mon i toring  node  d id  not receive  an  al i ve-message from  the  mon i tored  node  wi th in  the  time 
speci fied  by the  a l_tm_out,  the  mon i toring  node  recogn izes  that a  mon i tored  node  has  been  
dead .  

5. 3. 6.6  al _m sg sern o  

Th is  fi e l d  sha l l  speci fy the  message sequence  number of an  a l i ve-message.  The  range  of 
va lues  is  from  0x0001  to  0x7FFF,  and  used  cycl ica l l y.  I n  sequence number check for a  
received  a l i ve-message,  both  hd_v_seq  and  a l_msgserno are  effective.  

5. 3. 6.7  al _m ode  

This  fie l d  sha l l  speci fy the  type  of an  a l i ve-message  as  shown  i n  Table  33.  

Table  33  – Type of an  al i ve-m essag e   

Val u e  Des cri pti on  Rem ark 

1  Normal  report  Mandatory.  

2  Noti ce   

(Shutdown)  

Opti on .  

Cause  of term inati ng  the  transm ission  of a l i ve-message:  Shutdown  of 
the  equ ipment  

3  Noti ce   

(Main tenance)  

Opti on .  

Cause  of term inati ng  the  transm ission  of a l i ve-message  :  

Mai n tenance  of the  equ i pment 

 

5. 3. 6. 8  al _protocol  

This  fie l d  sha l l  speci fy the  type  of an  a l i ve-message  protocol  as  shown  in  Table  34.  

Tabl e  34 – Type of an  al ive-m essag e  protocol  

Val u e  Des cri pti on  Rem ark 

1  Category N_f  Au tonomous  decentral i zed  system  protocol  i n  th i s  speci fi cations  

2  to  3  Reserved  for other exi sti ng  protocols  

4  Category N_l    Au tonomous  decentral i zed  system  protocol  ( l i g h t  wei ght  type)  

5  to  255  Reserved  for fu tu re  uses  

 

5. 3. 6. 9  al _tg _cmn _cn t  

This  fie ld  shal l  speci fy the  number of times  that  have  changed  an  extended  i n formation  
(a l_Exten tion I n fo) .  

5. 3. 6.1 0  al _tg _cfl ag  

This  fie l d  i s  for fu ture  use.   
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5. 3. 6.1 1  al _tg _m ax 

This  fie ld  shal l  speci fy the  maximum  number of tasks.  The  range  of va lues  is  from  0x0000  to  
0x0053.  

5. 3. 6.1 2  al _tg _u secn t  

This  fie l d  sha l l  speci fy the  number of mon i tored  tasks  in formation .  

5. 3. 6.1 3  al _ch g _ti me  

This  fie ld  shal l  speci fy the  time when  the  node  s tatus  changed .  I t  i s  recommended  to  set the  
time defined  as  the  number of seconds  that have  e lapsed  s ince  00:00:00  Greenwich  Mean  
Time (GMT),  1  J anuary 1 970,  

I f setti ng  i n  GMT is  unavai lable,  speci fy 0 .  Time of each  a l_mode is  as  shown  in  Table  35.  

Table  35  – Ti m e of each  al _mod e  

Val u e  of 
al _m od e  

Des cri pti on  

1  t ime  when  the  status  of node  changed  from   “dead ”  state  to   “a l i ve“  s tate.  

2  t ime  when  the  status  of node  changed  from   “a l i ve“  state  to   “acceptance  of the  shu tdown  
request”  s tate.  

3  t ime  when  the  status  of node  changed  from  “al i ve“  state  to  “acceptance  of the  main tenance  
request”  s tate.  

 

5. 3. 6. 1 4  al _i pv4add r1  

This  fie l d  shal l  speci fy I Pv4  address  of LAN1 .  

5. 3. 6. 1 5  al _i pv4add r2  

This  fie l d  shal l  speci fy I Pv4  address  of LAN2.   

Speci fy 0  i n  the  case  of a  s i ng le  LAN  ( i . e .  not  duplex LANs) .  

5. 3. 6.1 6  al _ver 

Th is  fie ld  shal l  speci fy Al i ve  Message vers ion  (  =  1 ) .  

5. 3. 6.1 7  al _ta_ch g alvstat  

This  fie ld  shal l  speci fy the  changes  i n  tasks  status  as  shown  in  Table  36.  

Table  36  – Statu s  ch an ge of tasks   

Val u e  Des cri pti on  

0  No  change  

1  S tatus  change  (  from  “dead  “  s tate  to  “a l i ve”  s tate)  

2  S tatus  change  (  from  “al i ve  “  s tate  to  “dead ”  state)  

 

5. 3. 6. 1 8  al _ta_ch g in fostat  

This  fie l d  shal l  speci fy the  changes  i n  tasks  con tent  as  shown  in  Table  37.  

Copyright International  Electrotechnical  Commission  



I EC PAS  62953-6-25  © I EC  201 5  – 205  –  

Table  37  – Ch an g e  of tasks  con ten t  

Val u e  Des cri pti on  

0  No  changes  i n  tasks  conten t  

1  Changes  i n  tasks  con tent  

 

5. 3. 6. 1 9  al _ta_ti d  

This  fie l d  shal l  speci fy the  i den ti fication  of tasks.  

5. 3. 6. 20  al _ta_d ata  

This  fie l d  i nd icates  the  status  i n formation  of tasks.  

5. 3. 6. 21  al _Exten tion In fo  

This  fie l d  i s  an  extended  i n formation  area  that a l l ows  user to  set data  freel y.  

5. 3. 7  Al ivei n fo6-PDU  

5. 3. 7 .1  Gen eral  

I n  I Pv6  network environment,  Al i ve info-PDU  transm i ts  period ical l y the  status  of own  node  to  
a l l  nodes  belong ing  to  a  speci fied  data  fie l d .  Th is  PDU  uses  UDP port.   

5. 3. 7.2  fal ArH eader 

Refer to  5 . 3 . 2.  

5. 3. 7.3  al _n d _n am e 

Refer to  5 . 3 . 6. 3.  

5. 3. 7.4  al _os_n ame 

Refer to  5 . 3 . 6. 4 .  

5. 3. 7. 5  al _tm _ou t  

Refer to  5 . 3 . 6. 5.  

5. 3. 7.6  al _m sg sern o  

Refer to  5 . 3 . 6. 6.  

5. 3. 7.7  al _m ode   

Refer to  5 . 3 . 6. 7.  

5. 3. 7.8  al _protocol  

Refer to  5 . 3 . 6. 8.  

5. 3. 7. 9  al _tg _cmn _cn t  

Refer to  5 . 3 . 6. 9.  
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5. 3. 7.1 0  al _tg _cfl ag  

Refer to  5 . 3 . 6. 1 0 .   

5. 3. 7. 1 1  al _tg _m ax 

Refer to  5 . 3 . 6. 1 1 .  

5. 3. 7. 1 2  al _tg _u secn t  

Refer to  5 . 3 . 6. 1 2 .  

5. 3. 7. 1 3  al _ch g _ti me  

Refer to  5 . 3 . 6. 1 3 .  

5. 3. 7. 1 4  al _i pv4add r1  

This  dummy fiel d  shal l  speci fy 0 .  

5. 3. 7.1 5  al _i pv4add r2  

Th is  dummy fie ld  shal l  speci fy 0 .  

5. 3. 7.1 6  al _ver 

This  fie ld  shal l  speci fy Al i ve  Message vers ion  (  =  2 ).  

5. 3. 7.1 7  al _i pv6add r1  

This  fie l d  sha l l  speci fy I Pv6  address  of LAN1 .  

5. 3. 7. 1 8  al _i pv6add r2  

This  fie l d  sha l l  speci fy I Pv6  address  of LAN2.   

Speci fy 0  i n  the  case  of a  s i ng le  LAN  ( i . e .  not  duplex LANs) .  

5. 3. 7. 1 9  al _ta_ch g al vstat  

Refer to  5 . 3 . 6. 1 7 .  

5. 3. 7.20  al _ta_ch g i n fostat  

Refer to  5 . 3 . 6. 1 8 .  

5. 3. 7.21  al _ta_tid  

Refer to  5 . 3 . 6. 1 9 .  

5. 3. 7.22  al _ta_data  

Refer to  5 . 3 . 6. 20 .  

5. 3. 7.23  al _Exten tion In fo  

Refer to  5 . 3 . 6. 21 .  
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5. 3. 8  In q-PDU  

5. 3. 8.1  Gen eral  

I nq-PDU  transm its  an  inqu i ry message to  nodes  belong ing  to  a  speci fied  mu l ticast g roup.  

Each  receiving  node  transm i ts  Reply-PDU  to  the  send ing  node.  Two usages  are  as  fol l ows:  

c)  I nqu iry to  a l l  nodes  us ing  UDP port,  

d )  I nqu iry to  the  speci fic node  using  TCP port.  

5. 3. 8.2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 8.3  in q u iryd ata  

Th is  fie ld  contains  user i nqu iry data.  

5. 3. 9  N in q -PDU   

5. 3. 9.1  Gen eral  

Ninq-PDU  transm i ts  an  i nqu i ry message  to  a l l  nodes  belong ing  to  a  speci fi ed  mu l ticast group.  

Each  node  speci fi ed  i n  th is  PDU  transm its  a  Repl y-PDU  to  a l l  nodes.  Th is  PDU  uses  a  UDP  
port.  

5. 3. 9.2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 9.3  n ode-l i st  

Th is  fi e ld  shal l  speci fy a  node  l i s t,  as  shown  i n  F igure  7.  Each  b i t  corresponds  to  node  
number.  

(Example)  
The  fi rst b i t  (0)  of the  fi rst byte  (0)  i nd icates  node  number 1 .  
The  second  b i t  (1 )  of the  fi rst byte  (0)  i nd icates  node  number 2 .  
The  e igh th  b i t  (7)  of the  51 2th  byte  (51 1 )  i nd icates  node  number 4096.  
 0  1  2  3  4  5  6  7  b i t  

0  R R R R R R R R 

1  R R R R R R R R 

2  R R R R R R R R 

･  
･  

･  
･  

･  
･  

･  
･  

･  
･  

･  
･  

･  
･  

･  
･  

･  
･  

51 1  
Byte  

R R R R R R R R 

 

R =  1  :  Request  the  target node  to  repl y  ,  R =   0 :  No  request  

Figu re 7  – N od e-l i st  

5. 3. 9. 4  n in qu i ryd ata  

This  fie l d  contains  user n inqu i ry (one-to-N  inqu iry/ mu l ti -response)  data.  
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5. 3. 1 0  Repl y-PDU  

5. 3. 1 0. 1  G en eral  

Reply-PDU  transm i ts  a  repl y to  a  node  that sen t an  I nq -PDU  or a  N inq-PDU .  Th is  PDU  uses  
TCP port.  

5. 3. 1 0. 2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 1 0. 3  repl yd ata  

This  fie l d  conta ins  user repl y data.  

5. 3. 1 1  Retran sEn q-PDU  

5. 3. 1 1 . 1  G en eral  

I n  Mu l ticast communication  wi th  retransm iss ion ,  RetransEnq-PDU  transm its  a  request to  
retransm ission  of speci fi ed  messages  to  a l l  nodes  belong ing  to  a  speci fi ed  mu l ticast group.  

Th is  PDU  uses  UDP port of retransm iss ion  con trol .  

A node  requested  for retransm ission  transm its  a l l  messages  that have  sen t,  i ncl ud ing  the  
speci fied  message.  

Tim ing  that a  RetransEnq-PDU  is  transm i tted  is  as  fo l l ows;  

•  T im ing  that a  receiving  node  detects  the  l ost  messages,  

•  T im ing  that a  receiving  node  detects  the  l oss  of messages  that  i s  i n formed  by 
RetransConfi rm-PDU .  

5. 3. 1 1 . 2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 1 1 . 3  retran sReq u est   

Th is  fie ld  shal l  speci fy the  retransm ission  request code  (  =  1 ) .  

5. 3. 1 1 . 4  retran sReq u estN od e  

Th is  fie ld  shal l  speci fy the  node  number requested  to  retransm i t messages .  

5. 3. 1 1 . 5  retran sN u mberOfReq u ests  

Th is  fie l d  shal l  speci fy the  number of requests  contained  i n  th is  PDU .  One  request consists  of 
both  retransMcg  and  retransPseqNo.  

5. 3. 1 1 . 6  retran sM cg  

Th is  fie l d  shal l  speci fy mu l ticast group  number (MCG)  to  wh ich  the  retransm i tting  node  
be longs.   

5. 3. 1 1 . 7  retran sPseq N o 

Th is  fie ld  shal l  speci fy the  packet sequence  number of the  fi rst  retransm itti ng  packet.  
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5. 3. 1 2  Retran sCon fi rm -PDU  

5. 3. 1 2. 1  G en eral  

I n  Mu l ticast communication  wi th  retransm ission ,  RetransConfi rm -PDU  transm its  a  request to  
confi rm  that the  speci fied  message has  arrived  at the  destination  nodes  be long ing  to  a  
speci fied  mu l ticast  group.  

I f a  receiving  node  confi rms  that the  speci fi ed  message has  not  arri ved ,  i t  transm its  a  
RetransEnq -PDU  to  request  retransm ission  of a  message.  

Th is  PDU  uses  UDP port of retransm ission  con trol .  

5. 3. 1 2. 2  fal ArH eader 

Refer to  5 . 3 . 2 .  

5. 3. 1 2. 3  retran sReq u est  

This  fie ld  shal l  speci fy the  retransm ission  confi rmation  code  (  =  2) .  When  a  transm itti ng  
packet d id  not occur wi th in  the  predefined  time,  the  source  node  transm its  th is  PDU  to  confi rm  
that  the  speci fied  packet has  reached  to  the  target node.  

5. 3. 1 2. 4  retran sN u mberOfReq u ests  

Refer to  5 . 3 . 1 1 . 5 .  

5. 3. 1 2. 5  retran sM cg  

This  fie l d  sha l l  speci fy mu l ticast  group  number (MCG)  to  wh ich  the  target node  be longs.   

5. 3. 1 2. 6  retran sPseq N o  

This  fiel d  shal l  speci fy the  packet sequence number wh ich  the  target node  i s  requested  to  
confi rm .  

5. 3. 1 3  Retran sN ak-PDU  

5. 3. 1 3. 1  G en eral  

I n  Mu l ticast communication  wi th  retransm iss ion ,  when  a  node  cannot transm i t  a  message  
requested  by a  RetransEnq-PDU ,  a  node  transm its  a  RetransNak-PDU .   

Th is  PDU  uses  UDP port of retransm iss ion  con trol .  

5. 3. 1 3. 2  fal ArH ead er 

Refer to  5 . 3 . 2 .  

5. 3. 1 3. 3  retran sReq u est  

Th is  fie ld  shal l  speci fy the  retransm ission  reject code  (  =  3) .  

5. 3. 1 3. 4  retran sN u mberOfReq u ests  

Refer to  5 . 3 . 1 1 . 5 .  
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5. 3. 1 3. 5  retran sM cg  

This  fi el d  shal l  speci fy mu l ticast group number (MCG)  to  wh ich  the  retransm ission  request 
node  belongs.   

5. 3. 1 3. 6  retran sPseq N o 

When  the  target node  cannot retransm i t the  packet speci fied  i n  RetransEnq-PDU ,  the  target 
node  transm i ts  th is  RetransNak-PDU   to  i n form  th is  status .  Th is  fi e l d  shal l  speci fy the  packet 
sequence  number speci fi ed  i n  RetransEnq-PDU .  

6 Structure of the  FAL protocol  state  machi n e 

The FAL protocol  state  mach ine  cons ists  of three  protocol  state  mach ines  as  shown  i n  F igure  
8.  These  three  protocol  state  mach ines,  i n  the  order from  the  data  l i nk layer s i de  are  as  
fol lows,  data  l i nk l ayer mapping  protocol  mach ine  (DMPM),  appl ication  re lationsh ip  protocol  
mach ine  (ARPM),  and  FAL service  protocol  mach ine  (FSPM).  

The  role  of FSPM  is  to  receive  service  prim i ti ves  from  FAL  users  and  convert the  prim i ti ves  to  
i n ternal  prim i ti ves,  se lect an  ARPM  state  mach ine,  and  receive  the  in ternal  prim i ti ves  from  
ARPM  and  convert the  prim i tives  to  FA service  prim i tives  ARPM  and  transm it them  to  FAL  
users .  

The  role  of ARPM  is  to  convert services  prim i tives  between  ARPM  and  DMPM.  

The  role  of DMPM  is  to  map i n to  the  data  l i nk l ayer.  

 

Fi gu re 8  – Rel ati on sh i ps  between  protocol  m ach in es   

FAL
FSPM

ARPM

DMPM

FAL service

ind/cnf primitives

FAL service

req/res primitives

ARPM  service

ind/cnf primitives

ARPMservice

req/res primitives

DMPM  service

ind/cnf primitives

DMPM  service

req/res primitives

DL service

ind/cnf primitives

DL service

req/res primitives

Data  l ink layer
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7 FAL servi ce protocol  machi ne (FSPM )  

7. 1  Overvi ew 

The FSPM  provides  an  i n terface  to  FAL users.  I t  performs  the  mapping  between  FAL user 
services  and  FAL  in ternal  services.  

7. 2  FSPM  type  S  

7. 2. 1  Overvi ew 

The FSPM  consists  of th ree  protocol  mach ines:  Cycl ic data,  Acycl ic data  and  Management.  
The  re lationsh ip  between  protocol  mach ines  i s  shown  i n  F igure  9.   

 

Figu re 9  – Stru ctu re of FSPM  type  S   

The fol lowing  prim i tives  are  i ssued  from  the  FAL  user to  the  FSPM:   

Pu t_cycl icdata. req  

Get_cycl icdata. req  

Ctl_cycl ic. req  

Send_ctl data. req  

Send_infodata. req  

Send_rmtctl . req  

Set  Attribute. req  

Get Attribu te. req  

The  fol lowing  prim i tives  are  i ssued  from  the  FSPM  to  the  FAL  user.  

Put_cycl icdata.cnf 

Get_cycl icdata. cnf 

Ctl_cycl ic. cnf 

Send_ctl data. ind  

Send_ctl data.cnf 

Send_infodata. ind  

Send_infodata.cnf 

FSPM

Cyclic  Data Acyclic  Data

ARPM

Management
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Send_rmtctl . cnf 

Set Attribu te. cnf 

Get Attribute.cnf 

7. 2. 2  In terface  of cycl ic  com mu n i cati on  to  F AL u sers  

I n  cycl ic commun ication ,  each  node  i ndependentl y schedu les  transm ission  of the  cycl ic  
communication  frame us ing  i ts  own  timer.  To  manage cycl ic communication  wi th in  
transm ission  cycle,  the  communication  traffic of each  node  i s  restricted .   

I n  type  S  network,  the  amount of data  traffic ca l l ed  “Transm ission  factor”  i s  smal ler than  
“Threshold . ”  Transm ission  factor i s  defi ned  as  the  number of b locks  (64  Byte/b lock)  sen t per 
cycle.  The  re lation  among  the  cycle  time,  the  number of b locks,  and  the  transm ission  factor i s  
shown  i n  the  equation  below 

(Transm ission  factor)  

=  (Number of b locks  for 1  ms  cycle)/1  +  (Number of b locks  for 2  ms  cycle)/2   

+  (Number of b locks  for 5  ms  cycle)/5  +  (Number of b locks  for 1 0  ms  cycle)/1 0  

+  (Number of b locks  for 20  ms  cycle)/20  +  (Number of b locks  for 50  ms  cycle)/50   

+  (Number of b locks  for 1 00  ms  cycle)/1 00   

≤  (Threshold)  

The  m in imum  cycle  time is  determ ined  by the  number of nodes.  When  a  network i s  composed  
of 1 6  nodes,  the  m in imum  cycle  time is  1  ms.  Composed  of 1 6  to  32  nodes,  the  network can  
use  2  ms  cycle  at the  m in imum .  From  33  to  80  nodes,  the  m in imum  cycle  i s  5  ms.  From  81  to  
1 27  nodes,  i t  on l y use  over 1 0  ms  cycle  time.  Therefore,  threshold  i s  d i fferent accord ing  to  
the  tota l  of cable  length  and  the  m in imum  cycle  time.  Table  38  shows  the  threshold  of 
transm ission  factor.   

Table  38  – Th e  th resh ol d  of tran sm i ssion  factor  

N o.  Total  of cabl e  l en g th  [km ]  M i n im u m  cycl e  ti m e  [ms]  Th resh ol d  

1  0km  to  1 0km  1 ms  to  5ms  256. 0  

2  0km  to  1 0km  Over 1 0ms  409. 6  

3  Over 1 0km  1 ms  to  5ms 1 28. 0  

4  Over 1 0km  Over 1 0ms  204. 8  

 

The blocks  used  in  cycl ic commun ication  are  speci fied  by FAL users.  Table  39  shows  an  
example  of the  traffic control  configuration  menu .  I t  g ive  the  tota l  avai lable  blocks  accord ing  
to  the  number of nodes  and  used  cycle  time in  a  type  S  network.  For example,  No.  2  shows  
the  case  of connecting  1 6  nodes  and  us ing  1  ms  and  2  ms  cycle  time.  I n  th is  case,  the  
network can  use  1 28  blocks  in  1  ms  cycle  and  256  b locks  in  2  ms  cycle.   
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Tabl e  39  – Exampl e of th e  traffic  con trol  con fig u rati on  men u   

 

 

Figure  1 0  shows an  example  of shared  memory a l l ocation  i n  Type  S  network.  Each  node  has  
the  memory for cycl ic communication  and  a l locates  the  transm iss ion  area  to  store  i ts  own  
data  for send ing  to  other nodes.  I t  schedu les  the  cycl i c communication  by using  i ts  own  timer.  
Number of the  al l ocated  b locks  i s  l ess  than  the  avai lable  b lock number.   

 

 

Fi gu re 1 0  – Sh ared  memory al l ocati on  i n  Type  S  n etwork  

7. 2. 3  State  m ach i n e  of FSPM   

7. 2. 3.1  Cycl i c d ata  

Detai ls  of Cycl ic  data  state  mach ine  are  shown  i n  Table  40.   

No. Number of 

Node

Available  block  number  in  transfer cycle  [ms]

（64Byte/Block）

1 2 5 10 20 50 ...

1 16 256

2 128 256

3 128 640

4 128 320 640

5 128 320 1280

6 32 512

7 256 640

8 256 1280

9 256 640 1280

10 256 640 3200

…

Node A

Type S netowrk

Transmission  
area A

Node B Node C

Transm iss ion  
area B

Transmission 
area C

Transm iss ion  
area B

Transm iss ion  
area A

Transm iss ion  
area A

memory
al location

less than  
avai lable

block numberTransmission 
area A

Transm iss ion  
area B

Transm iss ion  
area B

Transmission 
area C
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Tabl e  40  – Cycl i c  d ata state  table   

# Cu rren t 
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext state  

1  ACTIVE  Put_cycl i cdata. req{CYC_ID,B lock_ID,CYCdata}  

=>  

CYC_WRITE. req{CYC_ID,B lock_ID,CYCdata}  

ACTIVE  

2  ACTIVE  CYC_WRITE. cnf{CYC_ID,Status}  

=>  

Pu t_cycl i cdata. cnf{CYC_ID,Status}  

ACTIVE  

3  ACTIVE  Get_cycl i cdata. req {CYC_ID,B l ock_ID}  

=>  

CYC_READ. req {CYC_ID,B lock_ID}   

ACTIVE  

4  ACTIVE  CYC_READ. cnf{CYC_ID,CYCdata, Status}  

=>  

Get_cycl i cdata. cnf{CYC_ID,CYCdata,Status}  

ACTIVE  

5  ACTIVE  Ctl_cycl i c. req {CYC_ID,CYCctl ,CYC-CTLdata}  

=>  

CTL_CYCLIC. req {CYC_ID,CYCctl ,CYC-CTLdata}  

ACTIVE  

6  ACTIVE  CTL_CYCLIC. cnf{CYC_ID,Status}  

=>  

Ctl_cycl i c. cnf{CYC_ID,Status}  

ACTIVE  

 

7. 2. 3. 2  Acycl i c  d ata  

Detai ls  of Acycl ic data  state  mach ine  are  shown  i n  Table  41 .   
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Tabl e  41  – Acycl i c  data  state  tabl e   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext state  

1  ACTIVE  Send_ctl data. req {D_add ,S_add ,CTLdata}  

=>  

SendCTL. req {D_add ,S_add , CTLdata}  

ACTIVE  

2  ACTIVE  SendCTL. cnf{Status}  

=>  

Send_CTLdata. cnf{Status}  

ACTIVE  

3  ACTIVE  SendCTL. i nd {D_add ,S_add ,CTLdata}  

=>  

Send_ctl data. i nd {D_add ,S_add ,CTLdata}  

ACTIVE  

4  ACTIVE  Send_infodata. req {D_add ,S_add , I NFOdata}  

=>  

Send INFO. req{D_add ,S_add , I NFOdata};  

ACTIVE  

5  ACTIVE  Send INFO.cnf{Status}  

=>  

Send_infodata. cnf{Status}  

ACTIVE  

6  ACTIVE  Send INFO. ind {D_add ,S_add , I NFOdata}  

=>  

Send_infodata. i nd {D_add ,S_add , I NFOdata}  

ACTIVE  

7  ACTIVE  Send_rmtctl . req {D_add ,S_add ,CMD,CMDdata}  

=>  

SendRMTCTL. req{D_add ,S_add ,CMD,CMDdata}  

ACTIVE  

8  ACTIVE  SendRMTCTL. cnf{D_add ,S_add ,CMD,CMDdata}  

=>  

Send_rmtctl . cn f{D_add ,S_add , CMD,CMDdata}  

ACTIVE  

 

7. 2. 3. 3  M an agemen t  

Detai ls  of Management data  state  mach ine  are  shown  i n  Table  42 .   

