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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ENGINEERING  DATA EXCHANGE FORMAT FOR USE  

IN  INDUSTRIAL AUTOMATION  SYSTEMS ENGINEERING –  
AUTOMATION  MARKUP LANGUAGE –  

 
Part 5:  Communication  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  national  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC  i s  to  promote  i n ternationa l  
co-operation  on  a l l  q uestions  concern ing  standard izati on  i n  the  e l ectri cal  and  e l ectron ic fi e l d s.  To  th i s  end  and  
i n  add i ti on  to  other acti vi ti es,  I EC pub l i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  Techn ical  Reports ,  
Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  " I EC Publ i cation (s)" ) .  Thei r 
preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  i n  the  subject  deal t  wi th  
may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-governmental  organ izati ons  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 osely wi th  the  I n ternational  Organ ization  for 
S tandard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by ag reement  between  the  two organ izati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
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  Commi ttees.   

3)  I EC Publ i cations  have  the  form  of recommendati ons  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any  
m is i n terpretation  by  any end  user.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  u ndertake  to  app ly I EC Publ i cations  
transparentl y  to  the  maximum  extent  poss ible  i n  thei r nati onal  and  reg i ona l  pub l i cations.  Any d i vergence  between  
any I EC Publ i cation  and  the  correspond ing  national  or reg iona l  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 ndependent certi fi cati on  bod ies  provide  conform i ty  
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i 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,  servan ts  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  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  possib i l i ty  that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subj ect  of patent  
ri gh ts.  I EC shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts .  

I EC 6271 4-5  has  been  prepared  by subcommittee  65E:  Devices  and  i n tegration  i n  en terprise  
systems,  of I EC techn ical  committee  65:  I ndustria l -process  measurement,  control  and  
au tomation .  I t  i s  an  I n ternational  Standard .  

The  text of th is  I n ternational  Standard  is  based  on  the  fol lowing  documents :  

Draft  Report  on  voti ng  

65E/844/FDIS  65E/886/RVD  

 
Fu l l  i n formation  on  the  voting  for i ts  approval  can  be  found  in  the  report  on  voti ng  i nd icated  in  
the  above  tab le.  

The  l anguage  used  for the  development of th is  I n ternational  Standard  i s  Eng l ish .  
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Th is  document was  drafted  in  accordance wi th  I SO/I EC D i rectives,  Part 2 ,  and  developed  in  
accordance wi th  I SO/IEC  D i rectives,  Part  1  and  I SO/IEC D irectives,  I EC  Supplement,  avai lable  
at  www. iec.ch/members_experts/refdocs.  The  main  document types  developed  by I EC are  
described  in  greater detai l  at  www. iec. ch/standardsdev/publ ications.  

A l i s t  of a l l  parts  of the  I EC  6271 4  series ,  under the  general  t i t l e  Engineering data exchange 
format for use  in  industrial automation systems engineering – Automation  markup language,  
can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty  date  ind icated  on  the  I EC websi te  under webstore. iec. ch  i n  the  data  re lated  to  the  
speci fic document.  At  th i s  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

 

IMPORTANT – The "colour inside"  logo on  the  cover page of th is  document i nd icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct understanding  
of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  colour prin ter.  
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ENGINEERING  DATA EXCHANGE FORMAT FOR USE  
IN  INDUSTRIAL AUTOMATION  SYSTEMS ENGINEERING –  

AUTOMATION  MARKUP LANGUAGE – 
 

Part 5:  Communication  
 
 
 

1  Scope 

Eng ineering  processes  of techn ical  systems  and  thei r embedded  automation  systems are  
execu ted  wi th  i ncreas ing  efficiency and  qual i ty.  Especia l ly s i nce  the  proj ect duration  tends  to