Table  42  – M an ag emen t state  table   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  ACTIVE  Set_attri bu te. req  

=>  

Set_attri bu te. cnf  

ACTIVE  

2  ACTIVE  Get_attri bu te. req  

=>  

Get_attri bu te. cnf 

ACTIVE  
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7.3  FSPM  type  N  

7.3. 1  Overview 

The FSPM  consists  of th ree  protocol  mach ines:  Cycl ic data,  Acycl ic data  and  Management.  
The  re lationsh ip  between  protocol  mach ines  i s  shown  i n  F igure  1 1 .   

 

Figure 1 1  – Structure of FSPM  type N   

The fol lowing  prim i tives  are  i ssued  from  the  FAL  user to  the  FSPM:   

Pu t_cycl icdata. req  

Get_cycl icdata. req  

Put_message. req  

Get_message. req  

Put_inqu iry message. req  

Put_repl y_message. req  

Put_n inqu iry_message. req  

Send_al i ve info. req  

Receive_al iveinfo. req  

Control_acycl ic. req  

Control_cycl ic. req  

Set_attribute. req  

Get_attribute. req  

The  fol lowing  prim i tives  are  i ssued  from  the  FSPM  to  the  FAL  user.  

Get_cycl icdata. cnf 

Put_message. ind  

Get_message.cnf 

Put_inqu iry_message. ind  

Put_repl y_message. ind  

Put_n inqu iry_message. ind  

Receive_al iveinfo.cnf 

FSPM

Cyclic  Data Acyclic  Data

ARPM

Management
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Set_attribute.cnf 

Get_attribute.cnf 

7. 3. 2  FSPM  

7. 3. 2 .1  Cycl i c d ata  

Detai ls  of Cycl ic  data  state  mach ine  are  shown  i n  Table  43.   

Tabl e  43  – Cycl i c  d ata  state  table   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  ACTIVE  Put_cycl i cdata. req  

=>  

Wri te_cycl i cdata. req  

ACTIVE  

2  ACTIVE  Get_cycl i cdata. req  

=>  

Get_cycl i cdata. cnf 

ACTIVE  

3  ACTIVE  Wri te_cycl i cdata. i nd  

=>  

Update  cycl i cdata  

ACTIVE  

4  ACTIVE  Control _cycl i c. req  

=>  

Ctl_cycl i c. req  

ACTIVE  

 

7. 3. 2 . 2  Acycl i c  d ata  

Detai ls  of Acycl ic data  s tate  mach ine  are  shown  i n  Table  44 .  
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Tabl e  44  – Acycl i c  data  state  tabl e   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext state  

1  ACTIVE  Put_message. req  

=>  

Transm i t_acycl i cdata1 . req  

ACTIVE  

2  ACTIVE  Transm i t_acycl i cdata1 . i nd  

/  (  CtlType  ==  MLT )  | |  (  CtlType  ==  ONE  )   

=>  

Pu t_message. i nd  

ACTIVE  

3  ACTIVE  Get_message. req  

=>  

Get_message. cnf 

ACTIVE  

4  ACTIVE  Pu t_inqu i ry_message. req  

=>  

Transm i t_acycl i cdata1 . req  

ACTIVE  

5  ACTIVE  Transm i t_acycl i cdata1 . i nd  

/   CtlType  ==  I NQ  

=>  

Pu t_inqu i ry_message. i nd  

ACTIVE  

6  ACTIVE  Pu t_n inqu i ry_message. req  

=>  

Transm i t_acycl i cdata1 . req  

ACTIVE  

7  ACTIVE  Transm i t_acycl i cdata1 . i nd  

/  CtlType  ==  N IQ  

=>  

Pu t_n inqu i ry_message. i nd  

ACTIVE  

8  ACTIVE  Pu t_repl y_message. req  

=>  

Transm i t_acycl i cdata1 . req  

ACTIVE  

9  ACTIVE  Transm i t_acycl i cdata1 . i nd  

/  CtlType  ==  RPL  

=>  

Pu t_repl y_message. i nd  

ACTIVE  

1 0  ACTIVE  Send_al i vei n fo. req  

=>  

Transm i t_acycl i cdata2. req  

ACTIVE  

1 1  ACTIVE  Recei ve_al i ve in fo. req  

=>  

Recei ve_al i ve in fo. cnf 

ACTIVE  

1 2  ACTIVE  Control_acycl i c. req  

=>  

Ctl_acycl i c. req  

ACTIVE  
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# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext state  

1 3  ACTIVE  Transm i t_acycl i cdata2. i nd  

=>  

Send_al i vei n fo. req  

ACTIVE  

 

7. 3. 2 . 3  M an agemen t  

Detai ls  of Cycl ic  data  state  mach ine  are  shown  i n  Table  45.  

Table  45  – M an ag emen t  state  table   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  ACTIVE  Set_attri bu te. req  

=>  

Set_attri bu te. cnf 

ACTIVE  

2  ACTIVE  Get_attri bu te. req  

=>  

Get_attri bu te. cnf 

ACTIVE  

 

8 Appl i cati on  rel ati on shi p protocol  machi n e (ARPM )  

8. 1  ARPM  type S  

8. 1 . 1  Overvi ew 

The ARPM  cons ists  of four sub-protocols :  Cycl ic con trol ,  Remote  control ,  RCL commun ication  
con trol ,  and  RT commun ication  con trol .  The  s tructure  of ARPM  is  shown  i n  F igure  1 2 .   
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Figu re 1 2  – Stru ctu re of ARPM  type  S   

8. 1 . 2  Cycl i c  con trol  

8. 1 . 2 .1  Cycl i c com mu n icati on  men u  

The cycl ic con trol  generates  the  traffic control  configuration  menu  based  on  configuration  data  
from  the  FAL user.  The  menu  is  created  by each  node  at each  cycle  time.  The  number of 
frames  i n  each  node  is  speci fied .   

The  re lation  among  the  cycle  time n [ms] , used  b locks  x[blocks]   and  transm ission  number per 
cycle  N_nc [blocks]  i s  shown  as  below.  

Cycle  time n  [ms]   (n={1 , 2, 5, 1 0, 20, 50, 1 00, 200, 500, 1 000}  )  

The  number of b locks  x (0  ≤  x  ≤  2 1  ×  n )  

The  number of b locks  per cycle  N_nc=  m in⁡(21 ,  x-21 ×c)     (c={0, 1 ,⋯ , ⌈x/21 ⌉ -1 }  )  

F i gure  1 3  shows  the  sequence of cycl ic commun ication  based  on  above formu las.  I n  the  
sequence,  cycle  1  transm its  frames  wi th  the  cycle  time of 1 0  ms  and  uses  1 05  b locks.  Cycle  2  
transm i ts  frames  wi th  cycle  time of 5  ms  and  uses  42  b locks.  Cycle  3  transm i ts  a  frame wi th  
cycle  time of 1  ms  and  uses  21  b locks.  The  boxes  in  F igure  1 3  mean  sen t frames,  the  number 
i n  each  box means  cycl ic  1 ,  2 ,  and  3  respectivel y.  

ARPM

Remote control

RT communication  controlRCL communication  control

FSPM

DMPM

Cyclic control
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Figu re 1 3  – Seq u en ce of cycl ic  com mu n icati on   

8. 1 . 2 .2  Pri mitive  defin i ti on s  

FSPM  issues  a  CYC_READ. req  service,  CYC_WRITE. req  service,  or CTL_CYCLIC. req  
service  to  Cycl ic control .  RT communication  control  i ssues  a  SendCYC. ind  service  to  Cycl ic  
con trol .  Cycl ic control  i ssues  a  CYC_READ.cnf service,  CYC_WRITE.cnf service,  or 
CTL_CYCLIC.cnf service  to  FSPM.  Cycl ic con trol  i ssues  a  SendCYC. req  service  to  RT  
communication  control .   

The  prim i ti ves  of Cycl ic con trol  are  shown  in  F igure  1 4.  

 

Fig u re 1 4 – Th e  pri miti ves  for cycl i c  con trol   

8. 1 . 2 .3  Cycl i c con trol  state  tabl e  

Detai ls  of Cycl ic  con trol  s tate  mach ine  are  shown  i n  Table  46 .  

0ms

(start)

1 ms 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 1 0ms 1 1 ms 1 2ms

3 3 3 3 3 3 3 3 3 3 3 3 3

2 1 1 1 2 2 1

1 1

2 2

1 1

time

Cycle 1

Cycle 2

Cycle 3
1 ms

5ms

1 0ms

2

3

1

2

Cycle1 :  1 0ms,  1 05blocks

Cycle2:  5ms,  42blocks

Cycle3:  1 ms,  21 blocks

RT communication  

control

FSPM

Cyclic control

CYC_READ.req

CYC_WRITE.req

CTL_CYCLIC.req

CYC_READ.cnf

CYC_WRITE.cnf

CTL_CYCLIC.cnf

SendCYC.req SendCYC.ind

ARPM
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Tabl e  46  – Cycl i c  con trol  state  tabl e   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any s tates  Power-ON  or Reset  

=>  

CYCMenu_fl ag  =  0  

Curren t_cycl e  =  0  

READY 

2  Any s tates  CYC_READ. req {CYC_ID,B lock_ID}   

/CYC_rcheck(B lock_ID)  ==  True  

=>  

CYCdata  =  Read_memory(B l ock_ID)  

S tatus  =  “Success”  

CYC_READ. cnf{CYC_ID,B lock_ID,   

             CYCdata,Status}  

Any states  

(no  change)  

3  READY CYC_WRITE. req{CYC_ID,B lock_ID,CYCdata}  

/CYC_wcheck(B lock_ID,CYCdata)  ==  True  

=>  

WRITE_Memory(B l ock_ID,CYCdata)  

Status  =  “Success”  

CYC_WRITE. cnf{CYC_ID,Status}  

READY 

4  READY CTL_CYCLIC. req {CYC_ID,CYCctl ,CYC-CTLdata}  

/Confi g_check(CYCctl , CYC-CTLdata)  ==  True   

&& CYCctl  ==  1  /*  S tart  */  

=>  

Make_CYCMenu(CYC-CTLdata)  

START_TIMER(CYCtask,CYC_Cycle)  

S tatus  =  “Success”  

CTL_CYCLIC. cnf{CYC_ID,Status}  

ACTIVE  

5  ACTIVE  CYC_WRITE. req{CYC_ID,B lock_ID,CYCdata}  

/CYC_wcheck(B lock_ID,CYCdata)  ==  True  

=>  

WRITE_Memory(B l ock_ID,CYCdata);  

ACTIVE  

6  ACTIVE  /EXPIRED_TIMER(CYCtask)  ==  “True”  

=>  

Curren t_cycl e++  

CYCdata=  Send_CYCMenu (Current_cycle)  

D_add  =  Broadcast  

S_add  =  Myadd  

SendCYC. req {D_add ,S_add ,CYCdata}  

I F(Cu rren t_cycle  ==  Max_CYCLE)  THEN  

Curren t_cycl e  =  0  

ENDIF  

ACTIVE  

7  ACTIVE  SendCYC. ind{D_add ,S_add ,CYCdata}  

/  D_add  =  Myadd  

=>  

B lockID  =  Get_BlockID(CYCdat)  

WRITE_Memory(B l ock_ID,CYCdata)  

ACTIVE  

8  ACTIVE  CTL_CYCLIC. req {CYC_ID,CYCCTL,CYC-CTLdata}  

/CYCCTL ==  0  /*  S top  */  

=>  

STOP_TIMER(CYCtask,CYC_Cycle)  

Status  =  “Success”  

CTL_CYCLIC. cnf{CYC_ID,Status}  

READY 
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8. 1 . 2 .4  Fu n ction s  

Al l  the  functions  used  by the  Cycl ic con trol  are  summarized  i n  Table  47.   

Tabl e  47  – Cycl i c  con trol  fu n cti on s   

Fu n cti on  N am e  I n pu t  Ou tpu t  Des cri pti on  

START_TIMER 
CYCtask,  

CYC_Cycl e  
(<none>)  

Timer CYCtask i s  set  by val ue  of 
CYC_Cycl e,  and  i s  acti vated .  

EXPIRED_TIMER CYCtask True/False  
When  the  requested  timer CYCtask has  
expi red ,  “True”  i s  returned ,  otherwise  “Fal se”  
i s  returned .  

CYC_rcheck B lock_ID  True/False  
Th i s  function  i s  used  to  check whether the  
B lock_ID  i s  val i d  for read i ng  from  the  shared  
memory.   

CYC_wcheck 
B lock_ID,  

CYCdata  
True/False  

Th i s  function  i s  used  to  check whether the  
B lock_ID  and  CYCdata  are  va l i d  for wri ti ng  
to  the  shared  memory.   

Read_memory B lock_ID  CYCdata  
Th i s  function  l oads  the  cycl i c  d ata  from  b lock 
i n  shared  memory speci fi ed  B l ock_ID.   

WRITE_Memory 
B lock_ID,  

CYCdata  
True/False  

Th i s  function  wri tes  CYCdata  to  b l ock i n  
shared  memory speci fi ed  B l ock_ID.   

Confi g_check 
CYCctl ,  

CYC-CTLdata  
True/False  

Th i s  function  i s  used  to  check whether the  
B lock_ID  i s  val i d  for read i ng  from  the  shared  
memory.   

Make_CYCMenu  CYC-CTLdata  True/False  
Th i s  function  makes  cycl i c  menu  to  send  
cycl i c  commun ication  frames.   

Send_CYCMenu  Current_Cycle  CYCdata  

Th i s  function  retu rns  the  CYCdata  to  send  
cycl i c  frames.  Th i s  function  l oad  
CYCdata[Curren t_Cycle]  table  and  retu rn  the  
variable  d ata.   

 

8. 1 . 2 . 5  Vari abl es  

Al l  the  variables  used  by the  Cycl ic con trol  are  summarized  i n  Table  48.   

Table  48  – Cycl ic  con trol  vari abl es  

N am e  Des cri pti on  

Current_cycl e  Th i s  variable  i nd icates  the  current  cycle  to  send  cycl i c  commun ication  frames.   

I f th i s  vari abl e  i s  0 ,  cycl i c  commun ication  i s  not  acti vated  i n  the  node.  I f cycl i c  
commun ication  i s  acti vated ,  th i s  vari abl e  takes  from  1  to  Max_CYCLE.   

Broadcast Th i s  variable  i s  broadcast  MAC add ress:   

FF-FF-FF-FF-FF-FF.   

Myadd  Th is  variable  i nd icates  the  add ress  of own  node.   

Max_CYCLE  Th is  variable  i nd icates  the  maximum  cycle  that  can  be  used  i n  cycl i c  commun ication  on  
Type  S  network.   

  

8. 1 . 3  Remote con trol  

8. 1 . 3. 1  Pri miti ve  defi n i ti on s  

FSPM  issues  a  SendRMTCTL. req  service  to  Remote  control .  RT communication  con trol  
i ssues  a  SendCTL_RMT. ind  service  and  SendCTL_RMT.cnf service  to  Remote  control .  
Remote  con trol  i ssues  a  SendRMTCTL.cnf service  to  FSPM.  Remote  con trol  i ssues  a  
SendCTL_RMT. req  service  and  SendCTL_RMT. rsp  to  RT communication  con trol .   
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The  prim i ti ves  of Remote  control  are  shown  i n  F igure  1 5.  

 

Fig u re 1 5  – Th e  pri miti ves  for Remote  con trol   

8 . 1 . 3.2  Remote  con trol  state  table  

Detai ls  of Remote  control  state  mach ine  are  shown  i n  Table  49.  

RT communication  

control

FSPM

Remote control

SendRMTCTL.req SendRMTCTL.cnf

SendCTL_RMT.req

SendCTL_RMT.rsp

SendCTL_RMT.ind

SendCTL_RMT.cnf

ARPM
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Table  49  – Rem ote  con trol  state  tabl e   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any states  Power-ON  or Reset  

=>  

ACTIVE  

2  ACTIVE  SendRMTCTL. req{D_add ,S_add ,CMD,CMDdata}  

/D_add  ! =  My_add  

=>  

CTLdata  =  CreateData(CMD,CMDdata)  

SendCTL_RMT. req {D_add ,S_add ,CTLdata}  

ACTIVE  

3  ACTIVE  SendRMTCTL. req{D_add ,S_add ,CMD,CMDdata}  

/D_add  ==  My_add  &&  

 CMD_code(CMD)  ==  “RMT_Read ”  

=>  

D_add_rsp  =  S_add  

S_add_rsp  =  My_add  

R_add  =  CMD_address(CMD)  

R_size  =  CMD_size(CMD)  

CMDdata_rsp  =  Readmemory(R_add ,R_size)  

i f(CMDdata_rsp  ! =  NULL)  THEN  

  S tatus  =  “Success”  

ELSE   

  S tatus  =  “Soft  I /F  Error”  

ENDI F  

CMD_rsp  =  MakeRSPCMD(CMD,Status)  

SendRMTCTL. cnf{D_add_rsp, S_add_rsp,   

               CMD_rsp,CMDdata_rsp}  

ACTIVE  

4  ACTIVE  SendRMTCTL. req{D_add ,S_add ,CMD,CMDdata}  

/D_add  ==  My_add  &&  

 CMD_code(CMD)  ==  “RMT_Reset”  

=>  

Reset()  

-  

5  ACTIVE  SendRMTCTL. req{D_add ,S_add ,CMD,CMDdata}  

/  D_add  ==  My_add  &&  

 CMD ! =  “RMT_Read”  &&   

 CMD  ! =  “RMT_Reset”  

=>  

D_add_rsp  =  S_add  

S_add_rsp  =  My_add  

Status  =  “Command  parameter error”  

CMD_rsp  =  MakeRSPCMD(CMD,Status)  

CMDdata_rsp  =  NULL  

SendRMTCTL. cnf{D_add_rsp, S_add_rsp,  

               CMD_rsp,CMDdata_rsp}  

ACTIVE  

6  ACTIVE  SendCTL_RMT. ind {D_add ,S_add ,CTLdata}  

/  D_add  ==  My_add  &&  

 CMD_check(CTLdata)  ==  “RMT_Start”  

=>  

Start_CPU()  

D_add_rsp  =  S_add  

S_add_rsp  =  My_add  

Status  =  “Success”  

CMD_rsp  =  MakeRSPCMD(CMD,Status)  

CMDdata_rsp  =  NULL  

CTLdata_rsp  =  CreateData(CMD_rsp,   

                         CMDdata_rsp)  

SendCTL_RMT. rsp{D_add_rsp,S_add_rsp,  

                CTLdata_rsp}  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

7  ACTIVE  SendCTL_RMT. ind {D_add ,S_add ,CTLdata}  

/D_add  ==  My_add  &&  

CMD_check(CTLdata)  ==  “RMT_Stop”  

=>  

Stop_CPU()  

D_add_rsp  =  S_add  

S_add_rsp  =  My_add  

Status  =  “Success”  

CMD_rsp  =  MakeRSPCMD(CMD,Status)  

CMDdata_rsp  =  NULL  

CTLdata_rsp  =  CreateData(CMD_rsp,   

                         CMDdata_rsp)  

SendCTL_RMT. rsp{D_add_rsp,S_add_rsp,  

                CTLdata_rsp}  

ACTIVE  

8  ACTIVE  SendCTL_RMT. ind {D_add ,S_add ,CTLdata}  

/D_add  ==  My_add  &&  

CMD_check(CTLdata)  ==  “RMT_Wri te”  

=>  

D_add_rsp  =  S_add  

S_add_rsp  =  My_add  

CMD =  CTL2CMD(CTLdata)  

CMDdata  =  CTL2DATA(CTLdata)  

W_add  =  CMD_add ress(CMD)  

W_size  =  CMD_size(CMD)  

Status  =  Wri tememory(W_add ,W_size)  

CMD_rsp  =  MakeRSPCMD(CMD,Status)  

CMDdata_rsp  =  NULL  

CTLdata_rsp  =  CreateData(CMD_rsp,   

                         CMDdata_rsp)  

SendCTL_RMT. rsp{D_add_rsp,S_add_rsp,  

                CTLdata_rsp}  

ACTIVE  

9  ACTIVE  SendCTL_RMT. ind {D_add ,S_add ,CTLdata}  

/D_add  ==  My_add  &&  

CMD_check(CTLdata)  ==  “RMT_Read ”  

=>  

D_add_rsp  =  S_add  

S_add_rsp  =  My_add  

CMD =  CTL2CMD(CTLdata)  

CMDdata  =  CTL2DATA(CTLdata)  

R_add  =  CMD_address(CMD)  

R_size  =  CMD_size(CMD)  

CMDdata_rsp  =  Readmemory(R_add ,R_size)  

i f(CMDdata_rsp  ! =  NULL)  THEN  

  S tatus  =  “Success”  

ELSE   

  S tatus  =  “Command  parameter error”  

ENDI F  

CMD_rsp  =  MakeRSPCMD(CMD,Status)  

CTLdata_rsp  =  CreateData(CMD_rsp,   

                         CMDdata_rsp)  

SendCTL. rsp{D_add_rsp,S_add_rsp,  

            CTLdata_rsp}  

ACTIVE  

1 0  ACTIVE  SendCTL_RMT. ind {D_add ,S_add ,CTLdata}  

/S_add  ==  My_add  &&  

CMD_check(CTLdata)  ==  “RMT_Reset”  

=>  

Reset()  

-  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 1  ACTIVE  SendCTL_RMT. ind {D_add ,S_add ,CTLdata}  

/S_add  ==  My_add  &&  

CMD_check(CTLdata)  ==  “Not_Val i d ”  

=>  

D_add_rsp  =  S_add  

S_add_rsp  =  My_add  

Status  =  “Command  parameter error”  

CMD_rsp  =  MakeRSPCMD(CMD,Status)  

CMDdata_rsp  =  NULL  

CTLdata_rsp  =  CreateData(CMD_rsp,   

                         CMDdata_rsp)  

SendCTL_RMT. rsp{D_add_rsp,S_add_rsp,  

               CTLdata_rsp}  

ACTIVE  

1 2  ACTIVE  SendCTL_RMT.cnf{D_add ,S_add ,CTLdata}  

/CMD_check(CTLdata)  ! =  “Not_Val i d ”  

=>  

CMD =  CTL2CMD(CTLdata)  

CMDdata  =  CTL2DATA(CTLdata)  

SendRMTCTL. cnf{D_add ,S_add ,CMD,CMDdata}  

ACTIVE  
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8. 1 . 3.3  Fu n ction s  

Al l  the  functions  used  by the  Remote  control  are  summarized  in  Table  50.   

Table  50  – Rem ote  con trol  fu n ction s   

Fu n cti on  N am e  I n pu t  Ou tpu t  Des cri pti on  

CreateData  
CMD,  

CMDdata  
CTLdata  

Th i s  function  creates  data  to  send  remote  
control  PDU .   

CMD_code  CMD  CMD_type  
Th i s  function  gets  the  type  of the  remote  
control  command .   

CMD_add ress  CMD  
R_add  or 

W_add  

Th is  function  gets  the  add ress  for memory 
access.    

CMD_si ze  CMD  
R_size  or 

W_size  

Th i s  function  gets  the  data  s i ze  for memory 
access.   

Readmemory 
R_add ,  

R_size  
CMDdata_rsp  

Th is  function  reads  the  data  speci fi ed  R_add  
and  R_size  from  the  node  memory.   

MakeRSPCMD  
CMD,  

Status  
CMD_rsp  

Th i s  function  makes  response  command  to  
recei ve  remote  con trol  command .  

Reset  (<none>)  S tatus  Th i s  function  i s  used  to  reset the  node.   

CMD_check CTLdata  CMD_type  
Th i s  function  checks  the  command  from  
CTLdata.   

S tart_CPU  (<none>)  S tatus  
Th i s  function  s tarts  the  CPU  connected  Type  
S  network.   

S top_CPU  (<none>)  Status  
Th i s  function  stops  the  CPU  connected  Type  
S  network.  

CTL2CMD  CTLdata  CMD  
Th i s  function  makes  remote  con trol  
command  from  CTLdata.  

CTL2DATA CTLdata  CMDdata  
Th i s  function  makes  data  for remote  control  
from  CTLdata.  

Wri tememory 
W_add ,  

W_size  
S tatus  

Th i s  function  wri tes  the  data  to  the  node  
memory.  

 

8. 1 . 3. 4  Vari abl es  

Al l  the  variables  used  by the  Remote  control  are  summarized  in  Table  51 .   

Tabl e  51  – Rem ote  con trol  variabl es   

N am e  Des cri pti on  

CMD_type  Th is  variable  i nd icates  the  command  type  for remote  con tro l  i ncl ud i ng  “RMT_Read”,  
“RMT_Reset” ,  “RMT_Start” ,  “RMT_Stop”,  or “RMT_Wri te” .  

My_add  Th is  variable  i nd icates  the  add ress  of own  node.  

R_add  Th is  variable  i s  used  to  speci fy the  address  for read i ng  from  the  node  memory.   

R_s ize  Th i s  variable  i s  used  to  speci fy s i ze  of the  data  for read ing  from  the  node  memory.   

NULL  Th is  variable  i nd icates  the  no  data.   

W_add  Th is  variable  i s  used  to  speci fy  the  address  for wri ti ng  to  the  node  memory.   

W_size  Th i s  variable  i s  used  to  speci fy s i ze  of the  data  for wri ti ng  to  the  node  memory.   
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8. 1 . 4  RCL  com mu n i cati on  con trol  

8. 1 . 4.1  Pri mi tive  d efin i ti on s  

DMPM  issues  an  RCL_START. ind  service,  RCL_STOP. ind  service,  or Node_ST. ind  service  to  
RCL communication  con trol .  RCL communication  control  i ssues  a  FAL-RCL. req  service  to  
DMPM.   

The  prim i ti ves  of RCL  communication  control  are  shown  i n  F igure  1 6  

.   

Fi gu re  1 6  – Th e  pri mitives  for RCL commu n i cation  con trol   

8 . 1 . 4.2  RCL  com mu n i cati on  con trol  state  table  

Table  52  shows  the  s tate  tab le  of the  RCL  commun ication  control .   

RCL communication  control

DMPM

FAL-RCL.req
RCL_START.ind

RCL_STOP.ind

Node_ST.ind

ARPM
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Tabl e  52  – RCL comm u n icati on  con trol  state  table   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any states  Power-ON  or Reset  

=>  

LCC_flag  =  “Fal se”  

LCN_flag  =  “Fal se”  

SCR_count  =  0  

START_TIMER(Fi xedtask, F i xed_Cycle)  

ACTIVE  

2  ACTIVE  EXPIRED_TIMER(Fi xedtask)  ==  “True”  

=>  

RCL_TIM_RHE()  

RCL_TIM_LCC()  

RCL_TIM_LCN()  

RCL_TIM_SCR()  

ACTIVE  

3  ACTIVE  RCL_START. ind{RCLType, D_add ,  

                RCLPri ,RCLPort}  

/RCLType  ==  LCC  

=>  

LCC_flag  =  “True”  

LCC_PDU  =  CreateLCCframe()  

ACTIVE  

4  ACTIVE  RCL_START. ind{RCLType, D_add ,  

                RCLPri ,RCLPort}  

/RCLType  ==  LCA 

=>  

LCA_PDU  =  CreateLCAframe(D_add )  

PortNum  =  RCLPort  

FAL-RCL. req {S_add ,PortNum ,RCLPri ,  

            RCLType, LCA_PDU}  

ACTIVE  

5  ACTIVE  RCL_START. ind{RCLType, D_add ,  

                RCLPri ,RCLPort}  

/RCLType  ==  LCN  

=>  

LCN_flag  =  “True”  

LCN_PDU  =  CreateLCNframe()  

ACTIVE  

6  ACTIVE  RCL_START. ind{RCLType, D_add ,  

              RCLPri ,RCLPort}  

/RCLType  ==  LNA 

=>  

LNA_PDU  =  CreateLNAframe(D_add )  

PortNum  =  RCLPort  

FAL-RCL. req {S_add ,PortNum ,RCLPri ,  

            RCLType, LNA_PDU}  

ACTIVE  

7  ACTIVE  RCL_STOP. ind {RCLType}  

/RCLType  ==  LCC  

=>  

LCC_flag  =  “Fal se”  

ACTIVE  

8  ACTIVE  RCL_STOP. ind {RCLType}  

/RCLType  ==  LCN  

=>  

LCN_flag  =  “Fal se”  

ACTIVE  

9  ACTIVE  Node_ST. i nd{NodeST,PortAST,PortBST}  

=>  

SCR_count =  SCR_Sndnum  

SCR_PDU  =  CreateSCRframe(NodeST,PortAST,  

PortBST)  

ACTIVE  
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8. 1 . 4.3  Fu n ction s  

Al l  the  functions  used  by the  RCL communication  con trol  are  summarized  i n  Table  53 .   

Table  53  – RCL comm u n ication  con trol  fu n cti on s   

Fu n cti on  N am e  I n pu t  Ou tpu t Des cri pti on  

RCL_TIM_RHE  (<none>)  (<none>)  

F i xed  cycle  function  for send ing  RHE-PDU.  

RCL_TIM_RHE()  i s  assembled  as  fol l ows:   

RHE_PDU-A =  CreateRHEframe(PortA)  

RHE_PDU-B  =  CreateRHEframe(PortB)  

S_add  =  Myadd  

RCLPri  =  VLAN_RCL  

RCLType  =  RHE  

PortNum  =  PortA 

FAL-RCL. req {S_add ,PortNum ,RCLPri ,  

            RCLType,RHE_PDU-A}  

PortNum  =  PortB  

FAL-RCL. req {S_add ,PortNum ,RCLPri ,  

            RCLType,RHE_PDU-B}  

RCL_TIM_LCC (<none>)  (<none>)  

F i xed  cycle  function  for send ing  LCC-PDU.   

RCL_TIM_LCC()  i s  assembled  as  fol l ows:   

I F (LCC_fl ag  ==  “TRUE”)  THEN  

S_add  =  Myadd  

RCLPri  =  VLAN_RCL  

RCLType  =  LCC  

PortNum  =  Both  

FAL-RCL. req {S_add ,PortNum ,  

RCLPri ,RCLType,  

LCC_PDU}  

 ENDI F  

RCL_TIM_LCN  (<none>)  (<none>)  

F i xed  cycle  function  for send ing  LCN-PDU.   

RCL_TIM_LCN()  i s  assembled  as  fol l ows:   

I F (LCN_fl ag  ==  “TRUE”)  THEN  

S_add  =  Myadd  

RCLPri  =  VLAN_RCL  

RCLType  =  LCN  

PortNum  =  PortB  

FAL-RCL. req {S_add ,PortNum ,  

RCLPri ,RCLType,  

LCN_PDU}  

 ENDI F  
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Fu n cti on  N am e  I n pu t  Ou tpu t Des cri pti on  

RCL_TIM_SCR (<none>)  (<none>)  

F i xed  cycle  function  for send ing  SCR-PDU.   

RCL_TIM_SCR()  i s  assembled  as  fol l ows:   

I F (SCR_count >  0)  THEN  

S_add  =  Myadd  

RCLPri  =  VLAN_RCL  

RCLType  =  SCR 

PortNum  =  Both  

FAL-RCL. req {S_add ,PortNum ,  

RCLPri ,RCLType,  

SCR_PDU}  

SCR_count--  

 ENDI F  

EXPIRED_TIMER F i xedtask True/False  
When  requested  timer F i xed task has  exp i red ,  
“True”  i s  retu rned ,  otherwise  “Fal se”  i s  retu rned .   

START_TIMER 
F i xedtask,  

F i xed_Cycle  
(<none>)  

Timer F i xed task i s  set  by val ue  of F i xed_Cycle,  
and  i s  acti vated .   

CreateLCCframe  (<none>)  LCC_PDU  
Generate  the  LCC-PDU   

 

CreateLCAframe D_add  LCA_PDU  
Generate  the  LCA-PDU   

 

CreateLCNframe  (<none>)  LCN_PDU  
Generate  the  LCN -PDU   

 

CreateLNAframe D_add  LNA_PDU  
Generate  the  LNA-PDU   

 

CreateSCRframe 

NodeST,  

PortAST,  

PortBST 

SCR_PDU  

Generate  the  SCR-PDU   

 

8. 1 . 4. 4  Vari abl es  

Al l  the  variables  used  by the  RCL communication  con trol  are  summarized  i n  Table  54 .   

Tabl e  54  – RCL comm u n icati on  con trol  vari abl es   

N am e  Des cri pti on  

LCC_flag  Th i s  fl ag  i n d icates  whether send ing  LCC-PDU  or not.   

LCN_flag  Th i s  fl ag  i n d icates  whether send ing  LCN-PDU  or not.   

SCR_count  Th i s  coun ter con ta ins  the  remain ing  number of transm iss ions  of SCR-PDU.   

SCR_Sndnum  Th is  variable  i nd icates  the  number of transm iss ions  of SCR-PDU  per an  
event.   

Myadd  Th is  variable  i nd icates  the  add ress  of own  node.  

VLAN_RCL  Th is  variable  i nd icates  the  VLAN  pri ori ty to  RCL commun ication .   
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8. 1 . 5  RT commu n i cation  con trol  

8. 1 . 5.1  Pri mi tive  d efin i ti on s  

FSPM  issues  a  SendCTL. req  service  or Send INFO. req  service  to  RT communication  control .  
Cycl ic con trol  i ssues  a  SendCYC. req  service  to  RT communication  con trol .  Remote  control  
i ssues  a  SendCTL_RMT. req  service  or SendCTL_RMT. rsp  service  to  RT commun ication  
con trol .  DMPM  issues  a  FAL-RTC. ind  service  or FAL-RTC.cnf service  to  RT communication  
con trol .  RT communication  control  i ssues  a  SendCTL. ind  service,  SendCTL.cnf service,  
Send INFO. ind  service,  or Send INFO.cnf service  to  FSPM.  RT communication  con trol  i ssues  a  
SendCYC. ind  service  or SendCYC.cnf service  to  Cycl ic control .  RT communication  con trol  
i ssues  a  SendCTL_RMT. ind  service  or SendCTL_RMT.cnf service  to  Remote  con trol .  RT 
communication  control  i ssues  a  FAL-RTC. req  service  or FAL-RTC. rsp  service  to  DMPM.   

The  prim i ti ves  of RT communication  con trol  are  shown  i n  F igure  1 7 .  

 

Figu re 1 7  – Th e  pri mi tives  for RT comm u n i cati on  con trol   

8. 1 . 5.2  RT commu n i cation  con trol  state  tabl e  

Table  55  shows  the  s tate  tab le  of the  RT communication  con trol .   

RT communication  control

DMPM

FAL-RTC.req

FAL-RTC.rsp

FAL-RTC.ind

FAL-RTC.cnf

Remote control

FSPM

Cyclic  control

SendCYC.req SendCYC.ind

SendCTL_RMT.req

SendCTL_RMT.rsp

SendCTL_RMT.ind

SendCTL_RMT.cnf

SendCTL.req

SendINFO.req

SendCTL.ind

SendCTL.cnf

SendINFO.ind

SendINFO.cnf
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Table  55  – RT com mu n i cation  con trol  state  tabl e   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any states  Power-ON  or Reset  

=>  

ACTIVE  

2  ACTIVE  SendCTL. req {D_add ,S_add , CTLdata}  

=>  

RTC_PDU  =  CreateRTCframe(CTLdata)  

Frame_pri  =  VLAN_CTL  

FAL-RTC. req {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

Status  =  “Success”  

SendCTL. cnf{Status}  

ACTIVE  

3  ACTIVE  FAL-RTC. ind {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

/Frame_pri  ==  VLAN_CTL &&  

 PDU_check(RTC_PDU)  ! =  “RMTCTL”  

=>  

CTLdata  =  CreateRTCdata(RTC_PDU)  

SendCTL. i nd{D_add ,S_add ,CTLdata}  

ACTIVE  

4  ACTIVE  Send INFO. req{D_add ,S_add , I NFOdata}  

=>  

RTC_PDU  =  CreateRTCframe(I NFOdata)  

Frame_pri  =  VLAN_INFO  

FAL-RTC. req {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

Status  =  “Success”  

Send INFO.cnf{Status}  

ACTIVE  

5  ACTIVE  FAL-RTC. ind {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

/Frame_pri  ==  VLAN_INFO  

=>  

I NFOdata  =  CreateRTCdata(RTC_PDU)  

Send INFO. ind {D_add ,S_add , I NFOdata}  

ACTIVE  

6  ACTIVE  SendCTL_RMT. req {D_add ,S_add ,CTLdata}  

=>  

RTC_PDU  =  CreateRTCframe(CTLdata)  

Frame_pri  =  VLAN_CTL  

FAL-RTC. req {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

ACTIVE  

7  ACTIVE  FAL-RTC. ind {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

/Frame_pri  ==  VLAN_CTL && 

 PDU_check(RTC_PDU)  ==  “RMTCTL”  

=>  

CTLdata  =  CreateRTCdata(RTC_PDU)  

SendCTL_RMT. ind{D_add ,S_add ,CTLdata}  

ACTIVE  

8  ACTIVE  SendCTL_RMT. rsp{D_add ,S_add ,CTLdata}  

=>  

RTC_PDU  =  CreateRTCframe(CTLdata)  

Frame_pri  =  VLAN_CTL  

FAL-RTC. rsp{D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

ACTIVE  
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# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

9  ACTIVE  FAL-RTC.cnf{D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

/Frame_pri  ==  VLAN_CTL  

 PDU_check(RTC_PDU)  ==  “RMTCTL”  

=>  

CTLdata  =  CreateRTCdata(RTC_PDU)  

SendCTL_RMT.cnf{D_add ,S_add ,CTLdata}  

ACTIVE  

1 0  ACTIVE  SendCYC. req {D_add ,S_add ,CYCdata}  

=>  

RTC_PDU  =  CreateRTCframe(CYCdata)  

Frame_pri  =  VLAN_CYC 

FAL-RTC. req {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

Status  =  “Success”  

SendCYC. cnf{Status}  

ACTIVE  

1 1  ACTIVE  FAL-RTC. ind {D_add ,S_add , Frame_pri ,   

            RTC_PDU}  

/Frame_pri  ==  VLAN_CYC  

=>  

CYCLdata  =  CreateRTCdata(RTC_PDU)  

SendCYC. ind{D_add ,S_add ,CYCdata}  

ACTIVE  

 

8. 1 . 5. 3  Fu n cti on s  

Al l  the  functions  used  by the  RT communication  control  are  summarized  in  Table  56.    

Table  56  – RT com mu n i cation  con trol  fu n ction s   

Fu n cti on  N am e I n pu t  Ou tpu t  Des cri pti on  

CreateRTCframe  
CTLdata  or 

I NFOdata  
RTC_PDU  

Th is  function  generates  the  RTC-PDU  for 
send ing  the  cycl i c,  con trol ,  and  i n formation  
commun ication .   

CreateRTCdata  RTC_PDU  
CTLdata  or 

I NFOdata  

Th i s  function  converts  the  RTC-PDU  to  the  data  
un i t  for FAL  service.  

PDU_check RTC_PDU  PDU_Type  
Th is  function  checks  the  RTC_PDU  for the  
remote  control  data  or the  genera l  control  
commun ication  data.   

 

8. 1 . 5. 4  Vari abl es  

Al l  the  variables  used  by the  RT communication  control  are  summarized  in  Table  57.   

Table  57  – RT com mu n i cation  con trol  variabl es   

N am e  Des cri pti on  

PDU_Type  Th is  variable  i nd icates  the  PDU  type  and  takes  character “CTL”,  “ I NFO”,  “RMTCTL”,  or 
“CYCLIC”.  

VLAN_CTL  Th is  variable  i nd icates  the  VLAN  pri ori ty to  Control  commun ication .   

VLAN_INFO  Th is  vari able  i nd i cates  the  VLAN  pri ori ty to  I n formation  commun ication .   

VLAN_CYC Th is  variable  i nd icates  the  VLAN  pri ori ty to  Cycl i c  commun ication .   
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8. 2  ARPM  type N  

8. 2. 1  Overvi ew 

The ARPM  cons ists  of four sub-protocols :  Cycl ic  transm ission  con trol ,  Acycl ic transm ission  
con trol ,  and  RT commun ication  con trol .  The  s tructure  of ARPM  is  shown  i n  F igure  1 8.  

  

Figu re 1 8  – Stru ctu re of ARPM  type  N   

8. 2. 2  Gen eral  con trol  

8. 2. 2 .1  Du pl ex LAN s  con trol  

Type N  protocol  provides  function  to  transm it messages  us ing  of duplex LANs  i n  order to  
acqu i re  the  h igh  rel iabi l i ty of transm iss ion .  I n  th is  case,  th is  function  does  not affect  the  user.  

1 )  Mu l ticast commun ication  

Mu l ticast commun ication  method  uses  both  LANs  of duplex LANs.  

a)  Mu l ticast commun ication  (Transm ission)  

Th is  method  transm i ts  the  same message in to  both  LANs.  I n  th is  case,  the  same 
header,  same UDP port  number and  d i fferent desti nation  I P  address  are  used .  

b)  Mu l ticast commun ication  (Reception)  

Th is  commun ication  method  receives  messages  from  both  LANs of duplex LANs.  On  
receiving  a  message,  the  checking  procedure  for a  receiving  message is  execu ted  by 
means  of us ing  a  message sequence  number (hd_seq)  wi th in  a  NX header.  Dupl icated  
messages  are  detected  and  d iscarded .  

2)  Peer to  Peer communication   

Peer to  Peer communication  method  treats  duplex LANs  as  an  active  LAN  and  a  s tandby 
LAN .  Each  node  establ ishes  a  TCP connection  in  both  an  active  LAN  and  a  standby LAN ,  
respective l y.  Th is  commun ication  method  uses  a  TCP connection  of on l y an  acti ve  LAN .  
On  detecti ng  fau l t of an  active  LAN ,  a  detecti ng  node  d isconnects  the  TCP connection  of 
the  acti ve  LAN ,  and  changes  from  a  standby LAN  i n to  a  new acti ve  LAN .  

a)  Peer to  Peer communication  (Transm iss ion)  

Each  node  transm i ts  packets  (messages)  i n to  a  TCP  connection  of an  acti ve  LAN .  

b)  Peer to  Peer communication  (Reception)  

ARPM

Acyclic

transmission  control

RT communication  control

FSPM

DMPM

Cyclic 

transmission  control
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Each  node  receives  packets  (messages)  from  a  TCP  connection  of an  active  LAN .  On  
receiving  a  packet,  the  checking  procedure  for a  receiving  packet i s  execu ted  by 
means  of using  a  packet sequence  number (hd_pseq)  wi th in  a  NX header.   

Dupl icated  packets  or lost packets  are  detected  and  d iscarded .   On  receiving  packets  
wi th  an  i ncons isten t packet sequence number,  a  detecti ng  node  d isconnects  the  TCP  
connection  and  establ ishes  a  new TCP connection .  The  checking  procedure  for a  
receiving  message i s  a lso  executed  by means  of us ing  a  message sequence number 
(hd_seq)  wi th in  a  NX header.   

8. 2. 2 .2  N od e mon i torin g  con trol  

Each  node  transm i ts  period ical l y a l i ve-messages  i n to  data  fi e lds  in  order to  mon i tor the  state  
(“a l i ve”  or “dead”)  of nodes.  

1 )  Range  of transm i tting  data  fie l ds  

A node  transm i ts  an  a l i ve-message i n to  al l  d ata  fie l ds  correspond ing  to  connected  
networks.  I n  the  duplex LAN  environment,  a  node  transm its  the  same al i ve-message in to  
each  LAN ,  respectivel y.  

2)  I n terval  of transm i tting  an  a l i ve-message  

A node  transm its  immed iatel y an  a l i ve-message  after becom ing  on l ine  status.  Then ,  a  
node  transm its  an  al i ve-message accord ing  to  a  predefined  transm itti ng  i n terval  time  in  
each  data  fi el d .  

3)  Mon i toring  node  s tatus  

On  starting  of mon i toring  a  data  fi el d ,  nodes  status  of a l l  nodes  that belongs  to  the  data  
fie ld  are  recogn ized  as  "dead"  state.  When  a  mon i toring  node  receives  an  a l i ve-message  
from  a  mon i tored  node,  a  node  state  i s  changed  from  “dead”  s tate  to  “a l i ve”  state.  I f a  
mon i toring  node  d i d  not receive  an  a l i ve-message from  a  mon i tored  node  wi th in  the  time 
speci fied  by the  a l_tm_out,  the  mon i toring  node  recogn izes  that a  mon i tored  node  is  dead .  
When  a  type  of a  receiving  a l i ve-message (a l_mode)  is  a  “shu tdown”  or “maintenance”,  a  
mon i toring  node  recogn izes  a  mon i tored  node  wi th  “dead”  state  by means  of “shu tdown”  
operation  or “main tenance”  operation .  

NOTE  Even  i f a  mon i tored  node’s  state  i s  a l i ve,  fau l ts  of network-paths  may i n tercept  an  a l i ve-message  from  a  
mon i tored  node.  Therefore,  a  mon i tori ng  node  shou l d  recogn ize  the  mon i tored  node’s  state  by means  of detecti ng  
a  reception  state  of the  a l i ve-message  from  the  p l u ral  n etwork-paths  or detecti ng  a  reception  s tate  of the  a l i ve-
message  from  p l u ral  nodes.  

8. 2. 2 . 3  M u lti  l ayers  traffi c con trol  

Type  N  protocol  provides  the  mu l ti  l ayers  traffic control  function .  

Each  node  shal l  control  the  traffic of message (data)  i n  mu l ti  l ayers  as  fol lows:  

1 )  Traffic Bandwid th  Al location  

Al locating  the  network’s  bandwid th ,  and  con trol l i ng  network traffic wi th  transm ission-rate  
con trol ,  

2)  Message  Priori ty Con trol  

Control l ing  a  priori ty of the  send/receive-message accord ing  to  the  priori ty wi th  max 7-
l evel .  Here,  cycl ic transm iss ion ’s  priori ty i s  h i gher than  acycl ic  transm ission ’s  priori ty,  

3)  Traffic F i l tering  Control  

Exclud ing  the  worse  i n fluence  for send-traffic by fi l teri ng  much  receive-traffic,  

4)  Network traffic con trol  

Th is  control  excludes  the  worse  in fluence from  other network traffic.  

a)  D ivid ing  a  broadcast domain  (VLAN);  

b)  Al locating  the  network communications  to  physical l y d isti nct LANs;   

c)  Priori ty control  by network swi tches  (ToS、 VLAN-tag) .  
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System  des ign  i s  important  regard ing  the  tota l  network traffic.  

8. 2. 3  Cycl i c tran smi ssion  con trol  

8. 2. 3. 1  Pri miti ve  defi n i ti on s  

The FSPM  issues  Wri te_cycl icdata. req  and  Ctl_cycl ic. req  to  the  Cycl ic transm iss ion  con trol .  
The  Cycl ic  transm ission  con trol  i ssues  Wri te_cycl i cdata. i nd  to  the  FSPM.  

  

Fi gu re 1 9  – Pri mi tives  of Cycl i c  tran sm i ssion  con trol   

8 . 2. 3. 2  Cycl i c  tran smi ssi on  con trol  state  tabl e  

Detai ls  of Cycl ic  transm ission  con trol  state  mach ine  are  shown  i n  Table  58.  
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Table  58  – Cycl ic  tran smi ssi on  con trol  state  table  

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any s tate  I n i ti a l  

=>  

Create_Cycl i c_Control_I nformation  (  Dfn  ,  Tm id  ,  I n fo  )  

READY 

2  READY Ctl_cycl i c. req  {TargetDfn  , TargetMgn ,  Tm id  ,  CtlCmd  }  

/  (CtlCmd  ==  START)  &&  

(Check_Cycl i cEnvi ronment ==  True  )  

=>  

Open_MCG_port  (TargetDfn)  

S tart_Timer(  Cycl i c_in terval_timer )  

ACTIVE  

3  ACTIVE  Ctl_cycl i c. req  {TargetDfn  ,  TargetMgn ,  Tm id  ,  CtlCmd  }  

/  (CtlCmd  ==  STOP  )  &&  

(Check_Cycl i cEnvi ronment ==  True  )  

=>  

S top_Timer(  Cycl i c_in terval_timer )  

READY 

4  ACTIVE  

 

Wri te_cycl i cdata. req {  DstDfn  ,  DstMgn  ,  Tm id  ,  Pri ,  Offset-
add ress  ,  S i ze  ,  Cycl i cData  }  

/  

=>  

Update_a_Cycl i cDataMemory (DstDfn  ,  DstMgn  , Tm id  ,  
Offset-address  ,  S i ze  ,  Cycl i cData  )  

ACTIVE  

5  ACTIVE  /  Expi re_Timer (  Cycl i c_in terva l_timer )  ==  True  

=>  

Ad just_Cycl i cI n tervalTimerI n fo  

Select_Cycl i cData(Data,  DataLength)  

Create_Cycl i cData-PDU  (  DstDfn ,   DstMgn ,  Tcd ,  Pri ,   
CtlType,  Data,   DataLength ,  FragmentedPduList  )  

targetPDU  =  RetrieveList(  FragmentedPduList  )  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_cycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(  FragmentedPduList  )  

}  

ACTIVE  

6  ACTIVE   /  Exp i re_Timer (  Cycl i c_in terval_timer  ,  DstDfn  ,  DstMgn  )  
==  True  

&& NodeMode  ==  Test-mode  

=>  

(Nop)  

ACTIVE  

7  ACTIVE  Send_cycl i cdata. i nd  {  Cycl i cData-PDU  }  

=>  

/*  Assembly  processing  */  

Assembly_c_Processing（Cycl i cData-PDU ,  Cdata,  

CdataLength ,  D iagnosis ）  

I F  (D iagnosis  ==  OK_1 )   

THEN  {  

 B l ockI n fo  =  Get_BlockI n fo  (Cdata,  CdataLength)  

Update_b_Cycl i cDataMemory (DstDfn  ,  DstMgn  , Tm id  ,  
B l ockI n fo  )  

Wri te_cycl i cdata. i nd  

    }  

ELSE  I F  ((Di agnosis  ==  OK_2)  | |  (D i agnosis  ==  NG)  

        (Nop)  

ACTIVE  

8  ACTIVE  Read_cycl i cdata. req  {  DstDfn  ,  DstMgn  , Tm id  ,  Offset-
add ress  ,  S i ze  ,  Cycl i cData  }  

=>  

Read_cycl i cdata. cnf {  DstDfn  ,  DstMgn  , Tm id  ,  Offset-
add ress  ,  S i ze  ,  Cycl i cData  }  

ACTIVE  
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8. 2. 3.3  Fu n ction s  

Al l  the  functions  used  by the  Cycl ic transm ission  con trol  are  summarized  i n  Table  59.   

Table  59  – Cycl ic  tran smi ssi on  con trol  fu n ction s   

N am e  I n pu t  Ou tpu t  Des cri pti on  

Ad just_Cycl i cI n tervalTime
r I n fo  

Cycl i cI n tervalTim
erI nformation  

Cycl i cI n tervalTimerI nfor
mation  

Th i s  function  updates  cycl i c-  transm i tti ng  
i n formation  (  transm i tti ng  tim ing ,  
transm i tti ng  coun ter etc)  

Assembly_c_Process ing  PDUdata  Cdata,  CdataLength ,  

D iagnosis  

Th i s  function  reassembles  the  recei ved  
fragmentati on  packets  (PDUdata).  

Th i s  function  reassembles  the  recei ved  
fragmentati on  packets  (PDUdata).  

After completi ng  a  reassembl i ng  
process ing ,  a  reassembled  data  i s  set  to  a  
Cdata.  

Here,  a  fa lAr-Header i s  removed  from  a  
Cdata.  

(s1 )  I f a  recei ved  packet  (PDUdata)  i s  not  a  
fragmented  packet,  fi n i sh  a  process ing .  →(s  
6)  

 (s2)  I f a  recei ved  packet i s  a  top  packet  of 
a  fragmented  packet,  reg i ster the  packet.  
S tart  a  mon i tori ng  timer of reassembl i ng .  
→(s  7)  

 (s3)  I f a  recei ved  packet i s  not  a  top  packet  
of a  fragmented  packet,  reg i ster the  packet  
and  execute  a  reassembl i ng  processing .  
→(s  4)  

 (s4)  I f a  reassembl i ng  process ing  
completed ,  s top  a  mon i tori ng  t imer of 
reassembl i ng .  →(s  6)I f a  reassembl i ng  
process ing  d i d  not  complete  yet,  conti nue  
an  ongoi ng    p rocessing  state.→(s  7)  

 (s5)  I f a  reassembl i ng  process ing  d i d  not  
complete  wi th i n  a  mon i tori ng  t ime  of 
reassembl i ng ,  d i scard  a l l  packets  reg i stered  
i n  a  reassembl i ng  q ueue  and  return  an  
uncompleted  error.  →(s8)  

 (s6)  Retu rn  the  i n formation  be low.  

Cdata  =  Reassembl i ng  completed  data  

Cdata  Length  =  Length  of Cdata  

D iagnosis  =  OK_1  (Completed )  

 (s7)  Retu rn  the  i n formation  be low.  

D iagnosis  =  OK_2  (Conti nu i ng  
reassembl i ng )  

 (s8)  Retu rn  the  i n formation  be low.  

Cdata  =Curren t reassembl i ng  data  

Cdata  Length  =  Length  of Cdata  

D iagnosis  =  NG  

ErrorTransactionCode  =  Not completed  

Check_Cycl i cEnvi ronment  -  True  /  Fa l se  Th i s  function  checks  whether or not  the  
envi ronment  of cycl i c  transm ission  i s  val i d .  

Retu rns  True  i f so,  and  Fal se  i f not.  
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Name  Input  Output  Description  

Create_Cycl i cData-PDU   DstDfn ,   

DstMgn ,   

Tcd ,  Pri ,   

CtlType,  

Data,    

DataLength  

FragmentedPduList  Th i s  function  creates  a  Create_Cycl i cData-
PDU  from  a  speci fi ed  message  (Data).  
Here,  i t  sets  a  s tate  of message  mode  
correspond ing  to  operation  mode  of the  
node  (NodeMode)  i n to  hd_mode  fi e l d .  

After processing  a  fragmentati on  accord ing  
to  5 . 3 . 2 . 1 6,  i t  reg i sters  a  fragmented  PDU  
i n to  a  l i s t  of FragmentedPduList.  

Create_Cycl i c_Control_I nf
ormation   

Dfn  ,  

Tm id  ,   

I n fo   

Cycl i cEnvi ronment  Th i s  function  I n i ti a l i zes  i n formation  of cycl i c  
transfer memory.  

Obvi ousl y,  i t  defi nes  cycl i c  transfer 
i n terva l s ,  b l ock numbers,  number of b l ocks,  
mu l ti cast  g roup  numbers  of wh i ch  consisti ng  
transfer memory.  

Expi re_Timer cycl i c_in terval_ti
mer 

 Th i s  function  retu rns  True  when  a  
cycl i c_in terval_ t imer has  expi red .  

Get_BlockI nfo   Cdata,  

CdataLength  

B lockin fo   Th i s  function  gets  i n formation  of transfer 
memory consisti ng  of DstDfn ,  DstMgn ,  
Tm id ,  transfer b l ock number,  n umber of 
transfer b l ocks  and  cycl i c  transfer data.  

I t  sets  above  i n formation  to  B lockin fo  
variable.  

Open_MCG_port  Dfn  -  Th i s  function  enables  a  mu l ti cast  
commun ication  port  be long ing  to  Dfn  to  
commun icate.  

I n  the  case,  to  i n i ti a l i ze  a  sequence  number 
of each  mu l ti cast  g roup.  

（S_V_SEQ =  cu rrent  t ime,  S_SEQ =0,   

R_V_SEQ =  0）  

Retri eveList  FragmentedPduL
ist  

targetPDU   Th i s  function  gets  the  fragmented  PDU  from  
FragmentedPduList  and  sets  i t  to  targetPDU  
variable.  

When  FragmentedPduList  becomes  empty,  
sets  Nu l l  to  FragmentedPduList.  

Select_Cycl i cData  -  Data,  

 DataLength  

Th i s  function  extracts  con tents  of 
transm i tti ng  memory from  cycl i c  transfer 
memory.  

I t  sets  the  conten ts  and  s i ze  of the  contents  
to  Data  and  DataLength ,  respecti vel y.  

Here,  s tructu re  of Data  sha l l  h ave  a  
s tructu re  of Cycl i cData-PDU  wh ich  i ncl udes  
a  tm id ,  a  b l ockNumber and  a  b l ockCount  
fi e l d .  

S tart_Timer Cycl i c_i n terval_ti
mer 

-  Th i s  function  starts  a  cycl i c_in terval _timer.  

Stop_Timer Cycl i c_i n terval_ti
mer 

-  Th i s  function  stops  a  cycl i c_in terval_timer.  

Update_a_Cycl i cDataMe
mory  

DstDfn  ,   

DstMgn  ,  

Tm id  ,   

Offset-address  ,   

S i ze  ,   

Cycl i cData   

Cycl i cMemoryArea  Th is  function  updates  the  contents  of cycl i c  
transfer memory wh ich  i s  speci fi ed  by 
DstDfn ,  DstMgn  and  Tm id .  

Obvi ousl y,  i t  updates  memory area  wi th  the  
con tents  wh ich  i s  speci fi ed  by both  the  
offset-address  (Offset-add ress)  from  a  top-
add ress  of cycl i c  transfer memory 
(Cycl i cData)  and  the  S ize.  

Update_b_Cycl i cDataMe
mory  

B l ockinfo   Cycl i cMemoryArea  Th is  function  updates  the  contents  of cycl i c  
transfer memory by us ing  i n formation  of 
cycl i c  transfer memory (B lockI n fo),  wh ich  i s  
get  from  Cycl i cData-PDU .  
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8. 2. 3.4  Vari abl es  

Al l  the  variables  used  by the  Cycl ic transm ission  con trol  are  summarized  i n  Table  60.   

Table  60  – Cycl ic  tran smi ssion  con trol  variabl es   

N am e  Des cri pti on  

BlockI n fo   I n formation  of cycl i c  transfer memory creati ng  from  a  reception  PDU  

CtlCmd   Con trol  command  for  cycl i c  transm ission  

CtlType  Control  i n formation  wi th i n  PDU  

Cycl i cData  ,  Data  Data  of cycl i c  transfer memory 

DataLength  Length  of Data  

Dfn    Data  fi e l d  n umber 

DstDfn  Desti nati on  data  fi e l d  n umber 

DstMgn  Desti nati on  mu l ti cast  g roup  number 

FragmentedPduList   L i st  of PDU  fragmenti ng  data  

I n fo   I n formation  of confi gu ri ng  cycl i c  transfer memory 

NodeMode  Operation  mode  of a  node  (On l i ne-mode/ Test-mode)  

Offset-address    Offset-address  from  a  top  add ress  of area  

S ize    Leng th  of Cycl i cData  

Pri  transm ission  pri ori ty  

TargetDfn   Target data  fi e l d  number 

TargetMgn   Target mu l ti cast  g roup  number 

Tcd   Transacti on  code  

Tm id   I denti fi er of cycl i c  transfer memory 

targetPDU   Transm i tti ng  PDU  to  network  

 

8. 2. 4  Acycl i c  tran smi ssion  con trol  

8. 2. 4.1  Pri mi tive  d efin i ti on s  

The FSPM  issues  Transm i t_acycl icdata1 . req ,  Transm it_acycl icdata2. req  and  Ctl_acycl ic. req  
to  the  Acycl ic transm ission  control .  The  Acycl ic transm ission  control  i ssues  
Transm i t_acycl icdata1 . ind ,  transm i t_acycl icdata2. i nd  to  the  FSPM.  
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Figu re 20  – Pri mitives  of acycl i c  tran sm i ssi on  con trol   

8. 2. 4.2  Acycl ic  tran smi ssi on  con trol  state  tabl e  

Detai ls  of Acycl ic transm ission  con trol  state  mach ine  are  shown  in  Table  61 .  
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Table  61  – Acycl i c  tran sm issi on  con trol  state  tabl e   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext s tate  

1  Any state  I n i ti a l  

=>  

Create_Acycl i c_Control_I nformation  (  Dfn  ,  I n fo  )  

READY 

2  READY Ctl_acycl i c. req  {TargetDfn  ,  CtlCmd  }  

/  (CtlCmd  ==  ACTIVATE)   &&  

(Check_Aycl i cEnvi ronment  ==  True  )  

=>  

Open_MCG_port  (TargetDfn )  

Open_TCP_connection  (TargetDfn)  

Set_Al l_ TargetNodeAl i veMode(TargetDfn ,  “Dead ”  )  

ACTIVE  

3  ACTIVE  Ctl_acycl i c. req  {TargetDfn  ,  CtlCmd  }  

/  (CtlCmd  ==  I NACTIVATE  )  &&  

(Check_Acycl i cEnvi ronment  ==  True  )  

=>  

Set_Al l_ TargetNodeAl i veMode(TargetDfn ,  “Dead ”  )  

READY 

4  ACTIVE  Transm i t_acycl i cdata1 . req  {  Ds tDfn  ,  DstMgn  ,  Tcd ,  Pri ,  CtlType  ,  
I nq -i d ,    Node- l i st  ,  Data  ,  DataLength }   

 /  CtlType  ==  MLT  

=>  

Create_ Mu l ti castData-PDU  (  DstDfn ,   DstMgn ,   Tcd ,  Pri ,   
CtlType,  Data,   DataLength ,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

ACTIVE  

5  ACTIVE  Transm i t_acycl i cdata1 . req  {  Ds tDfn  ,  DstLnn  

 ,  Tcd ,  Pri ,  CtlType  ,  I nq - i d ,  Node- l i st  ,  Data,  DataLength  }    

 /  CtlType  ==  ONE   

=>  

Create_ PtoPData-PDU  (  DstDfn ,   DstLnn ,  Tcd ,   Pri ,   CtlType,  
Data,   DataLength ,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstLnn  

 ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

ACTIVE  

6  ACTIVE  Transm i t_acycl i cdata1 . req  {DstDfn  ,  DstLnn  ,  Tcd ,  Pri ,  CtlType  ,  
I nq -i d ,    Node- l i s t  ,  Data,  DataLength  }   

 /  CtlType  ==  I NQ &  ONE   

=>  

Create_ I nq -PDU  (  DstDfn ,   Ds tLnn ,  Tcd ,  Pri ,  ,  CtlType,  I nq -i d ,  
Data,  DataLength ,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstLnn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

7  ACTIVE  Transm i t_acycl i cdata1 . req  {  Ds tDfn  ,  DstMgn  ,  Tcd ,  Pri ,  CtlType  ,  
I nq -i d ,  Node-l i s t  ,  Data,  DataLength  }   

 /  CtlType  ==  I NQ & MLT  

=>  

Create_ I nq -PDU  (  DstDfn ,  DstMgn ,  Tcd ,  Pri ,  CtlType,  I n q - i d ,  
Data,   DataLength ,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

ACTIVE  

8  ACTIVE  Transm i t_acycl i cdata1 . req  {  Ds tDfn  ,  DstMgn  ,  Tcd ,  Pri ,  CtlType  ,  
I nq -i d ,  Node-l i s t  ,  Data,  DataLength  }  

   /  CtlType  ==  N IQ  

=>  

Create_ N inq -PDU  (  DstDfn ,   DstMgn ,  Tcd ,  Pri ,  Ctl Type,  I nq -i d ,   
Node-l i st  ,  Data,  DataLength ,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

WAIT_Repl y  

9  ACTIVE  Transm i t_acycl i cdata1 . req  {  Ds tDfn  ,  DstLnn  ,  Tcd ,  Pri ,  CtlType  ,  
I nq -i d ,  Node-l i s t  ,  Data  , DataLength  }  

 /  CtlType  ==  RPL  

=>  

Create_ Reply-PDU  (  DstDfn ,   DstLnn ,  Tcd ,  Pri ,  Ctl Type,  I nq -i d ,   
Node-l i st  ,  Data,  DataLength ,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstLnn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

ACTIVE  

1 0  ACTIVE  Transm i t_acycl i cdata2. req  {   DstDfn  ,  DstMgn  ,  Al i veMode,  Task-
i n fo1 ,  Task-i n fo2  }    

/  NodeIPversion  ==  I Pv4  

=>  

NodeStatus  =  Al i veMode  

Create_ Al i vein fo  -PDU  (DstDfn  ,  DstMgn  ,  Al i veMode,  Task-
i n fo1 ,  Task-i n fo2,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

S tart_Timer(  Al i ve_send_i n terval_timer,  DstDfn  ,  DstMgn   )  

WAIT_Al i ve  

1 1  ACTIVE  

Transm i t_acycl i cdata2. req  {  DstDfn  ,  DstMgn  ,  Al i veMode,  Task-
i n fo1 ,  Task-i n fo2  }    

/  NodeIPversion  ==  I Pv6  

=>  

NodeStatus  =  Al i veMode  

Create_ Al i vein fo6  -PDU  (DstDfn  ,  DstMgn  ,  Al i veMode,  Task-
i n fo1 ,  Task-i n fo2,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

S tart_Timer(  Al i ve_send_i n terval_timer,  DstDfn  ,  DstMgn   )  

WAIT_Al i ve  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 2  WAIT_Al i ve  /  Expi re_Timer(  Al i ve_send_in terval _timer,   DstDfn  ,  DstMgn  ,  
Al i veMode,  Task-i n fo1 ,  Task-i n fo2,  )   &&  

NodeIPversion   ==  I Pv4  

=>  

Create_ Al i vein fo  -PDU  (DstDfn  ,  DstMgn  ,  Al i veMode,  Task-
i n fo1 ,  Task-i n fo2,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

S tart_Timer(  Al i ve_send_i n terval_timer,  DstDfn  ,  DstMgn   )  

WAIT_Al i ve  

1 3  WAIT_Al i ve  /  Expi re_Timer(  Al i ve_send_in terval_timer,   DstDfn  ,  DstMgn  ,  
Al i veMode,  Task-i n fo1 ,  Task-i n fo2,  )   &&  

NodeIPversion  ==  I Pv6  

=>  

Create_ Al i vein fo6  -PDU  (DstDfn  ,  DstMgn  ,  Al i veMode,  Task-
i n fo1 ,  Task-i n fo2,  FragmentedPduList  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

Wh i l e  (  targetPDU  ! =  Nu l l  )  {  

Send_acycl i cdata. req (  DstDfn  ,  DstMgn  ,  targetPDU  )  

targetPDU  =  RetrieveList(FragmentedPduList)  

}  

S tart_Timer(  Al i ve_send_i n terval_timer,  DstDfn  ,  DstMgn    

WAIT_Al i ve  

1 4  ACTIVE  

 

/  Expi re_Timer(  Al i ve_mon i tor_in terva l_timer ,  TargetDfn ,  
TargetNode)    

=>  

Mon i torCounter =  Mon i torCoun ter – 1   

I F  (Mon i torCounter =  0  )  

THEN  

    /*  dead   * /  

    TargetNodeAl i veMode  =  “Dead”   

Change_LAN(primaryLAN )  

Transm i t_acycl i cdata2. i nd (TargetDfn ,  TargetNode,  ,   
TargetNodeAl i veMode  )  

ACTIVE  

 

1 5  ACTIVE  Send_acycl i cdata. i nd{  DstDfn ,  DstMgn ,  PDUdata  }  

 /   

 (hd_tcd  ! =  Al i ve_TCD)  && (   h d_m_ctl  ! =  ONE  )  

=>  

/*  Assembly  process ing  */  

Assembly_a_Processing（PDUdata,  Cdata,  CdataLength ,  

D iagnosis ,  ErrorTransacti onCode  ）  

I F  (D iagnosis  ==  OK_1 )  | |   (D iagnos is  ==  NG)  

THEN  {  

Message_SEQ_Control  (PDUdata,  resu l t-m )  

I F  (resu l t-m  ==  1 )       /*  normal  message  reception  */  

THEN  {  

Set_Transaction (ErrorTransactionCode)  

I F(   hd_m_ctl    ==  N IQ)  

THEN  

  Transm i t_acycl i cdata1 . i nd {  h d_da.Dfn ,  h d_da.Mgn ,  hd_tcd ,  
hd_pri ,  h d_m_ctl ,  hd_ i nq i d ,  node- l i st,  Cdata  +  NodeListS ize,  

CdataLength  –  NodeListS ize  }  

ELSE   

Transm i t_acycl i cdata1 . i nd {  hd_da.Dfn ,  hd_da.Mgn ,  hd_tcd ,  
hd_pri ,  h d_m_ctl ,  hd_ i nq i d ,  ,  Cdata,  CdataLength  }  

    }  

}  

ELSE  I F  (D iagnosis  ==  OK_2)  

(Nop)  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 6  WAIT_Repl y Send_acycl i cdata. i nd{  DstDfn ,  DstLnn ,  PDUdata  }  

/   

(hd_tcd  ! =  Al i ve_TCD)  && (   hd_m_ctl  ==  ONE)  

=>  

/*  Assembly  process ing  */  

Assembly_a_Processi ng（  PDUdata,  Cdata,  CdataLength ,  

D iagnosis ,  ErrorTransactionCode  ）  

I F  (Diagnos is  ==  OK_1 )  | |   (D iagnos is  ==  NG)  

THEN    {  

Message_SEQ_Control  (PDUdata,  resu l t-m )  

I F  (resu l t-m  ==  1 )      /*  normal  message  recepti on  */  

THEN  {  

Set_Transaction (ErrorTransactionCode)  

Transm i t_acycl i cdata1 . i nd {  hd_da.Dfn ,  hd_da. Lnn ,  h d_tcd ,  
hd_pri ,  h d_m_ctl ,  hd_ i nq i d ,  ,  Cdata,  CdataLength  }  

}  

         }  

ACTIVE  

1 7  ACTIVE  Send_acycl i cdata. i nd  {  DstDfn ,  DstMgn ,  PDUdata  }  

/  

 (  hd_tcd  ==  Al i ve_TCD)  && (al -mode  ==  Al i ve  )  

=>  

 /*  Assembly  process ing  */  

Assembly_a_Processing（  PDUdata,  Cdata,  CdataLength ,  

D iagnos is ,  ErrorTransactionCode  ）  

I F  (D iagnosis  ==  OK_1 )  | |   (D iagnosis  ==  NG)  

THEN  {  

Message_SEQ_Control  (PDUdata,  resu l t-m )  

I F  (resu l t-m  ==  1 )      /*  normal  message  recepti on  */  

THEN  {  

Update_Al i veI nfo  (Cdata,  NodeAl i veI n fo)  

 Update_Extens i on I nfo(Cdata,   NodeExtension I nfo)  

node  =  hd_sa. Lnn  

Dfn  =  hd_sa.Dfn  

Mon i torCounter =  MaxMon i torCounter 

I F    (  TargetNodeAl i veMode   ! =  “Al i ve”  )  {  

TargetNodeAl i veMode   =  “Al i ve”  

   S tart_Timer(  Al i ve_mon i tor_i n terval_timer,  Dfn ,  node  )  

Transm i t_acycl i cdata2. i nd  (  hd_da. Dfn ,  hd_da.Mgn  ,  a l -mode  )  

}  

}  

ELSE  I F  (D iagnosis  ==  OK_2)  

(Nop)  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next s tate  

1 8  ACTIVE  Send_acycl i cdata. i nd  {  DstDfn ,  DstMgn ,  PDUdata  }  

/  

(  hd_tcd  ==  Al i ve_TCD)   && (  a l -mode   ==  Shu tdown  )  

=>  

/*  Assembly  process ing  */  

Assembly_a_Processing（  PDUdata,  Cdata,  CdataLength ,  

D iagnosis ,  ErrorTransactionCode  ）  

I F  (Diagnos is  ==  OK_1 )  | |   (D iagnosis  ==  NG)  

THEN  {  

Message_SEQ_Control  (PDUdata,  resu l t-m )  

I F  (resu l t-m  ==  1 )      /*  normal  message  recepti on  */  

THEN  {  

Update_Al i veI n fo  (Cdata,  N odeAl i veI nfo)  

 Update_Extensi on I nfo(Cdata,   NodeExtension I nfo)  

node  =  hd_sa. Lnn   

Dfn  =  h d_sa.Dfn  

TargetNodeAl i veMode   =  “Shutdown”  

Stop_Timer(  Al i ve_mon i tor_i n terval_timer,  Dfn ,  node  )  

Transm i t_acycl i cdata2. i nd  (  hd_da. Dfn ,  hd_da.Mgn  ,  a l -mode  )  

}  

}  

ACTIVE  

1 9  ACTIVE  Send_acycl i cdata. i nd  {  DstDfn ,  DstMgn ,  PDUdata  }  

/  

(  hd_tcd  ==  Al i ve_TCD)   &&  

(  a l -mode   ==  Mai n tenance  )  

=>  

/*  Assembly  process ing  */  

Assembly_a_Processing（  PDUdata,  Cdata,  CdataLength ,  

D iagnosis ,  ErrorTransactionCode  ）  

I F  (Diagnos is  ==  OK_1 )  | |  (D iagnosis  ==  NG)  

THEN{  

Message_SEQ_Control  (PDUdata,  resu l t-m )  

I F  (resu l t-m  ==  1 )      /*  normal  message  recepti on  */  

THEN  {  

Update_Al i veI n fo  (Cdata,  NodeAl i veI nfo)  

 Update_Extensi on I nfo(Cdata,  NodeExtens ion I n fo)  

node  =  hd_sa. Lnn   

Dfn  =  h d_sa.Dfn  

TargetNodeAl i veMode  =  “Main tenance”  

Stop_Timer(  Al i ve_mon i tor_i n terval_timer,  Dfn ,  node  )  

Transm i t_acycl i cdata2. i nd  (  hd_da. Dfn ,  hd_da.Mgn  ,  a l -mode  )  

}  

}  

ACTIVE  

20  ACTIVE  Transm i t_acycl i cdata1 . req  {  Ds tDfn  ,  DstMgn  ,  Tcd ,   Pri ,  
CtlType  ,  I nq -i d ,  Node-l i s t  ,  Data  ,  DataLength  }  

 /  NodeMode  ==  Test-mode  

=>  

(Nop)  

ACTIVE  

 

8.2.4.3  Functions  

Al l  the  functions  used  by the  Acycl ic transm iss ion  con trol  are  summarized  i n  Table  62 .  
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Table  62  – Acycl i c  tran sm i ssi on  con trol  fu n cti on s  

Fu n cti on  n am e  I n pu t  Ou tpu t Des cri pti on  

Assembly_a_Processing  PDUdata  Cdata,  
CdataLength ,  

D iagnosis ,  
ErrorTransactio
nCode  

Th is  function  reassembles  the  recei ved  
fragmentati on  packets  (PDUdata).  

After completi ng  a  reassembl i ng  processing ,  a  
reassembled  data  i s  set  to  a  Cdata.  

Here,  a  fa lAr-Header i s  removed  from  a  Cdata.  

(s1 )  I f a  recei ved  packet (PDUdata)  i s  not  a  
fragmented  packet,  fi n i sh  a  processing .  →(s  6)  

(s2)  I f a  recei ved  packet i s  a  top  packet  of a  
fragmented  packet,  reg i ster the  packet.  S tart  a  
moni tori ng  timer of reassembl i ng .  →(s  7 )  

(s3)  I f a  recei ved  packet i s  not  a  top  packet of a  
fragmented  packet,  reg i ster the  packet  and  
execute  a  reassembl i ng  processing .  →(s  4)  

(s4)  I f a  reassembl i ng  process ing  completed ,  s top  
a  mon i tori ng  timer of reassembl i ng .  →(s  6) I f a  
reassembl i ng  processing  d i d  not  complete  yet,  
conti nue  an  ongoing    processing  state.→(s  7 )  

(s5)  I f a  reassembl i ng  process ing  d i d  not  
complete  wi th i n  a  mon i tori ng  time  of 
reassembl i ng ,  d i scard  a l l  packets  reg i stered  i n  a  
reassembl i ng  queue  and  return  an  uncompleted  
error.  →(s8)  

(s6)  Retu rn  the  i n formation  bel ow.  

Cdata  =  Reassembl i ng  completed  data  

Cdata  Length  =  Length  of Cdata  

D iagnosis  =  OK_1  (Completed )  

ErrorTransactionCode  =  Completed  

(s7)  Retu rn  the  i n formati on  bel ow.  

D iagnosis  =  OK_2  (Conti nu i ng  reassembl i ng)  

(s8)  Retu rn  the  i n formation  bel ow.  

Cdata  =Current  reassembl i ng  data  

Cdata  Length  =  Length  of Cdata  

Diagnosis  =  NG  

ErrorTransactionCode  =  Not  completed  

Change_LAN(primaryLAN)    Th i s  function  changes  a  primary LAN  connecti ng  
to  a  target node  i n  duplex LANs  envi ronment.  

(secondary LAN  → primary LAN ,  

primary LAN  → secondary LAN )  

Check_Aycl i cEnvi ronment  -  True  /  Fa l se  Th i s  function  checks  the  effecti veness  of acycl i c  
commun ication  envi ronment.  

Enabl ed :  True     ,  D i sab led :  Fa l se  

Create_ Al i vein fo  -PDU   DstDfn  ,  
DstMgn  ,  
Al i veMode,  
Task-i n fo1 ,  
Task-i n fo2  

FragmentedPdu
List  

Th i s  function  creates  an  Al i vei n fo-PDU  from  a  
speci fi ed  message  (Data).  Here,  i t  sets  a  s tate  of 
message  mode  correspond ing  to  operati on  mode  
of the  node  (NodeMode)  i n to  hd_mode  fi e l d .  

After process ing  a  fragmentati on  accord ing  to  
5. 3. 2 . 1 6,  i t  reg i sters  a  fragmen ted  PDU  i n to  a  l i s t  
of FragmentedPduList.  
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Function  name  Input  Output Description  

Create_ Al i vein fo6  -PDU   DstDfn  ,  
DstMgn  ,  
Al i veMode,  
Task-i n fo1 ,  
Task-i n fo2  

FragmentedPdu
List  

Th i s  function  creates  an  Al i vei n fo6-PDU  from  a  
speci fi ed  message  (Data).  Here,  i t  sets  a  s tate  of 
message  mode  correspond ing  to  operati on  mode  
of the  node  (NodeMode)  i n to  hd_mode  fi e l d .  

After process ing  a  fragmentati on  accord ing  to  
5. 3. 2 . 1 6,  i t  reg i sters  a  fragmen ted  PDU  i n to  a  l i s t  
of FragmentedPduList.  

Create_ I nq -PDU  DstDfn ,   
DstMgn(DstLnn )
,  Tcd ,   Pri ,   
CtlType,  I nq -i d ,  
Data,   
DataLength  

FragmentedPdu
List  

Th i s  function  creates  an  I nq -PDU  from  a  speci fi ed  
message  (Data).  H ere,  i t  sets  a  s tate  of message  
mode  correspond ing  to  operati on  mode  of the  
node  (NodeMode)  i n to  hd_mode  fi e l d .  

After process ing  a  fragmentati on  accord ing  to  
5. 3. 2 . 1 6  i t  reg i sters  a  fragmented  PDU  i n to  a  l i s t  
of FragmentedPduList.  

Create_ Mu l ti castData-PDU   DstDfn ,   
DstMgn ,  Tcd ,   
Pri ,   CtlType,  
Data,   
DataLength  

FragmentedPdu
List  

Th i s  function  creates  a  Mu l ti castData-PDU  from  a  
speci fi ed  message  (Data).  Here,  i t  sets  a  s tate  of 
message  mode  correspond ing  to  operati on  mode  
of the  node  (NodeMode)  i n to  hd_mode  fi e l d .  

After process ing  a  fragmentati on  accord ing  to  
5. 3. 2 . 1 6,  i t  reg i sters  a  fragmen ted  PDU  i n to  a  l i s t  
of FragmentedPduList.  

Create_ N inq -PDU   DstDfn ,   
DstMgn ,  Tcd ,   
Pri ,    CtlType,  
I nq -i d ,   Node-
l i st  ,   Data,   
DataLength  

FragmentedPdu
List  

Th i s  function  creates  a  N inq-PDU  from  a  speci fi ed  
message  (Data).  Here,  i t  sets  a  s tate  of message  
mode  correspond ing  to  operati on  mode  of the  
node  (NodeMode)  i n to  hd_mode  fi e l d .  

After processing  a  fragmentati on  accord ing  to  
5 . 3 . 2 . 1 6,  i t  reg i sters  a  fragmen ted  PDU  i n to  a  l i s t  
of FragmentedPduList.  

Create_ PtoPData-PDU  DstDfn ,   
DstLnn ,  Tcd ,   
Pri ,    CtlType,  
Data,   
DataLength  

FragmentedPdu
List  

Th i s  function  creates  a  PtoPData-PDU  from  a  
speci fi ed  message  (Data).  Here,  i t  sets  a  s tate  of 
message  mode  correspond ing  to  operati on  mode  
of the  node  (NodeMode)  i n to  hd_mode  fi e l d .  

After processing  a  fragmentati on  accord ing  to  
5 . 3 . 2 . 1 6,  i t  reg i sters  a  fragmen ted  PDU  i n to  a  l i s t  
of FragmentedPduList.  

Create_ Reply-PDU   DstDfn ,   
DstLnn ,  Tcd ,   
Pri ,    CtlType,  
I nq -i d ,   Node-
l i st  ,   Data,   
DataLength  

FragmentedPdu
List  

Th i s  function  creates  a  Repl y-PDU  from  a  
speci fi ed  message  (Data).  Here,  i t  sets  a  s tate  of 
message  mode  correspond ing  to  operati on  mode  
of the  node  (NodeMode)  i n to  hd_mode  fi e l d .  

After processing  a  fragmentati on  accord ing  to  
5 . 3 . 2 . 1 6,  i t  reg i sters  a  fragmen ted  PDU  i n to  a  l i s t  
of FragmentedPduList.  

Create_Acycl i c_Control_I nfor
mation   

Dfn  ,   

I n fo   

Acycl i cEnvi ron
ment 

Th i s  function  i n i ti a l i zes  management  i n formation  
of a  speci fi ed  data  fi e l d  (Dfn ).  

Expi re_Timer  -  Al i ve_send_in te
rval_timer,   
DstDfn  ,  
DstMgn  ,  
Al i veMode,  
Task-i n fo1 ,  
Task-i n fo2,  

Th i s  function  retu rns  True  when  
Al i ve_send_in terval _timer correspond ing  to  both  a  
TargetDfn  and  a  DstDfn  has  expi red .  

Expi re_Timer -  Al i ve_mon i tor_i
n terval_timer ,  
TargetDfn ,  
TargetNode  

Th is  function  retu rns  True  when  
Al i ve_mon i tor_in terval _timer correspond i ng  to  
both  a  TargetDfn  and  a  TargetNode  has  exp i red .  
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Fu n cti on  n am e  I n pu t  Ou tpu t Des cri pti on  

Message_SEQ_Control  PDU  resu l t-m  Th is  function  compares  a  R_V_SEQ wi th  R_SEQ 
by us i ng  the  i n formation  of h d_sa,  hd_m_ctl ,  
hd_v_seq ,  and  hd -seq .  A R_V_SEQ and  a  R_SEQ 
are  updated  accord ing  to  the  resu l t  of compari son ,  
(Ref.  5. 3 . 2 . 6)  

I n  the  case  of d etecti ng  dup l i cated  message  or 
l ost  messages,  a  received  message  i s  d i scarded .  

– resu l t-m  =  1  (normal  message  recepti on )  

– resu l t-m  =  2  (dup l i cate  message  reception )  

– resu l t-m  =  3  ( l ost  messages  detection )  

Open_MCG_port  Dfn  -  Th i s  function  enables  mu l ti cast  commun ication  
ports  belong i ng  to  a  speci fi ed  Dfn  to  
commun icate.  Here,  i t  i n i ti a l i zes  a  message  
sequence  number correspond i ng  to  each  mu l ti cast  
g roup.  (S_V_SEQ =  the  cu rren t date  and  time,   
S_SEQ =0,    R_V_SEQ =  0 ,   R_SEQ =  0)  

Open_TCP_connection  Dfn  -  Th i s  function  establ i shes  a  TCP  connection  
between  nodes  bel ong ing  to  a  speci fi ed  Dfn ,  
enabl i ng  nodes  to  commun icate.  

Here,  i t  i n i ti a l i zes  a  message  sequence  number 
correspond ing  to  each  TCP  connection .  

(S_V_SEQ =  the  cu rren t d ate  and  t ime  S_PSEQ 
=0,   R_V_SEQ =  0 ,  R_PSEQ =  0)  

Retri eveList  FragmentedPdu
List  

targetPDU   Th i s  function  extracts  a  fragmented  PDU  i n  
reg i stration  order from  a  l i s t  of 
FragmentedPduList,  and  sets  i t  to  a  targetPDU.  

I n  the  case  of detecti ng  no  PDU  to  extract,  i t  sets   
Nu l l  i n to  a  TargetPDU  

Set_Al l_ 
TargetNodeAl i veMode  

TargetDfn ,  

“Dead ”   

TargetNodeAl i v
eMode  

Th is  function  sets  the  dead-state  i n to  state  of a l l  
nodes  (TargetNodeAl i veMode)  belong i ng  a  
speci fi ed  data  fi e l d .  

Set_Transaction  ErrorTransactio
nCode  

-  Th i s  function  sets  transaction  i n formation .  

S tart_Timer Al i ve_send_in te
rval_timer,  
DstDfn  ,  
DstMgn    

-  Th i s  function  s tarts  an  Al i ve_send_in terval _timer 
wh ich  i s  used  to  send  an  a l i ve-message  
correspond ing  to  both  a  DstDfn  and  a  DstMgn .  

S tart_Timer Al i ve_mon i tor_i
n terval_timer,  
Dfn ,  

node   

-  Th i s  function  s tarts  an  
Al i ve_mon i tor_in terval _timer wh ich  i s  used  to  
mon i tor a  recepti on  of an  a l i ve-message  
correspond ing  to  a  mon i tored  node  (Dfn ,  node)  

S top_Timer Al i ve_mon i tor_i
n terval_timer,  
Dfn ,  

node  

-  Th i s  function  s tops  an  
Al i ve_mon i tor_in terval _timer wh ich  i s  used  to  
mon i tor a  recepti on  of an  a l i ve-message  
correspond ing  to  a  mon i tored  node  (Dfn ,  node)  

Update_Al i veI n fo   Cdata  NodeAl i veI n fo  Th i s  function  updates  the  a l i ve-i n formation  wh ich  
corresponds  to  the  mon i tored  node  
(NodeAl i veI n fo)  by us ing  an  a l i ve-i n formation  
(Al i veI nfo)  wi th i n  a  Cdata.  

Update_Extens ion I n fo  Cdata  NodeExtension I
n fo  

Th i s  function  updates  the  extension -i n formation  
wh ich  corresponds  to  the  mon i tored  node  
(NodeExtensi on I n fo)  by us i ng  an  extensi on -
i n formation  (NodeExtension I nfo)  wi th i n  a  Cdata.  

 

8. 2. 4. 4  Vari abl es  

Al l  the  variables  used  by the  Acycl ic transm ission  con trol  are  summarized  i n  Table  63.  
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Table  63  – Acycl i c  tran sm i ssi on  con trol  vari abl es   

N am e  Des cri pti on  

Al iveMode   Mode  of an  a l i ve-message  (Al i ve 、 S h u td own 、 M a i n te n a 

Al i ve_TCD  TCD  of an  a l i ve-message  

Al i ve_mon i tor_in terval_timer  Mon i tori ng  t imer for a  a l i ve-message  

Al i ve_send_in terval_timer I n terval  t imer of send ing  an  a l i ve-message  

Cdata  Data  wh ich  i s  reassembled  from  a  received  PDU  

CdataLength   Length  of Cdata  

CtlCmd   Con trol  command  of an  acycl i c  commun ication .   (ACTIVATE  /  I NACTIVATE)  

CtlType   Type  of a  packet  

Data   Message  data  

DataLength   Length  of Data  

Dfn   Data  fi e l d  n umber 

Diagnosis ,  D iagnos is  of the  function .  (OK 、 N G 、 O K _ 1 ,  O K _ 2 ) 

DstDfn  Desti nati on  data  fi e l d  n umber 

DstMgn  Desti nati on  mu l ti cast  g roup  number 

ErrorTransactionCode  Error transaction  code  

FragmentedPduList  Li st  of PDUs   created   by fragmenti ng  a  message  

I nq -i d  I denti fi er of an  i n qu i ry message  

MaxMon i torCounter Mon i tori ng  counter of recei vi ng  for an  a l i ve-message  (  i n i ti a l  val ue)  

Mon i torCounter Mon i tori ng  coun ter of recei vi ng  for an  a l i ve-message  

Node-l i s t  L i st  of the  nodes  wh ich  are  requested   to  rep ly i n  an  i nqu i ry/ response  
commun ication  

NodeAl i veI nfo  Al i ve-i n formation  of the  target node  

NodeExtension I nfo  Al i ve-extended  i n formation  of the  target node  

NodeIPversion  I P  address  vers ion  of the  target node  

NodeListS ize  S ize  of a  NodeList  

NodeMode  Operation  mode  of a  node.   (On l i ne-mode,  Test-mode)  

NodeStatus   S tate  of own  node  (State:  Al i ve  or Shutdown  or Main tenance)  

Pri  Message  priori ty  

TCD  Transacti on  code  

TargetDfn  Data  fi e l d  n umber of a  target  node  

TargetNode  Node  number of a  target  node  

TargetNodeAl i veMode   S tate  of a  target  n ode  (State:  Al i ve  or Shutdown  or Mai n tenance)  

Task-i n fo1  I n formation  of a  task  ( type1 )  

Task-i n fo2   I n formation  of a  task  ( type2)  

hd_da.Dfn  Source  data  fi e l d  n umber wh ich  i s  set  i n  PDU  

hd_da.Mgn  Source  mu l ti cast  g roup  number wh ich  i s  set  i n  PDU  

hd_sa. Dfn  Source  data  fi e l d  n umber wh ich  i s  set  i n  PDU  

hd_sa. Lnn  Source  node  number wh ich  i s  set  i n  PDU  

node  node  number 

primaryLAN  Primary LAN  i n  d upl exed  commun ication  paths  system  

resu l t-m  Resu l t  of a  fu nction  

targetPDU  Send i ng  node              
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8. 2. 5  RT commu n i cation  con trol  

8. 2. 5.1  RT commu n i cation  con trol  state  tabl e  

Table  64  shows  the  s tate  tab le  of the  RT communication  con trol .   

Table  64  – RT com mu n i cation  con trol  state  tabl e   

# Cu rren t  
state  

Even t  
/con d i ti on  
=>  acti on s  

N ext 
state  

1  ACTIVE  Send_cycl i cdata. req{  DstDfn ,  DstMgn ,  PDUdata  }   

/  Dupl i cateLAN_Topol ogy (DstDfn ,DstMgn )  ==  True   

/*   Dupl i cate  LAN  ,  Cycl i c  Commun ication  */  

=>  

Priori ty_Queing_control (DstDfn ,  DstMgn ,  PDUdata,  trans-mode  )  

Get_transport_identi fi er(DstDfn ,  DstMgn ,  transport_IDs-1 ,  transport_IDs-2  )  

Transport_wri te_data  (  transport_IDs-1  ,  PDUdata)  

Transport_wri te_data  (  transport_IDs-2  ,  PDUdaat)   

ACTIVE  

2  ACTIVE  Send_cycl i cdata. req {  DstDfn ,  DstMgn ,  PDUdata  }  

/  Dupl i cateLAN_Topol ogy (DstDfn ,DstMgn )  ==  Fal se  

/*   S i ng le  LAN  ,  Cycl i c  Commun ication  */  

=>  

Priori ty_Queing_control (DstDfn ,  DstMgn ,  PDUdata,  trans-mode  )  

Get_transport_identi fi er(DstDfn ,  DstMgn ,  transport_IDs-1 ,  transport_IDs-2  )  

Transport_wri te_data  (  transport_IDs-1  ,  PDUdata)  

ACTIVE  

3  ACTIVE  Send_acycl i cdata. req {  DstDfn ,  DstMgn ,  PDUdata  }   

/  Dupl i cateLAN_Topol ogy (DstDfn ,DstMgn )  ==  True   

&& 

Re-transm ission_control  (DstDfn ,DstMgn)  ==  True  

/*   Dupl i cate  LAN  ,  Acycl i c  &  Re-trans-mode  Commun ication  * /  

=>  

PDUdata. hd_pseq  =  Update_S_PSEQ(  DstDfn ,  DstMgn)  

Enque_Mu l ti cast_Retransm i t_Que(DstDfn , DstMgn ,  PDUdata)  

Priori ty_Queing_control (  DstDfn ,DstMgn ,  PDUdata,   trans-mode  )  

I F(  trans-mode  ==  immed iate  )  

THEN  

        Get_transport_i denti fi er(DstDfn ,DstMgn ,  transport_IDs-1 ,  transport_IDs-2  )  

Transport_wri te_data  (  transport_IDs-1  ,  PDUdata)  

Transport_wri te_data  (  transport_IDs-2  ,  PDUdata)  

ELSE  

Start_Timer(Rate_control _in terval ,  DstDfn ,DstMgn  )  

ACTIVE  

4  ACTIVE  Send_acycl i cdata. req {  DstDfn ,  DstMgn ,  PDUdata  }   

/  Dupl i cateLAN_Topol ogy (DstDfn ,  DstMgn )  ==  Fa l se   

&& 

Re-transm iss ion_control (  DstDfn ,  DstMgn  )  ==  True  

/*   S i ng le  LAN  ,  Acycl i c  &  Re-trans-mode  Commun ication  *  

=>  

PDUdata. hd_pseq  =  Update_S_PSEQ(  DstDfn ,  DstMgn  )  

Enque_Mu l ti cast_Retransm i t_Que(  DstDfn ,  DstMgn ,  PDUdata  )  

Priori ty_Queing_control (  DstDfn ,DstMgn ,  PDUdata,  trans-mode  )  

I F(  trans-mode  ==  immed iate  )  

THEN  

        Get_transport_i den ti fi er (DstDfn ,  DstMgn ,  transport_I Ds-1 ,  transport_I Ds-2  )  

Transport_wri te_data(  transport_IDs-1  ,  PDUdata)  

ELSE  

Start_Timer(  Rate_control _in terval ,  DstDfn ,  DstMgn)  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next 
state  

5  ACTIVE  Send_acycl i cdata. req {  DstDfn ,  DstMgn ,  PDUdata  }   

/  Dupl i cateLAN_Topol ogy(  DstDfn ,  DstMgn  )  ==  True   

&& 

Re-transm ission_control (  DstDfn ,  DstMgn)  ==  Fal se  

/*   Dupl i cate  LAN  ,  Acycl i c  &  No-Re-trans-mode  &  Mu l ti cast  Commun ication  */  

=>  

Priori ty_Queing_control (  DstDfn ,DstMgn ,  PDUdata,  trans -mode  )  

I F(  trans-mode  ==  immed iate  )  

THEN  

        Get_transport_i denti fi er(  DstDfn ,  DstMgn ,  transport_I Ds-1 ,  transport_I Ds-2  )  

Transport_wri te_data(  transport_IDs-1  ,  PDUdata)  

Transport_wri te_data(  transport_IDs-2  ,  PDUdata)  

ELSE  

Start_Timer(  Rate_control _in terval ,  DstDfn , DstMgn)  

ACTIVE  

6  ACTIVE  Send_acycl i cdata. req {  DstDfn ,  DstLnn ,  PDUdata  }   

/  Dupl i cateLAN_Topol ogy(  DstDfn ,  DstLnn)  ==  True   

/*   Dupl i cate  LAN  ,  Acycl i c  &  No-Re-trans-mode  &  PtoP  Commun ication  */  

=>  

PDUdata. hd_pseq  =  Update_S_PSEQ(  DstDfn ,  DstLnn )  

Enque_PtoP_Retransm i t_Que(DstDfn ,DstLnn ,  PDUdata)  

Priori ty_Queing_control (  DstDfn ,  DstLnn ,  PDUdata,  trans-mode  )  

I F(  trans-mode  ==  immed iate  )  

THEN  

        Get_transport_i denti fi er(  DstDfn ,  DstLnn ,  transport_IDs-1 ,  transport_IDs-2  )  

Transport_wri te_data(  transport_IDs-1  ,  PDUdata)  

ELSE  

Start_Timer(  Rate_control_in terval ,  DstDfn ,  DstMgn)  

ACTIVE  

7  ACTIVE  Send_acycl i cdata. req {  DstDfn ,  DstMgn ,  PDUdata  }   

/  Dupl i cateLAN_Topol ogy(  DstDfn ,  DstMgn )  ==  Fa l se  

&& 

Re-transm iss ion_control  (  DstDfn ,  DstMgn )  ==  Fa l se  

/*   S i ng le  LAN  ,  Acycl i c  &  No-Re-trans-mode  Commun ication  * /  

=>  

Priori ty_Queing_control (  DstDfn ,DstMgn ,  PDUdata,  trans -mode  )  

I F(  trans-mode  ==  immed iate  )  

THEN  

        Get_transport_i denti fi er(  DstDfn ,  DstMgn ,  transport_I Ds-1 ,  transport_I Ds-2  )  

Transport_wri te_data(  transport_IDs-1  ,  PDUdata)  

ELSE  

Start_Timer(  Rate_control_in terval ,  DstDfn ,  DstMgn)  

ACTIVE  

8  ACTIVE  Send_acycl i cdata. req {  DstDfn ,  DstLnn ,  PDUdata  }   

/  Dupl i cateLAN_Topol ogy(  DstDfn ,  DstLnn)  ==  Fal se  

/*   S i ng le  LAN  ,  Acycl i c  &  No-Re-trans-mode  &  PtoP  Commun ication  */  

=>  

Priori ty_Queing_control (  DstDfn ,DstLnn ,  PDUdata,  trans-mode  )  

I F(  trans-mode  ==  immed iate  )  

THEN  

        Get_transport_i denti fi er(  DstDfn ,  DstLnn ,  transport_IDs-1 ,  transport_IDs-2  )  

Transport_wri te_data(  transport_IDs-1  ,  PDUdata)  

ELSE  

Start_Timer(  Rate_control_in terval ,  DstDfn , DstLnn )  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next 
state  

9  ACTIVE  /  Expi re_Timer(  Rate_control_i n terval ,  DstDfn ,DstMgn )  

&&  

Dupl i cateLAN_Topol ogy(  DstDfn ,  DstMgn)  ==  True   

/*   Dupl i cate  LAN  ,  Mu l ti cast  Commun ication  */  

=>  

trans-PDU  =  Se lect_transaction (  DstDfn ,  DstMgn ,  transport_I Ds-1 ,  transport_I Ds-2,  
ACK_req_i den ti fi er)  

Wh i l e  (  trans-PDU  ! =  Nu l l  )  {  

Transport_wri te_data(  transport_IDs-1 ,  trans-PDU)  

Transport_wri te_data(  transport_IDs-2,  trans-PDU)  

trans-PDU  =  Se lect_transaction (  DstDfn ,  DstMgn ,  transport_I Ds-1 ,  transport_I Ds-2,  
ACK_req_i den ti fi er)  

}  

ACTIVE  

1 0  ACTIVE  /  Expi re_Timer(  Rate_contro l_i n terval ,  DstDfn ,  DstMgn )   

&&  

Dupl i cateLAN_Topol ogy(  DstDfn ,  DstMgn)  ==  Fal se  

/*   S i ng le  LAN  ,  Mu l ti cast  Commun ication  */  

=>  

trans-PDU  =  Select_transaction(  DstDfn ,  DstMgn ,  transport_I Ds-1 ,  transport_I Ds-2 ,  
ACK_req_i denti fi er)  

Wh i l e  (  trans-PDU  ! =  Nu l l  )  {  

Transport_wri te_data  (  transport_IDs-1  ,  trans-PDU)  

trans-PDU  =  Select_transaction(  DstDfn ,  DstMgn ,  transport_I Ds-1 ,  transport_I Ds-2 ,  
ACK_req_i denti fi er)  

}  

ACTIVE  

1 1  ACTIVE  /  Expi re_Timer(  Rate_contro l_i n terval ,  DstDfn ,  DstLnn)   

&& 

Dupl i cateLAN_Topol ogy(  DstDfn ,  DstLnn )  ==  True   

/*   Dupl i cate  LAN  ,  PtoP  Commun ication  */  

=>  

trans-PDU  =  Se lect_transaction (  DstDfn ,  DstLnn ,  transport_I Ds-1 ,  transport_I Ds-2,  
ACK_req_i denti fi er)  

Wh i l e  (  trans-PDU  ! =  Nu l l  )  {  

I F  (ACK_req_iden ti fi er ==  True)  

            trans-PDU. hd_pkind  =  1        /*  ACK. req  */  

Transport_wri te_data(  transport_IDs-1  ,  trans-PDU)  

trans-PDU  =  Se lect_transaction (  DstDfn ,  DstLnn ,  transport_I Ds-1 ,  transport_I Ds-2,  
ACK_req_i den ti fi er)  

}  

ACTIVE  

1 2  ACTIVE  /  Expi re_Timer(  Rate_contro l_i n terval ,  DstDfn ,  DstLnn)   

Dupl i cateLAN_Topol ogy(  DstDfn ,  DstMgn)  ==  Fal se   

/*   S i ng le  LAN  ,  PtoP  Commun ication  */  

=>  

trans-PDU  =  Se lect_transaction (  DstDfn ,  DstLnn ,  transport_I Ds-1 ,  transport_I Ds-2,  
ACK_req_i denti fi er)  

Wh i l e  (  trans-PDU  ! =  Nu l l  )  {  

I F  (ACK_req_iden ti fi er ==  True)  

            trans-PDU. hd_pkind  =  1        /*  ACK. req  */  

Transport_wri te_data  (  transport_IDs-1 ,  trans-PDU)  

trans-PDU  =  Se lect_transaction (  DstDfn ,  DstLnn ,  transport_I Ds-1 ,  transport_I Ds-2,  
ACK_req_i den ti fi er)  

}  

ACTIVE  

1 3  ACTIVE  /  Transport_read_data(  recei ve_cycl i c_port  ,  PDU )  ==  True   

=>  

Check_TestMessage(PDU ,  resu l t-mode)  

I F  (  resu l t-mode  ==  1 )     /*  effecti ve   message  */  

THEN  {  

Priori ty_QueingR_control (  hd_da.Dfn ,  hd_da.Mgn ,  PDU   )  

Send_cycl i cdata. i nd (  h d_da.  Dfn ,  hd_da.Mgn ,  PDU )  

}  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next 
state  

1 4  ACTIVE  /  Transport_read_data(  recei ve_acycl i c_port_for_Mu l ti castWi thRetrans  ,  PDU)  ==  
True   

&& 

(  hd_m_ctl  ==  MCR && hd_tcd  ==  Retrans-TCD )  

/*  Mu l ti castdata  wi th  retransm ission   * /  

=>  

Check_TestMessage  (PDU,  resu l t-mode)  

I F  (  resu l t-mode  ==  1 )   /*  effecti ve   message  */  

THEN  {  

Packet_SEQ_Control (  PDU,  resu l t-p)   

I F  (resu l t-p  ==  1 )  /*   normal  packet reception   * /  

THEN  {  

Priori ty_QueingR_control (  hd_da.Dfn ,  hd_da.Mgn ,  PDU  )  

Send_acycl i cdata. i nd (  hd_da. Dfn ,  hd_da.Mgn ,  PDU  )  

}  

ELSE  I F  (resu l t-p  ==  3)   /*  request   to  retransm ission  */  

THEN  {  

RequestPDU  ＝Crea te _ b _ R e tra n sE n q  –PDU(  PDU  )  

Get_transport_identi fi er(  RequestPDU . hd_da.Dfn ,  RequestPDU . hd_da.Mgn ,  
transport_IDs-1 ,  transport_IDs-2  )  

I F   ( transport_IDs-2  ! =  Fal se)  

THEN  

   Transport_wri te_data(  transport_I Ds-1  ,  RequestPDU)  

   Transport_wri te_data(  transport_I Ds-2  ,  RequestPDU)  

ELSE   

   Transport_wri te_data(  transport_I Ds-1  ,  RequestPDU)  

}  

ELSE  I F  (  resu l t-p  ==  4  )   /*  request to  d i s i connect  TCP  connection  */  

 C lose_TCP_connecti on  (PDU . hd_sa)  

}  

ACTIVE  

1 5  ACTIVE  /  Transport_read_data(  recei ve_acycl i c_port_for_Mu l ti castWi thRetransControl  ,  
PDU)  ==  True   

&& 

(  hd_m_ctl  ==  MCR   &&  hd_tcd  ==  Retrans-TCD )  

&& 

(PDU  ==  RetransEnq-PDU)  

/*   Re-transm ission  –request   PDU  */  

Check_TestMessage  (PDU,  resu l t-mode)  

I F  (  resu l t-mode  ==  1 )   /*  effecti ve   message  */  

THEN  {  

Produce_ RetransPduList(  PDU,  RetransPduList)  

  trans  =  Get_RetransPDU(  RetransPduList,  RetransPDU  )  

Wh i l e(  trans  )  {  

Get_transport_identi fi er(  RetransPDU. hd_da.  Dfn ,  RetransPDU. hd_da.  Mgn ,  tr 
ansport_IDs-1 ,  transport_I Ds-2  )  

I F   ( transport_IDs-2  ! =  Fal se)  

THEN  

   Transport_wri te_data(  transport_I Ds-1  ,  RetransPDU)  

   Transport_wri te_data(  transport_I Ds-2  ,  RetransPDU)  

ELSE   

   Transport_wri te_data  (  transport_IDs-1  ,  RetransPDU)  

trans  =  Get_RetransPDU (  RetransPduList,  RetransPDU  )  

}  

}  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next 
state  

1 6  ACTIVE  /  Transport_read_data(  recei ve_acycl i c_port_for_Mu l ti castWi thRetransControl  ,  
PDU)  ==  True   

&& 

(  hd_m_ctl  ==  MCR   &&  hd_tcd  ==  Retrans-TCD )  

&& 

(PDU  ==  RetransConfi rm-PDU )  

/*   Re-transm ission-Cofi rmationRequest  PDU  */  

RequestPDU  ＝ Create_a_RetransEnq–PDU(PDU)  

I F(RequestPDU   ! =  Nu l l  )  

{Get_transport_i denti fi er(  RequestPDU. hd_da.Dfn ,  RequestPD. hd_da.Mgn ,  
transport_IDs-1 ,  transport_IDs-2  )  

I F   (  transport_IDs-2  ! =  Fal se)  

THEN  

   Transport_wri te_data(  transport_I Ds-1  ,  RequestPDU)  

   Transport_wri te_data(  transport_I Ds-2  ,  RequestPDU)  

ELSE   

   Transport_wri te_data(  transport_I Ds-1  ,  RequestPDU)  

}  

ACTIVE  

1 7  ACTIVE  /  Transport_read_data(  recei ve_acycl i c_port_for_Mu l ti castWi thRetransContro l  ,  
PDU)  

 ==  True   

&& 

(  hd_m_ctl  ==  MCR   &&  hd_tcd  ==  Retrans-TCD )  

&& 

(PDU  ==  RetransNak-PDU)  

/*   Re-transm ission–NAK  PDU  */  

=>  

Check_TestMessage(  PDU ,  resu l t-mode  )  

I F  (  resu l t-mode  ==  1 )    /*  effecti ve   message  */  

THEN  {  

(Nop)  

ErrorTransaction(  LocalMatter )  

}  

ACTIVE  

1 8  ACTIVE  /  Transport_read_data(  recei ve_acycl i c_port_for_mu l ti cast  ,  PDU)  ==  True   

&& 

(  hd_m_ctl  ! =  MCR   &&  hd_tcd  ! =  Retrans-TCD )  

/*  No  Re-transm is ion  PDU  */  

=>  

Check_TestMessage(  PDU,  resu l t-mode)  

I F  (  resu l t-mode  ==  1 )   /*  effecti ve   message  */  

THEN  {  

Priori ty_QueingR_control (  hd_da.Dfn ,  hd_da.Mgn ,  PDU   )  

Send_acycl i cdata. i nd (  hd_da. Dfn ,  hd_da.Mgn ,  PDU   )  

}  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next 
state  

1 9  ACTIVE  /  Transport_read_data  (  recei ve_acycl i c_port_for_PtoP  ,  PDU )  ==  True  

 &&   

Dupl i cateLAN_Topol ogy(  hd_sa.Dfn ,  h d_sa. Lnn )  ==  True    

=>  

Check_TestMessage(  PDU,  resu l t-mode)  

I F  (  resu l t-mode  ==  1 )     /*  effecti ve   message  */  

THEN  {  

Packet_SEQ_Control  (  PDU ,  resu l t-p)   

I F  (  resu l t-p  ==  4)   /*  request to  d i sconnect  TCP  connection  * /  

 THEN  

           Cl ose_TCP_connection  (PDU. hd_sa)      

ELSE  I F(  resu l t-p  ==  1 )     /*   n ormal  packet  reception   * /   

THEN  {  

I F(  hd_pkind  ==  ACK. req )   

 /*  Recei ve   ACK. req (=1 )   packet from  a  primary LAN  */  

THEN  

{  

/*  Create  ACK_I n form_packet （PD U ）  */ 

AckI nformPDU  =  GetHeader(PDU)  

          AckI n formPDU.hd -sa  =  hd_da           

            AckI nformPDU. hd_da  =  hd_sa     

AckI n formPDU. hd_m l  =  64  

AckI nformPDU. hd_bsi ze  =64  

AckI nformPDU.hd_pki nd  =  2    /*  AckI nform  */ 

AckI n formPDU. hd_cbn  =1  

AckI nformPDU. hd_tbn  =  1     

/*  Send   ACK_I nform_packet */  

Primary_transport_IDs  =  Get_ transport_identi fi er(  AckI n formPDU.hd_da.Dfn ,  
AckI nformPDU. hd_da. Lnn ,  transport_I Ds-1 ,  transport_I Ds-2)  

Transport_wri te_data(  transport_IDs-1 ,  AckI n formPDU  )  

                 

 /*  Processing  recei ve-packet * /  

Send_acycl i cdata. i nd (  hd_da. Dfn ,  hd_da. Lnn ,  PDU   )  

}  

ELSE  I F(  hd_pkind  ==  ACK. in form)  

/*  Recei ve   ACK. i n form  (=2)  from  primary LAN)  */  

ACTIVE  

  THEN  

Dequeue_PtoP_Retransm i t_Que(  hd_sa.Dfn ,  h d_sa. Lnn ,  h d_pseq  )   

/*  Delete  a l l  acknowleged  packets  from  the  speci fi ed  PyoP_Retransm i t_Que  */  

ELSE  I F(  hd_pkind  ==  NoACK )  

 /*  Recei ve   N oACK (=0)  from  primary LAN )  */  

 THEN  

{  

/*  Processing  recei ve-packet */  

Send_acycl i cdata. i nd (  hd_da. Dfn ,  hd_da. Lnn ,  PDU   )  

}  

}  

 

20  ACTIVE  /  Transport_read_data  (  recei ve_acycl i c_port_for_PtoP  ,  PDU )  ==  True  

 &&   

Dupl i cateLAN_Topol ogy(  hd_sa.Dfn ,  h d_sa. Lnn  )  ==  Fal se    

/*  S i ng le  LAN  PtoP(TCP)  commun ication  */  

=>  

Check_TestMessage  (PDU,  resu l t-mode)  

I F  (  resu l t-mode  ==  1 )       /*  effecti ve   message  */  

/*  Processing  recei ve-packet  */  

Send_acycl i cdata. i nd (  hd_da. Dfn ,  hd_da. Lnn ,  PDU   )  

ACTIVE  
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# Current  
state  

Event  
/condi tion  
=>  actions  

Next 
state  

21  ACTIVE  /  Transport_error_detection(  transport_i denti fi er )  ==  True  

&& 

 Dupl i cateLAN_Topol ogy(  transport_identi fi er )  ==  True   

&& 

PtoP_Commun ication (  transport_iden ti fi er )  ==  True  

/*  Error detection ,  Dupl i cateLAN  and  PtoP(TCP)  commun ication  */  

=>  

Change_PrimaryLAN(  transport_identi fi er )  

Check_TestMessage(  PDU,  resu l t-mode)  

I F  (  resu l t-mode  ==  1 )     /*  effecti ve   message  */  

THEN  {  

NewPrimary_transport_I Ds  =  
Get_Primary_transport_identi fi er(  transport_iden ti fi er )  

 

/*  Retransm i t  a l l  PDUs   i n  PtoP_Retransm i t_Que  */  

Retrans  =Get_PDU(  transport_iden ti fi er,  PtoP_Retransm i t_Que,  RetransPDU  )  

wh i l e(Retrans==  True)  {  

Transport_wri te_data(  NewPrimary_transport_I Ds  ,  RetransPDU)  

   ｝  

}  

ACTIVE  

 

8.2.5.2  Functions  

Al l  functions  used  by the  RT commun ication  control  are  summarized  i n  Table  65.   
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Table  65  – RT com mu n i cation  con trol  fu n ction s  

N am e  I n pu t  Ou tpu t Des cri pti on  

Change_PrimaryLAN  transport_iden ti fi er -  Th i s  function  changes  a  primary LAN  wh ich  
i s  used  to  transm i t  packets  to  desti nati on  
node  speci fi ed  by transport_i denti fi er.  

Speci fi cal l y,  i t  changes  the  primary/ 
secondary s tate  of dupl i cated  LANs.  

(secondary LAN  → primary LAN ,  primary 
LAN  → secondary LAN)  

Cl ose_TCP_connection  PDU . hd_sa  -  Th i s  function  cl oses  TCP  connection  to  the  
node  speci fi ed  by PDU . hd_sa.  

Create_a_RetransEnq-
PDU  

PDU  RequestPDU  Th is  function  creates  a  RetransEnq-PDU  
from  i n formation  of speci fi ed  PDU  
(RetransConfi rm -PDU).  

I n  th i s  case,  i t  sets  a  message-mode  s tate  
correspond ing  to  an  operation-mode  state  
of node  (NodeMode)  i n to  an  hd_mode  fi e l d .  

For each  case  of a  combinati on  of a  
retransMcg  and  a  retransPseqNo wi th i n  a  
RetransConfi rm -PDU,  execu te  fol l owing  
s teps.  

(S tep1 )  

(a)I f the  node  has  a l ready rece ived  the  
PDU  havi ng  the  same sequence  number as  
retransPseqNo from  a  mu l ti cast  g roup  
(retransMcg ),  execute  step2.  

(b)I f the  node  has  not  recei ved  the  PDU  
having  the  same sequence  number as  
retransPseqNo from  a  mu l ti cast  g roup  
(retransMcg )  yet,  create  RetransEnq-PDU  
having  the  same  retransm ission  sequence  
number wi th  retransPseqNo.  I f a  
RetransEnq -PDU  has  been  a l ready 
created ,  set  the  add i ti ona l  i n formation  of 
combination  of a  retransMcg  and  a  
retransPseqNo i n to  a  RetransEnq-PDU.  Go  
to  step2.   

(Step2)  

Repeat  the  procedure  of s tep  1  for a l l  
cases.  When  these  a l l  procedu res  
completed ,  set  the  return  val ue  to  a  
RequestPDU.  

(a)  i n  the  case  of that  a  RetransEnq-PDU  
has  been  created .  

– RequestPDU  ＝  RetransEnq-PDU  

(b)  i n  the  case  of that  a  RetransEnq-PDU  
has  not  been  created .  

– RequestPDU  =  Nu l l  

Create_b_RetransEnq-
PDU  

PDU  RequestPDU  Th is  function  creates  a  RetransEnq-PDU  
from  i n formation  of a  speci fi ed  PDU  
(Mu l ti castData-PDU).  

I n  th i s  case,  set  a  va l ue  of (R_PSEQ +  1 )  
to  hd_pseq  fi e l d .  

Here,  i f a  val ue  of R_PSEQ equals  0xffffffff,  
set  1  to  to  hd_pseq  fi e l d .  

Set  RetransEnq -PDU  to  RequestPDU .  
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Name  Input  Output Description  

Check_TestMessage   

 

PDU  resu l t-mode  Th is  function  checks  the  effecti veness  of a  
message.  Speci fi cal l y,  i f a  message  mode  
()  wi th i n  a  receivi ng  PDU  i s  a  Test  mode,  
and  operati on  mode  of own  node  (Node  
mode)  i s  an  On l i ne  mode,  i t  d i scards  the  
PDU  and  returns  the  resu l t-mode  =  2 .  
Otherwise,  i t  retu rns  the  resu l t-mode  =  1 .  

– resu l t-mode   =1  (Val i d  message)  

– resu l t-mode  =  2  ( I nval i d  message)  

Dequeue_PtoP_Retrans
m i t_Que  

Dfn ,  

Lnn ,  

 hd_pseq  

-  Th i s  function  del etes  the  packets  from  a  
retransm ission  queue  for a  peer-to-peer 
commun ication  speci fi ed  by a  Data  fi e l d  
number (Dfn )  and  a  node  number (Lnn ).  

Here,  these  del eted  packets  i n d icate  the  
packet  wi th  the  same sequence  number as  
the  hd_seq ,  and  the  packets  that  are  
reg i stered  faster than  th i s  packet.  

Dupl i cateLAN_Topol ogy DstDfn ,  

DstMgn(DstLnn )  

or 

transport_iden ti fi er 

-  Th i s  function  retu rns  a  True,  i f the  
commun ication  wi th  a  node  speci fi ed  by 
e i ther (a  DstDfn ,  a  DstMgn  (DstLnn ))  or a  
transport_iden ti fi er uses  the  duplexed  
LANs.  

Enque_Mu l ti cast_Retra
nsm i t_Que  

DstDfn ,  

DstMgn ,   

PDU  

-  Th i s  function  reg i sters  a  PDU  to  a  mu l ti cast  
commun ication  retransm iss ion  queue  
speci fi ed  by DstDfn  and  DstMgn .  

Enque_PtoP_Retransm i
t_Que  

DstDfn ,  

DstLnn ,   

PDU  

-  Th i s  function  reg i sters  a  PDU  to  a  peer-to-
peer  commun ication  retransm ission   queue  
speci fi ed  by DstDfn  and  DstLnn .  

Expi re_Timer  Rate_control_in terv
al ,   

DstDfn ,   

DstMgn(DstLnn )  

True  /  Fa l se   Th is  function  retu rns  True  when  a  
transm ission  con tro l  t imer of a  transm ission  
queue  speci fi ed  by DstDfn  and  DstMgn  
(DstLnn)  expi red .  

GetHeader PDU  newPDU  Th is  function  extracts  a  fa lArHeader from  a  
PDU ,  sets  i t  to  a  newPDU.  

Get_ 
Primary_transport_ident
i fi er  

transport_iden ti fi er NewPrimary_tra
nsport_IDs  

Th is  function  gets  the  transport  i denti fi er of 
a  primaryLAN  (NewPrimary_transport_IDs),  
wh ich  are  used  at  the  t ime  of transm i tti ng  
packets  to  a  desti nation  node  speci fi ed  by 
a  transport_identi fi er.  

Get_PDU  transport_iden ti fi er 
,  Retransm i t_Que  ,   

RetransPDU  ,R
etrans  

Th is  function  extracts  the  PDU  i n  reg i stered  
order from  a  retransm ission  queue  for a  
desti nati on  node  speci fi ed  by a  transport  
_i den ti fi er.  

I f an  extracted  PDU  exi sts ,  i t  sets  the  
extracted  PDU  to  a  RetransPDU,  and  sets  
True  to  a  Retrans,  

Otherwise,  i t  sets  Fal se  to  a  Retrans.  

Get_RetransPDU  RetransPduList  RetransPDU,  

trans  

Th is  function  extracts  a  PDU  i n  reg i stered  
order from  a  RetransPduList,  and  sets  the  
PDU  and  the  True  to  a  RetransPDU  and  a  
trans,  respecti vel y.  

I n  the  case  of that  a  RetransPduList  i s  
NULL or a l l  PDUs  have  been  extracted ,  
sets  Fal se  to  a  trans.  
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Name  Input  Output Description  

Get_transport_iden ti fi er  DstDfn ,   

DstMg （D s t 

transport_IDs-1 ,   

transport_IDs-2   

Th is  function  gets  transport  i denti fi ers  (port  
i n formation ,  I P  address  etc)  wh ich  are  
necessary to  transm i t  a  PDU ,  and  sets  
these  i n formation  to  transport_IDs-1  and  
transport_IDs-2.  

( I n  the  case  of Duplexed  LAN )  

– transport_IDs-1  =  transport  i n formation  
of a  primary LAN  

– transport_IDs-2  =  transport  i n formation  
of a  secondary LAN  

( I n  the  case  of a  S i ng l e  LAN )  

– transport_IDs-1  =  transport  i n formation  
of a  primary LAN  

– transport_IDs-2  =  Nu l l  

Packet_SEQ_Control  PDU  resu l t-p  Th is  function  compares  a  R_V_PSEQ wi th  
R_PSEQ by us ing  the  i n formation  of h d_sa,  
hd_m_ctl  and  hd_pseq .   A R_V_PSEQ and  
a  R_PSEQ are  updated  accord ing  to  the  
resu l t  of compari son ,  (Ref.  5. 3. 2 . 1 2 )  

(a)  I n  the  case  of that   R_V_SEQ ≠  0  and  
R_V_SEQ ≠  hd_v_seq ,  

 the  recei ved  PDU  i s  d i scarded ,  set   
resu l t-p  =  4  

(b)  I n  the  case  of detecti ng  d upl i cated  
packet  or l ost  packets ,  the  recei ved  
packet  i s  d i scarded .  

– resu l t-p  =  1  (normal  packet 
recepti on )  

– resu l t-  p  =  2  (dupl i cate  packet 
recepti on )  

– resu l t-  p  =  3  ( l ost  packet d etection )  

– resu l t-p  =  4  (Request   to  d i sconnect  
TCP  connection )  

Priori ty_QueingR_contr
ol  

 hd_da.Dfn ,   

hd_da.Mgn  
(hd_da. Lnn),   

PDU    

ｰ  Th i s  function  reg i sters  a  PDU  to  a  receiving  
queue  speci fi ed  by the  hd_da. Dfn  and  
hd_da.Mgn  (hd_da. Lnn )  correspond ing  
pri ori ty l evel ,  and  contro l s  a  pri ori ty 
recei ving  processing .  

Priori ty_Queing_control   DstDfn ,   

DstMgn  (DstLnn ),   

PDUdata   

trans-mode  Th is  function  reg i sters  a  PDUdata  to  a  
transm i tti ng  queue  speci fi ed  by the  DstDfn  
and  DstMgn  (DstLnn )  correspond ing  priori ty 
l evel ,  and  con trol s  a  priori ty transm i tti ng .  

Retu rns  the  transm i tti ng  mode  to  trans -
mode.  

– trans-mode  =  Immed iate  ( I mmed iate  
transm ission )  

– trans-mode  =  Period ic  ( I n terval  
transm ission )  
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Name  Input  Output Description  

Produce_ 
RetransPduList  (PDU ,   
RetransPduList  )  

PDU  RetransPduList,  I n  accordance  wi th  the  retransm i tti ng  
request i n formation  wi th i n  a  RetransEnq-
PDU ,  th i s  function  produces  the  l i s t  of a l l  
PDU  to  be  retransm i tted .  Special l y,  execu te  
a  S tep1  agai nst  each  case  of wh ich  
cons ists  of both  retransMcg  and  
retransPseqNo wi th i n  a  ReturansEnq-PDU.  

(Step1 )  

After extracti ng  the  speci fi c  PDUs  from  a  
retransm i tti ng  queue  wh ich  corresponds  to  
a  retransMcg,  set  the  PDUs  to  a  
RetransPduList  i n  order of reg i steri ng .  

Here,  the  speci fi c  PDUs  mean  the  PDU  
havi ng  the  same sequence  number wi th  a  
retransPseqNo,  and  mean  a l l  PDU  
reg istered  subsequentl y.  

(Step2)  

I f there  i s  not  a  PDU  having  the  same 
sequence  number wi th  a  retransPseqNo i n  
a  retransm i tti ng  queue  wh ich  corresponds  
to  a  retransMcg ,  create  a  RetransNAK-
PDU.  

I n  th i s  case,  i f a  RetransNAK-PDU  has  
a l ready been  created ,  adds  both  a  
retransMcg  and  a  retransPseqNo to  the  
fi e l ds  of a  RetransNAK-PDU.  

(Step3)  

Wi th  respect to  a  retransMcg  of the  case  of 
the  rest,  repeat procedures  of both  s tep1  
and  s tep2.  I f a  RetransNAK-PDU  has  
a l ready been  created  at  the  tim ing  of 
completi ng  a l l  cases,  set  a  RetransNAK-
PDU  to  a  RetransPduList.  

Re-transm iss ion_control  DstDfn ,  

DstMgn ,  

True  /  Fa l se  Th is  function  checks  whether the  
commun ication  speci fi ed  by the  DstDfn  and  
the  DstMgn  i s  a  mu l ti cast  commun icati on  
wi th  a  retransm ission .  

I n  the  case  of a  mu l ti cast  commun ication  
wi th  retransm ission ,  returns  True.  
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Name  Input  Output Description  

Select_transaction  DstDfn ,   

DstMgn  (DstLnn ),    

transport_IDs-1 ,   

transport_IDs-2 ,   

trans-PDU ,  

ACK_req_i denti
fi er,  

After th i s  function  se l ects  the  q ueue  wh ich  
has  exceeded  a  transm i tti ng  i n terval  t ime  
from  the  transm i tti ng  queues  speci fi ed  by 
the  DstDfn  and  the  DstMgn  (DstLnn ),  i t  
extracts  the  send ing  PDU  from  the  selected  
queue.  

I f the  correspond i ng  mu l ti pl e  q ueues  exi st,  
process  i n  order from  the  h i ghest priori ty 
queue  to  the  l owest  priori ty q ueue.  

Here,  a  tota l  number of transm iss ions  don ’ t  
exceed  a  pre-configu red  maximum  number.  

(Resu l t)  

– trans-PDU  =  transm i tti ng  PDU  

 i f no  transm i tti ng  PDU  exi sts ,  trans-
PDU  =  Nu l l  

– transport_IDs-1  =  transport  i n formation  
of a  primary LAN  

– transport_IDs-2  =  transport  i n formation  
of a  secondary LAN  

 i f LANs  are  not  dupl exed ,   
transport_IDs-2  =  Nu l l  

– ACK_req_i den ti fi er =  True/ Fal se  

 Here,  an  ACK_req_identi fi er vari able  i s  
val i d  on l y when  the  target  
commun icati on  i s  a  peer-to-peer (TCP)  
commun ication  us ing  a  d upl exed  LAN .  

I n  the  case  of the  fol l owing ,  set  True  to  an  
ACK_req_i denti fi er.  Otherwise,  set  Fal se  to  
an  ACK_req_i den ti fi er.  

(a)  When  coun ts  of a  transm ission  of PDU  
exceed  a  predefined  maximum  service  
coun ts  wh ich  i s  correspond ing  to  each  
transm i tti ng  queue.   

(b)  Wi th in  each  transm i tti ng  queue  
correspond ing  to  priori ty l evel s ,  there  
exi sts  no  other PDU  except for these  
PDU  descri bed  above.  

Start_Timer Rate_control_in terv
al ,   

DstDfn ,   

DstMgn  

-  I nvokes  a  transm i tti ng  con trol  t imer for the  
transm i tti ng  queue  speci fi ed  by DstDfn  and  
DstMgn  

Transport_error_detecti
on   

transport_iden ti fi er True  /  Fa l se  To  retu rn  True  when  a  l ower l ayer than  
transport  l ayer detects  an  error that  i t  
cannot main tai n  commun ication .   

To  retu rn  Fal se  i n  the  case  of no  detection .  

Transport_read_data  recei ve_port   PDU ,  

True  /  Fa l se  

To  set  the  data  i n to  a  PDU  after read i ng  
data  from  a  recei ving  port  of transport  
l ayer.  

Here,  at  the  tim ing  of read ing  data,  i f data  
has  a l ready arri ved  at  th i s  port,  retu rns  
“ true”.  

Transport_wri te_data   transport_IDs-i  ,   

PDU  

-  To  transm i t  a  PDU  i n to  the  transport  l ayer,  
accord i ng  to  i n formation  of transport_ID_i .   
(  i  =  1 ,  2 )  
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N am e  I n pu t  Ou tpu t Des cri pti on  

Update_S_PSEQ DstDfn ,   

DstMgn  (DstLnn )  

UpdatedNumber (1 )  To  retu rn  a  updated  number after 
updati ng  a  send ing  sequence  number 
(S-PEQ)  of packet  for mu l ti cast 
commun icati on  speci fi ed  DstDfn  and  
DstMgn .  

(2)  To  retu rn  a  updated  number after 
updati ng  a  send ing  sequence  number 
(S-PEQ)  of packet  for peer to  peer 
commun icati on  speci fi ed  DstDfn  and  
DstLnn .  

Ref.  5 . 3 . 2 . 1 2  

 

8. 2. 5. 3  Vari abl es  

Al l  the  variables  used  by the  RT communication  control  are  summarized  in  Table  66.   

Table  66  – RT com mu n i cation  con trol  variabl es   

N am e  Des cri pti on  

ACK. in form  ACK-repl y for transm iss ion  request of ACK packet  

ACK. req   Transm iss ion  request of ACK packet  

ACK_req_i denti fi er 
I den ti fi er i n d icati ng  the  presence  or absence  of ACK-request.  

(Presence:  True,   Absence:  Fal se)  

AckReplyPDU  Repl y PDU  for transm ission  request  of ACK packet  

Dfn  Data  fi e l d  n umber 

DstDfn  Desti nati on  data  fi e l d  n umber 

DstLnn  Desti nati on  node  number 

DstMgn  Desti nati on  mu l ti cast  g roup   n umber 

Lnn  Log ica l  node  number 

NewPrimary_transport_I Ds  Transport   i denti fi er  wh ich  was  newl y  changed  to  a  primary LAN  

NodeMode  Operation  mode  of node （o n l i n e  m o d e  o r te   

Rate_control_in terval  Control l i ng  period  of transm i tting  data  

RequestPDU . hd_da. Dfn  Desti nati on  data  fi e l d  number set  i n  a  h d_da  fi e l d  of RequestPDU  

RequestPDU . hd_da.Mgn  
Desti nati on  mu l ti cast  g roup  number set  i n  a  hd_da  fi e l d  of 
RequestPDU  

Retrans  Variable  i nd icati ng  the  presence  or absence  of RetransPDU  

Retrans-TCD  Transacti on  code  of mu l ti cast  commun ication  wi th  function  of 
retransm iss ion  

Retransm i t_Que  Queue  of retransm iss ion  

hd_da  hd_da  fi e l d   i n  PDU  

hd_pkind  hd_pkind  fi e l d  i n  PDU  

hd_pri  hd_pri  fi e l d  i n  PDU  

hd_pseq  hd_pseq  fi e l d  i n  PDU  

hd_sa  hd_sa  fi e l d  i n  PDU  

primaryLAN  Primary LAN  i n  d upl exed  commun ication  paths  system  

recei ve_acycl i c_port_for_Al i ve  Recei ving  port  n umber of an  a l i ve-commun ication  

recei ve_acycl i c_port_for_Mu l ti cast  Recei ving  port  n umber of a  mu l ti cast  commun ication  

recei ve_acycl i c_port_for_Mu l ti castWi th
Retrans  

Recei ving  port  n umber wi th  function  of retransm iss ion  
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N am e  Des cri pti on  

recei ve_acycl i c_port_for_Mu l ti castWi th
RetransControl  

Recei ving  port  n umber wi th  function  of retransm ission  con trol  

recei ve_acycl i c_port_for_PtoP  TCP’s  recei ving   port  number of acycl i c  commun ication  

recei ve_cycl i c_port  Recei ving  port  n umber of cycl i c  commun ication  

recei ve_port  Recei ving  port  n umber 

resu l t-m ,   resu l t  -p  ,  resu l t  -mode  Resu l ts  of function  

trans  Variable  i nd icati ng  the  presence  or absence  of retransm ission  PDU  

trans-mode  
Transm i tti ng  t im ing  of PDU  

（Im m e d i a te  / P e ri o d i c）  

transport_iden ti fi er,   

transport_IDs-1 ,  

transport_IDs-2  

Transport  i n formation  wh ich  i s  needed  to  transm i t  a  PDU  from  a  
transport  l ayer,  wh ich  consists  of port  number or I P  address  etc.  

（tra n s p o rt_ ID s -1 :  transport  i n formation  for LAN -1 、   tra-2 :   
transport  i n formation  for LAN-2 ） 

 

9  DLL mappi ng  protocol  machi ne (DM PM )  

9. 1  DM PM  type  S  

The DMPM  maps  the  ARPM  service  requests/responses  to  DL  service  requests/responses  
(converting  APDUs  to  DLSDUs)  and  DL  service  i nd ications/confi rms  to  ARPM  service  
i nd ications/confi rms  (converti ng  DLSDUs  to  APDUs).  

Table  67  shows  the  re lationsh ips  between  ARPM  and  DL service.   

Tabl e  67  – ARPM  to  DL mappi n g   

ARPM  pri m i ti ve  
DL-Servi ce  

Servi ce  Pri m i ti ves  

FAL-RCL. req  

FAL-RCL. cnf 

FAL-RCL. i nd  

Transm i t/Recei ve  DLSDU  

(RCL commun ication )  

DL-RCL. req  

DL-RCL. cnf 

DL-RCL. i nd  

FAL-RTC. req  

FAL-RTC. cnf 

FAL-RTC. ind  

Transm i t/Recei ve  DLSDU  

(RT commun ication)  

DL-RTC. req  

DL-RTC.cnf 

DL-RTC. i nd  

RCL_STOP. ind  Stop  RCL frames  DLM_RCL_STOP. ind  

RCL_START. ind  Start  RCL frames  DLM_RCL_START. i nd  

Node_ST. i nd  I nd icate  the  node  of  s tatus  DLM_Node_ST. i nd  

 

9. 2  DM PM  type  N  

9. 2. 1  G en eral  

This  sub  clause  defines  the  requ i rement for mapping  the  transm iss ion  of TPDUs over an  
Ethernet-TCP/UDP/IP-based  network us ing  the  TCP/UDP/IP  protocol  su i te.  

9. 2. 2  Com mu n ication  port i n  tran sport layer 

The transm ission  of TPDUs  (transport. req ,  transport. ind)  uses  TCP/UDP communication  ports  
predefined  configuration .  
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Table  68  shows  an  assignment pol icy of communication  ports.  

Table  68  – Assi g n m en t pol i cy of com mu n i cati on  ports   

Com m u n i cati on  
type  

Protocol  Port  Des cri pti on  

Mul ti cast  
commun ication  

UDP  transm i tti ng  port  One  transm i tti ng  UDP  port  shal l  be  ass igned  for each  
data  fi e l d .  

recei ving  port  One  recei ving  UDP  port  shal l  be  ass igned  for each  
mu l ti cast  g roup.  

Peer -to-  peer 
commun ication  

TCP  transm i tti ng  port  Defi ne  one  transm i tti ng  TCP  port  and  one  recei ving  
TCP  port  between  each  node  i n  the  data  fi e l d .  
Establ i sh  a  TCP  connection  between  these  ports  i n  
each  node.  

recei ving  port  

Al i ve-message  
commun ication  

UDP  transm i tti ng  port  One  transm i tti ng  a l i ve-message  UDP  port  sha l l  be  
ass igned  for each  data  fi e l d .  Each  node  shal l  use  the  
same  port  number.  

recei ving  port  One  recei ving  a l i ve-message  UDP  port  shal l  be  
ass igned  for each  data  fi e l d .  Each  node  shal l  u se  the  
same port  number.  

 

9. 2. 3  Qu al i ty of Servi ce  (Qos)  for CP 20/2.  

9. 2. 3. 1  Overvi ew 

Qual i ty of Service  (QoS)  i s  important for t ime sens i ti ve  appl ications.  CP 20/2  defines  
requ i rements  and  recommendations  for how CP  20/2  equ ipments  use  two s tandard  QoS  
mechan isms:  I EEE  802. 1 D/I EEE  802. 1 Q and  D i fferen tiated  Services  (D i ffServ)  i n  the  TCP/IP  
protocol  su i te.  

Equ ipments  may optional l y support send ing  and  receiving  I EEE  802. 1 Q tagged  frames  and  
Di ffServ Code  Poin ts  (DSCP)  processing ,  depend ing  on  thei r implementation  capabi l i ties .  

9. 2. 3.2  M appin g  CP 20/2  traffi c  to  DSCP an d  I EEE 802. 1 D/Q 

DSCP is  defined  for speci fying  the  re lative  priori ty of traffic based  on  the  I Pv4  Type  of Service  
(ToS)  fi e ld  or on  the  I Pv6  Traffic C lass  fie l d .  F igure  21  shows  the  DSCP fi e ld  i n  the  I Pv4/I Pv6  
header.  

0                        5  6    7  b i t  

DSCP ECN  

 

ECN:  Expl ici t  Congestion  Noti fication  

Fi gu re  21  – DSCP form at  

I EEE  802. 1 Q tagged  frame defines  a  PRIORITY (3-bi t)  fi e ld  to  speci fy 8  priori ty l evels  as  
shown  i n  F igure  22 .  Priori ty 7  i s  the  h ighest.  Priori ty 0  i s  the  lowest.  

 
0             2  3  4                                        

1 5  
b i t  

PRIORITY 0  VLAN  ID  

Figu re 22  – I EEE  802. 1 Q tag  fram e format  

Table  69  defines  the  defau l t DSCP and  IEEE  802 . 1 D/Q  priori ty mapping  for CP20/2  traffic.  
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Table  69  – Defau l t  DSCP an d  IEEE  802. 1 D/Q  
pri ori ty mappi n g  for CP20/2  traffi c  

CP20/2  traffi c  u sag e  
(recom m en d ed )  

DSCP  
(d efau l t)  

I EEE  802. 1 D   
pri ori ty 

-  -  7  

U rgent  Control  52  6  

Cycl i c  transm iss ion （s h o rt i n te rva l  tim e ） 44  5  

H igh  pri ori ty message  /  Control  36  4  

M idd le  pri ori ty message  /  Control  28  3  

Low pri ori ty message  20  2  

-  -  1  

-  -  0  

 

These  priori ty con trols  are  val id  between  end  equ ipments  implementing  a  QoS  function .  

Al l  CP  20/2  equ ipment shal l  support receiving  packets  wi th  non-zero  DSCP values.  Network 
Swi tches  or Rou ters  etc  can  poten tia l l y a l ter DSCP va lues.  Receiving  equ ipment shal l  not  
assume or otherwise  check whether i ncom ing  DSCP va lues  are  the  same as  i n  Table  69,  or 
the  same as  the  va lues  sen t from  the  send ing  equ ipment.  

When  send ing  traffic wi th  I EEE  802 . 1 Q tagged  frames,  CP 20/2  equ ipments  recommend  to  
use  the  priori ty values  speci fi ed  i n  Table  69.   

System  des ign  regard ing  QoS  requ i res  harmon izi ng  the  capabi l i ty of the  equ ipments  and  that 
of the  network equ ipments  etc.  
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IN DU STRI AL COM M U N I CATION  N ETWORKS – 
PROFI LES – 

 
Part 2:  Addi tional  fi eldbus  profi les  for real-ti me  

networks  based  on  ISO/IEC 8802-3  
 
 
 

1  Scope 

Ch apter i s  i d en tical  i n  form  an d  con ten t for al l  CPFs  – see  I EC  61 784-2: 201 4  

2  N ormati ve referen ces  

Ad di ti on al  referen ces  for CPF  20  

I EC PAS  62953-3-25,  Industrial communication networks – Fieldbus specifications – Part 3-
25: Data-link layer service definition  – Type 25 elements 

I EC PAS  62953-4-25,  Industrial communication  networks – Fieldbus specifications – Part 4-
25: Data-link layer protocol specification – Type 25 elements 

I EC PAS  62953-5-25,  Industrial communication  networks – Fieldbus specifications – Part 5-
25: Application layer service definition – Type 25 elements 

I EC PAS  62953-6-25,  Industrial communication  networks – Fieldbus specifications – Part 6-
25: Application layer protocol specification – Type 25 elements 

3 Terms,  defi n i ti on s,  symbol s  and  abbrevi ati ons  

3. 1  Term s an d  d efi n i tion s  

Cl au se  i s  i d en tical  i n  form  an d  con ten t for al l  CPFs  – see IEC  61 784-2: 201 4 

3. 2  Abbreviated  terms  an d  acron yms  

Cl au se  i s  id en ti cal  i n  form  an d  con ten t for al l  CPFs  – see IEC  61 784-2: 201 4  

3. 3  Symbol s  

Ad di tion al  su b-cl au se of th e  CPF  20  

3. 3. 1  CPF  20  symbols  

S ym bol  Descri pti on  U n i t  

BW Total  bandwid th  %  

BW
NRTE

 Non-RTE  bandwi d th  %  

BW
RTE

 RTE  bandwid th  %  

CD Cabl e  segment  de lay  μs  

CL Cabl e  l eng th  km  

DL
CY

 Delay of RTE  frame  on  sender node   μs  

DL
NCY

 Delay of Non -RTE  frame  on  sender node   μs  
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S ym bol  Descri pti on  U n i t  

DL
R
 Delay of recei ver node   μs  

DL
S  

Delay of sender node   μs  

DT Del i very t ime  of RTE  μs  

F
N
 The  number of frames  i n  the  RTE   -  

M The  number of nodes  send ing  RTE  frame  -  

MC
RTE

 Common  memory capaci ty  octet  

N The  number of nodes  between  send ing  and  recei ving  end-stations  -  

PD Cabl e  propagation  del ay μs  

P
OH
 Protocol  overhead  μs  

q The  number packets  i n  the  port  transm i t  queue  μs  

RD
HD
 Delay of hardware  receiving  process   μs  

SD
FM
 Delay of send i ng  process  by fi rmware  μs  

SD
HD
 Delay of send i ng  process  by hardware   μs  

SD
s
 Sender s tack delay μs  

SD
r
 Recei ver stack delay μs  

SL Swi tch  l atency  μs  

SPD Swi tch  processing  delay  μs  

ST
RTE

 Commun ication  cycle  t ime  ms  

T
CI
 Transm i t  t ime  of control  and  i n formation  commun ication  packet  μs  

T
CN
 Transm i t  t ime  of ri ng  control  commun ication  packet  μs  

T
CY
 Transm i t  t ime  of cycl i c  commun ication  packet   μs  

TR
RTE

 Throughput  RTE  μs  

T
X
 Transm i t  time  of target  packet  μs  

T
X_j
 Transm i t  time  of packet  j  μs  

  

3. 4  Con ven tion s  

Cl au se  i s  id en tical  i n  form  an d  con ten t for al l  CPFs  – see IEC  61 784-2: 201 4  

4 Conform ance to  com muni cati on  profi l es  

Ch apter i s  i d en tical  i n  form  an d  con ten t for al l  CPFs  – see  I EC  61 784-2: 201 4  

5 RTE performan ce i ndi cators  

Ch apter i s  i d en tical  i n  form  an d  con ten t for al l  CPFs  – see  I EC  61 784-2: 201 4  

6 Conform ance tests  

Ch apter i s  i d en tical  i n  form  an d  con ten t for al l  CPFs  – see  I EC  61 784-2: 201 4  
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7 Communi cati on  Profi l e  Fami l y 20  (ADS-n et 1 )  – RTE communi cati on  profi l es  

7. 1  G en eral  overview 

Commun ication  Profi l e  Fam i l y 20  defines  profi l es  based  on  I SO/I EC 8802-3,  I EC  PAS  62953-
3-25,  I EC PAS 62953-4-25,  I EC PAS  62953-5-25,  and  I EC  PAS 62953-6-25  wh ich  speci fy the  
communication  system  protocols  commonl y known  as  ADS-net.  

I n  th is  part  of I EC  61 784,  the  fol lowing  commun ication  profi l es  are  speci fi ed  for CPF  20:  

– Profi l e  20/1  

A profi l e  us ing  ADS-net technology i n  a  ring  topology (ADS-net/μΣNETWORK-1 000
1
) ,  

–  Profi l e  20/2  

A profi l e  us ing  ADS-net technology i n  a  star / l i near topology (ADS-net/NX
1
) .  

7. 2  Profi l e  20/1  

7. 2. 1  Ph ysi cal  l ayer 

The phys ical  l ayer of CP  20/1  i s  as  speci fi ed  i n  I SO/IEC 8802-3.  

7. 2. 2  Data l i n k l ayer 

7. 2. 2 . 1  DLL service  sel ecti on  

DLL services  are  defined  in  I EC  PAS 62953-3-25.  Table  1  shows the  subclauses  included  in  
th is  profi l e.  

Tabl e  1  – CP  20/1 :  DLL servi ce sel ection    

Cl au s e  H ead er Presen ce  Con s trai n ts  

Whole  
document  

Data  l i nk service  defi n i ti on  (Type  25)  Yes  -  

 

7. 2. 2 . 2  DLL protocol  sel ection  

DLL protocols  are  defined  in  I EC  PAS 62953-4-25.  Table  2  shows the  subclauses  i ncluded  i n  
th is  profi l e.  

Table  2  – CP  20/1 :  DLL  protocol  sel ecti on    

Cl au s e  H ead er Presen ce  Con s trai n ts  

Whole  
document  

Data  l i nk protocol  speci fi cati on  (Type  25)  Yes  -  

 

7. 2. 3  Appl i cation  l ayer 

7. 2. 3. 1  AL  servi ce sel ection  

Appl ication  Layer services  are  defined  i n  I EC  PAS  62953-5-25.  Table  3  shows  the  subclauses  
i ncluded  i n  th is  profi le .  

                                                      
1   ADS-net,  ADS-net/μΣNETWORK-1 000  and  ADS-net/NX are  u sed  to  descri be  the  documents  of I EC PAS  62953-

3-25,  I EC PAS  62953-4-25,  I EC PAS  62953-5-25,  I EC PAS  62953-6-25  and  I EC 61 784-2 .  
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Table  3  – CP 20/1 :  AL  service sel ecti on   

Cl au s e  H ead er Presen ce  Con s trai n ts  

1  Scope  Yes  -  

2  Normative  references  Yes  -  

3  Terms,  defi n i ti ons,  symbols  and  abbrevi ations  Parti a l  Used  i f n eeded  

4  Concept  Yes  -  

5  Data  type  ASE  Parti a l  Used  i f n eeded  

6  Commun ication  model  speci fi cation  -  -  

6 . 1  Commun ication  model  Yes  -  

6 . 2  ASE  type  S  Yes  -  

6 . 3  ASE  type  N  No  -  

6 . 4  AR type  S  Yes  -  

6 . 5  AR type  N  No  -  

 

7. 2. 3. 2  AL  protocol  sel ection  

Appl ication  Layer protocols  are  defined  i n  I EC  PAS 62953-6-25.  Table  4  shows  the  
subclauses  included  i n  th is  profi l e.  

Table  4 – CP  20/1 :  AL  protocol  sel ection   

Cl au s e  H ead er Presen ce  Con s trai n ts  

1  Scope  Yes  -  

2  Normative  references  Yes  -  

3  Terms,  defi n i ti ons,  symbols  and  abbrevi ations  Parti a l  Used  i f n eeded  

4  FAL  syn tax description  -  -  

4 . 1  FALPDU  type  S  abstract  syntax Yes  -  

4 . 2  FALPDU  type  N  abstract syn tax No  -  

4 . 3  Data  type  assignments  for type  S  Yes  -  

4 . 4  Data  type  assignments  for type  N  No  -  

5  FAL  transfer syntax -  -  

5 . 1  Encod ing  ru les  Yes  -  

5 . 2  FALPDU  type  S  e l ements  encod ing  Yes  -  

5 . 3  FALPDU  type  N  e l ements  encod ing  No  -  

6  Structure  of the  FAL  protocol  s tate  mach ine  Yes  -  

7  FAL  service  protocol  mach ine  (FSPM)  -  -  

7 . 1  Overview Yes  -  

7 . 2  FSPM  type  S  Yes  -  

7 . 3  FSPM  type  N  No  -  

8  Appl i cation  relati onsh i p  protocol  mach ine  (ARPM)  -  -  

8 . 1  ARPM  type  S  Yes  -  

8 . 2  ARPM  type  N  No  -  

9  DLL mappi ng  protocol  mach ine  (DMPM)  -  -  

9 . 1  DMPM  type  S  Yes  -  

9 . 2  DMPM  type  N  No  -  
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7. 2. 4  Perform an ce  i n d i cator sel ecti on  

7. 2. 4.1  Perform an ce  in d i cator overvi ew 

Table  5  provides  an  overview of CP 20/1  performance  ind icators.  

Table  5  – CP  20/1 :  perform an ce  i n d i cator overvi ew  

Perform an ce  i n d i cator Appl i cabl e  Con s trai n ts  

Del i very t ime  Yes  None  

Number of end -stations  Yes  None  

Basic network topol ogy  Yes  On ly ri ng  topology i s  supported  

Number of swi tches  between  end -stati ons  No  -  

Throughpu t RTE  Yes  None  

Non -RTE  bandwid th  Yes  -  

Time  synchron ization  accuracy No  -  

Non -time-based  synchron i zati on  accuracy No  -  

Redundancy recovery time  Yes  None  

 

7. 2. 4. 2  Perform an ce  in d i cator d epen d en ci es  

7. 2. 4.2 .1  Depen den cy matri x 

Table  6  shows  the  dependencies  between  performance  i nd icators  for CP  20/1 .   

Table  6  – CP  20/1 :  Perform an ce i n d i cator d epen d en cy matri x  

Depen d en t PI  I n fl u en ci n g  P I  

Del i very ti m e  N u m ber of 
en d -s tati on s   

Basi c  
n etwork 

topol og y  

Th rou g h pu t 
RTE   

N on -RTE  
ban d wi d th   

Red u n d an cy 
recover ti m e   

Del i very time    Yes  No  Yes  Yes  No  

Number of end -
stations   

Yes   No  Yes  Yes  No  

Bas ic network 
topol ogy  

No  No   No  No  No  

Throughput  RTE   Yes  Yes  No   No  No  

Non -RTE  
bandwi d th   

No  Yes  No  Yes   No  

Redundancy 
recover time   

No  No  No  No  No   

 

7. 2. 4. 2 .2  Del i very ti m e  

CP 20/1  traffic  controls  by us ing  4  VLAN  as  shown  below.   

VLAN-1 :Ring control  communication High  

VLAN-2 :Cyclic  communication 

 

VLAN-3 :Control  communication 

VLAN-4 : Information communication Low 
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The  performance i nd icator “Del i very time”  i s  re lated  to  the  VLAN  priori ty cl asses  as  shown  
above.  The  frame del i very time of each  commun ication  between  any two end-nodes  depends  
on  mu l ti p le  factors  (e. g .  frame buffering  delay) .   

Cycl ic  communication  time  i s  ca lcu lated  us ing  formu lae  (1 ) ,  (2),  (3),  (4) ,  (5)  and  (6).  

 

CDDLDLDLDLDT R

MN

i

NCY

M

i

CYS ++++= ∑∑
−

=

−

= 1

2

1

  (1 )  

 XCICNHDFMS TSPDTTSDSDDL +++++=
  (2)  

 XCICYCNCY TSPDTTTDL ++++=
  (3)  

 XCICNNCY TSPDTTDL +++=
  (4)  

 HDXCICNR RDTSPDTTDL ++++=
  (5)  

 CLPDCD ⋅=   (6)  

where   

DT i s  the  del i very time of cycl i c communication  i n  m icroseconds  (one  frame/nodes  
send ing) ;   

DLS  i s  the  delay of sender node  (send ing  the  cycl ic communication  packet) ;   

DLCY i s  the  delay of cycl ic  frame sender node;   

DLNCY i s  the  de lay of non-cycl ic frame sender node;   

DLR  i s  the  delay of receiver node  (receiving  the  cycl ic communication  packet);   

CD  i s  the  cable  delay i n  m icroseconds;   

SDFM  
i s  the  de lay of send ing  process  by fi rmware  (fi rmware  wai ting  time,  depend ing  on  
the  se lected  hardware  p latform  and  the  embededded  software  implementation );   

SDHD  i s  the  delay of send ing  process  by hardware  (depend ing  on  the  selected  hardware  
p latform);   

TCN  i s  the  transm i t time  of ri ng  control  commun ication  packet i n  m icroseconds;  

TCI  i s  the  transm it  t ime of control  and  i n formation  communication  packet i n  
m icroseconds;   

SPD  i s  the  swi tch  processing  de lay i n  m icroseconds;   

TX  i s  the  transm it t ime of target packet i n  m icroseconds   

TCY  i s  the  transm it t ime of cycl ic commun ication  packet i n  m icroseconds;   

RDHD   i s  the  delay of hardware  receiving  process(depend ing  on  the  selected  hardware  
p latform);   

PD  i s  the  cable  propagation  de lay (see  parameter cable_delay i n  I EC  6241 1 ) ;   

CL  i s  the  cable  l ength  i n  ki l ometers;   

N  i s  the  number of nodes  between  send ing  and  receiving  end -nodes;   

M  i s  the  number of nodes  send ing  cycl ic frame between  send ing  and  receiving  end  
nodes.  

7.2.4.2 .3  Number of end-stations   

The maximum  number of end  stations  shal l  be  up  to  1 28.  
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7. 2. 4.2 .4  Basi c  n etwork topolog y  

The network topology supported  by th is  profi le  i s  of a  l oop  (ri ng).  

7. 2. 4.2 .5  Th rou gh pu t RTE  

The throughpu t RTE  is  ca lcu lated  accord ing  to  formu la  (7) .  

 RTE

RTE
RTE

ST

MC
TR =

  (7)  

where   

TRRTE  i s  the  throughpu t RTE;   

MCRTE   i s  the  common  memory capaci ty for RTE  (cycl ic communication);   

STRTE
 i s  the  commun ication  cycle  time by RTE  packets .   

7. 2. 4. 2 .6  N on -RTE ban d wid th  

The non-RTE bandwid th  i s  ca lcu lated  by us ing  the  Formu lae  (8)  and  (9) .  

 RTENRTE BWBWBW −=
;  (8)  

 

( )
910

8

⋅
⋅⋅+

=
RTE

OHNRTE
RTE

ST

PFMC
BW

 (9)  

where   

BWNRTE  i s  the  bandwid th  used  for non-RTE  (con trol  and  i n formation)  communication  i n  %;   

BW i s  the  tota l  bandwid th  in  %,  and  the  1 00  %  is  1  Gbps;   

BWRTE  i s  the  bandwid th  used  for the  RTE  communication  i n  % ;   

FN  i s  the  number of frames  i n  the  RTE  communication ;   

POH  i s  the  protocol  overhead .   

7. 2. 4. 2 .7  Red u n d an cy recovery ti m e   

CP 20/1  network (master l ess)  i s  au tonomously reconfigu red  wi th  each  node.  Therefore  
CP  20/1  network configuration  i s  s imple  and  fast.  The  maximum  time to  become fu l l y 
operational  again  from  a  fai l u re ,  i n  case  of a  s i ng le  permanen t fa i l u re  is  250  msec.  

7. 2. 4.3  Con si sten t set of perform an ce in d icators  

Table  7  shows the  consistent  set of the  performance  i nd icators  for CP 20/1 .  The  va lues  i n  th is  
table  are  maximum  values  of del i very time by calcu lated  i n  7 . 2 . 4. 2. 2.   
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Tabl e  7  – CP  20/1 :  Con si sten t  set  of performan ce  i n d i cators   

Perform an ce i n d i cator Val u e  Con s trai n ts  

Del i very time  1 , 7  ms   No  fa i l u re,  Total  l ength  =  1 0  km ,  32  nodes   

9 , 1  ms   No  fa i l u re,  Total  l ength  =  500  km ,  1 28  nodes  

Number of end  stati ons  32   Typica l ,  Commun ication  cycle  t ime  =  2  ms   

1 28   Max,  Commun ication  cycl e  t ime  =  1 0  ms   

Throughput  RTE  1 6, 4  M  octets/s  Data=32  KB,  32  nodes   

26 , 1  M  octets/s   Data=256  KB,  1 28  nodes   

Non -RTE  bandwid th  85, 8  %   32  nodes   

77, 2  %   1 28  nodes   

Redundancy recovery t ime  250  ms   -   

 

7. 3  Profi l e  20/2  

7. 3. 1  Ph ysi cal  l ayer 

The physical  l ayer of CP  20/2  i s  as  speci fi ed  in  I SO/I EC 8802-3.  

7. 3. 2  Data  l i n k l ayer 

The data  l i nk l ayer of CP 20/2  i s  as  speci fi ed  in  I SO/I EC 8802-3.  

7. 3. 3  Appl i cation  l ayer 

7. 3. 3. 1  AL  servi ce sel ection  

Appl ication  Layer services  are  defined  i n  I EC  PAS  62953-5-25.  Table  8  shows  the  subclauses  
i ncluded  i n  th is  profi le .  

Table  8  – CP  20/2:  AL  service sel ection   

Cl au s e  H ead er Presen ce  Con s trai n ts  

1  Scope  Yes  -  

2  Normative  references  Yes  -  

3  Terms,  defi n i ti ons,  symbols  and  abbrevi ations  Parti a l  Used  i f needed  

4  Concept  Yes  -  

5  Data  type  ASE  Parti a l  Used  i f n eeded  

6  Commun ication  model  speci fi cation  -  -  

6 . 1  Commun ication  model  Yes  -  

6 . 2  ASE  type  S  No  -  

6 . 3  ASE  type  N  Yes  -  

6 . 4  AR type  S  No  -  

6 . 5  AR type  N  Yes  -  

 

7. 3. 3. 2  AL  protocol  sel ection  

Appl ication  Layer protocols  are  defined  i n  I EC  PAS 62953-6-25.  Table  9  shows  the  
subclauses  included  i n  th is  profi l e.  
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Table  9  – CP  20/2:  AL  protocol  sel ection   

Cl au s e  H ead er Presen ce  Con s trai n ts  

1  Scope  Yes  -  

2  Normative  references  Yes  -  

3  Terms,  defi n i ti ons,  symbols  and  abbrevi ations  Parti a l  Used  i f n eeded  

4  FAL  syn tax description  -  -  

4 . 1  FALPDU  type  S  abstract  syntax No  -  

4 . 2  FALPDU  type  N  abstract syn tax Yes  -  

4 . 3  Data  type  assignments  for type  S  No  -  

4 . 4  Data  type  assignments  for type  N  Yes  -  

5  FAL  transfer syntax -  -  

5 . 1  Encod ing  ru les  Yes  -  

5 . 2  FALPDU  type  S  e l ements  encod ing  No  -  

5 . 3  FALPDU  type  N  e l ements  encod ing  Yes  -  

6  Structure  of the  FAL  protocol  s tate  mach ine  Yes  -  

7  FAL  service  protocol  mach ine  (FSPM)  -  -  

7 . 1  Overview Yes  -  

7 . 2  FSPM  type  S  No  -  

7 . 3  FSPM  type  N  Yes  -  

8  Appl i cation  relati onsh i p  protocol  mach ine  
(ARPM)  

-  -  

8 . 1  ARPM  type  S  No  -  

8 . 2  ARPM  type  N  Yes  -  

9  DLL mappi ng  protocol  mach ine  (DMPM)  -  -  

9 . 1  DMPM  type  S  No  -  

9 . 2  DMPM  type  N  Yes  -  

 

7. 3. 4  Perform an ce  in d i cator sel ection  

7. 3. 4. 1  Perform an ce  in d i cator overview 

Table  1 0  provides  an  overview of the  CP  20/2  performance i nd icators .  

Table  1 0  – CP  20/2:  Perform an ce i n d i cator overvi ew 

Perform an ce  i n d i cator Appl i cabl e  Con s trai n ts  

Del i very time  Yes  None  

Number of end -stations  Yes  None  

Basic network topol ogy  Yes  None  

Number of swi tches  between  end-stati ons  Yes  None  

Throughpu t RTE  Yes  None  

Non -RTE  bandwi dth  Yes  None  

Time  synchron ization  accuracy No  -  

Non -time-based  synchron i zati on  accuracy No  -  

Redundancy recovery time  Yes  Dupl ex LANs  
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7. 3. 4.2  Perform an ce  in d i cator depen d en ci es  

7. 3. 4.2 . 1  Depen den cy matri x 

Table  1 1  shows  the  dependencies  between  performance  i nd icators  for CP 20/2.   

Table  1 1  – CP  20/2:  Perform an ce i n d i cator d epen d en cy matri x  

Depen d en t 
PI   

I n fl u en ci n g  P I   

Del i very 
ti m e   

N u m ber of 
en d -

stati on s   

Basi c  
n etwork 
topol og y  

N u m ber of 
swi tch es  
between  

en d -
stati on s   

Th rou g h p
u t RTE   

N on -RTE  
ban d wi d th   

Red u n d an
cy 

recovery 
ti m e   

Del i very time   Yes  No  Yes  No  No  No  

Number of 
end -stations  

No  
 

Yes  No  No  No  No  

Bas ic 
network 
topol ogy  

No  No  
 

No  No  No  No  

Number of 
swi tches  
between  end -
stations   

No  Yes  Yes  
 

No  No  No  

Throughpu t 
RTE   

No  Yes  No  Yes  
 

Yes  No  

Non -RTE  
bandwid th   

No  Yes  No  Yes  Yes  
 

No  

Redundancy 
recovery time   

No  No  No  No  No  No  
 

 

7. 3. 4. 2 .2  Del i very ti m e  

CP 20/2  cycl ic commun ication  time i s  ca lcu lated  using   formu lae  (1 0) ,  (1 1 )  and  (1 2) .   

 
r

N

k

k

N

i

ixS SDSLCDTSDDT ++++= ∑∑
=

−

= 1

1

1  (1 0)  

 iii CLPDCD ×=
 1 1 )  

 

x

q

j

jxkk TTSPDSL ++= ∑
=1

_

 (1 2 )  

where  

DT i s  the  de l i very time  of cycl ic communication  i n  m icroseconds  (one  frame/nodes  
send ing) ;   

SDs  i s  the  sender stack delay in  m icroseconds  (depend ing  on  the  selected  hardware  
p latform  and  the  embedded  software  implementation) ;   

SDr i s  the  receiver s tack de lay i n  m icroseconds  (depend ing  on  the  selected  hardware  
p latform  and  the  embedded  software  implementation) ;   

CD  i s  the  cable  segment de lay i n  m icroseconds;   
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SL i s  the  swi tch  latency i n  m icroseconds ;  

N i s  the  number of swi tches  between  send ing  and  receiving  end -stations;   

PD i s  the  cable  propagation  de lay i n  nanoseconds  per meter (depend ing  on  the  
characteristics  of the  selected  cable);   

CL i s  the  cable  segment l ength  i n  meters ;   

SPD i s  the  swi tch  process ing  de lay in  m icroseconds  (provided  by the  swi tch  vendor 
i nstead  of SL);   

q i s  the  number packets  in  the  port  transm i t queue  i n  fron t on  of th is  packet;   

TX_j  i s  the  transm i t time  of packet j  i n  m icroseconds;   

TX i s  the  transm i t t ime  of the  target packet i n  m icroseconds .  

7. 3. 4.2 . 3  N u mber of en d -stati on s  

The  maximum  number of end  stations  shal l  be  up  to  65535.  

7. 3. 4.2 . 4  Basi c  n etwork topolog y 

The  network topology supported  by th is  profi le  i s  a  h ierarch ica l  s tar and  l i near or as  a  
combination .   

7. 3. 4.2 . 5  N u mber of switch es  between  en d -station s  

The  maximum  number of swi tches  between  end  s tations  shal l  be  up  to  256.  

7. 3. 4. 2 .6  Th rou gh pu t RTE  

The throughpu t RTE  is  ca lcu lated  by us ing  the  Formu la  (1 3) .  

 RTE

RTE
RTE

ST

MC
TR =

  ( 1 3)  

where  

TRRTE  i s  the  throughpu t RTE;   

MCRTE  i s  the  common  memory capaci ty for RTE  (cycl ic communication);   

STRTE  i s  the  commun ication  cycle  time by RTE  packets .   

7. 3. 4.2. 7  N on -RTE ban dwi dth  

The  non-RTE bandwid th  i s  ca lcu lated  by us ing  the  Formu lae  (1 4)  and  (1 5) .  

 RTENRTE BWBWBW −=
;   (1 4)  

 

( )
910

8

⋅
⋅⋅+

=
RTE

OHNRTE
RTE

ST

PFMC
BW

  (1 5)  

where   

BWNRTE  i s  the  bandwid th  used  for non-RTE  (con trol  and  i n formation)  communication  i n  %;   

BW i s  the  tota l  bandwid th  in  %,  and  the  1 00  %  is  1  Gbps;   

BWRTE  i s  the  bandwid th  used  for the  RTE  communication  i n  % ;   

FN  i s  the  number of frames  i n  the  RTE  communication ;   

POH  i s  the  protocol  overhead .   
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7. 3. 4.2 .8  Red u n d an cy recovery ti me   

The maximum  time to  become fu l l y operational  again  from  a  fai l u re  i n  case  of a  s i ng le  
permanent fai l u re  i s  0  msec.  I n  CP 20/2  au tonomous  (master less)  network,  a  send ing  node  
transm i ts  the  same data  (message)  i n to  duplex LANs wh ich  consists  of two  phys ical  
i ndependent network paths  between  end-nodes.  Therefore,  even  i f a  s ing le  permanent 
network fa i l u re  occurred ,  data  transfer service  can  be  con tinued .  

7. 3. 4.3  Con si sten t set of performan ce in d icators  

Table  1 2  shows the  consistent set of the  performance i nd icators  for CP  20/2 .  The  values  in  
th is  tab le  are  maximum  values  of del i very time by ca lcu lated  i n  7. 3. 4 . 2 . 2 .   

Tabl e  1 2  – CP  20/2:  Con si sten t set of perform an ce in d icators   

Perform an ce 
i n d i cator  

Val u e   Con s trai n ts   

Del i very t ime  3 , 1  ms  No  fa i l u re,  1  024  stations  

7 , 6  ms  No  fa i l u re,  5  1 20  stations  

Number of end  
stations  

1 024  Commun ication  cycle  t ime  =  1 00  ms,  

4  end  s tations  are  connected  to  one  swi tch  

51 20  Commun ication  cycle  t ime  =  500  ms,  

8  end  s tations  are  connected  to  one  swi tch  

Throughpu t RTE  1 0  M  octets/s  Data:  1  MB,  Commun ication  cycle  time:  1 00  ms  

2  M  octets/s  Data:  1  MB,  Commun ication  cycle  time:  500  ms  

Non -RTE  
bandwid th  

91  %  1  024  s tations  

98  %  5  1 20  s tations  

Redundancy 
recovery t ime  

0  ms  Sender:   transm i tti ng  a  message  to  Duplex LANs  

(Duplex LANs  consists  of two  physical  i ndependent network paths  
between  end -nodes. )  
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An nex A 
(informative)  

 
Performance I ndicator calculation   

A. 1  CPF 20  – Performan ce i ndi cator cal cul ati on  

A. 1 . 1  Profi l e  20/1   

A. 1 . 1 . 1  Del i very tim e  

Using  the  formu lae  speci fi ed  i n  7 . 2. 4. 2. 2 ,  the  maximum  value  of del i very time can  be  
calcu lated  based  on  the  fo l l owing  assumptions:   

– The  maximum  of RCL,  control ,  and  i n formation  communication  frame l eng th  =  
1  522  octets ;  

– The  maximum  cycl ic communication  frame l ength  =  1  438  octets;  

– The  de lay of send ing  process  by fi rmware  (SDFM)  =  50  μs;   

–  The  de lay of send ing  process  by hardware  (SDHD)  =  20  μs ;   

–  The  swi tch  processing  de lay (SPD)  =  3  μ s ;   

–  The  delay of hardware  receiving  process  (RDHD)  =  30  μs;   

–  The  cable  propagation  delay  (PD)  =  5  ns/m ;   

– The  cable  l eng th  (CL)  =1 0  km ;   

–  The  number of nodes  between  send ing  and  receiving  end-nodes  (N)  =  32 ;   

–  The  number of nodes  send ing  cycl ic frame between  send ing  and  receiving  end  nodes  (M)  
=  32;   

– The  transm i t  t ime of RCL  frames  (TCN)  =  μs3.1 2
10

8)201522(
9

=
×+

,  

and  the  transm i t t ime of the  con trol  and  i n formation  frames  (TCI)  are  same as  TCN;  

–  The  transm i t  time  of Cycl ic frames  (TCY ,  TX)  =   μs7.1 1
10

8)201438(
9

=
×+

;  

The  RTE  commun ication  cycle  i s  2  ms,  and  tota l  volume of the  cycl ic data  i s  32  KB;   

–  No  transm ission  errors.  

( )

( )

( ) ms7.150307.1 133.1 23.1 2

7.1 133.1 27.1 13.1 2

7.1 133.1 23.1 22050

30

1

≈++++++

+++++

+++++=

∑
=i

DT

 

A. 1 . 1 . 2  RTE th rou gh pu t 

The  maximum  theoretical  throughput RTE  is  ca lcu lated  based  on  the  fol lowing  assumptions:   

– the  tota l  of cycl ic  data  s i ze  (MCRTE)  i s  32  Koctets;   

–  the  RTE  communication  cycle  (STRTE)  =  2  ms.   

octets/s104.1 6
102

102432 6

3
×=

⋅
⋅

== −
RTE

RTE
RTE

ST

MC
TR
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A. 1 . 1 . 3  N on -RTE ban dwidth  

The maximum  theoretica l  non-RTE bandwid th  is  ca lcu lated  based  on  the  fo l lowing  
assumptions:   

– the  tota l  of cycl ic  data  s i ze  (MCRTE)  i s  32  Koctets;   

–  a l l  APDUs are  of the  same s i ze,  and  APDU  s i ze  =  1 344  octets  (maximum  s ize);   

–  protocol  overhead  (POH)  =  1 1 4  octets;   

– the  RTE  commun ication  cycle  (STRTE)  =  2  ms;   

– L ink data  rate  =  1  Gbps.   

( )
%2.14

10102

81 14
1344

102432
102432

10

8
939

=
⋅⋅

⋅






 ⋅
⋅

+⋅
=

⋅
⋅⋅+

= −
RTE

OHNRTE
RTE

ST

PFMC
BW

 

%8.852.1 4100 =−=NRTEBW
 

A. 1 . 2  Profi l e  20/2   

A. 1 . 2. 1  Del ivery tim e  

Using  the  formu lae  speci fied  in  7 . 3. 4. 2. 2 ,  the  maximum  va lue  of del i very time  can  be  
ca lcu lated  based  on  the  fol lowing  assumptions:  

– SDs   =  50  μs;  

–  SDr  =  50  μs;   

–  APDU  s i ze  =  1 396  octets ;  

– Protocol  overhead(POH)  =  1 04  octets;  

– L ink data  rate   =  1  Gbi t/s;  

– Al l  cable  segments  are  of the  same l eng th  and  of the  same cable  type;  

– Cable  propagation  delay (PD)  =  5  ns/m ;  

– Cable  length  (CL)  =  1 00  m ;   

–  Swi tch  process ing  delay (SPD)  =  1 0  μs;  

– Number of end  s tations  =  1 024  

– Maximum  number of swi tches  between  end-stations  =  256;  

– 4  end  stations  are  connected  to  one  swi tch  

– No  RTE  packets  in  the  transm it  queue  in  front of th is  packet;  

– No  transm ission  errors.  

=×= iii CLPDCD
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A. 1 . 2. 2  RTE th rou gh pu t 

The  maximum  theoretical  throughput RTE  is  ca lcu lated  based  on  the  fol lowing  assumptions:   
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– the  tota l  of cycl ic  data  s i ze  (MCRTE)  i s  1  Moctets ;   

– the  RTE  communication  cycle  (STRTE)  =  1 00  ms.  

octets/s1010
10100

1 6

3
×=

⋅
==

−
RTE

RTE
RTE

ST

MC
TR

 

A.1 .2.3  Non-RTE bandwidth  

The maximum  theoretica l  non-RTE bandwid th  is  ca lcu lated  based  on  the  fo l lowing  
assumptions:   

– the  tota l  of cycl ic  data  s i ze  (MCRTE)  i s  1  Moctets ;   

– a l l  APDUs  are  of the  same s i ze,  and  APDU  si ze  =  1 396  octets  (maximum  size);   

– protocol  overhead  (POH)  =  1 04  octets ;   

– the  RTE  communication  cycle  (STRTE)  =  1 00  ms;   

– L ink data  rate  =  1  Gbps.   
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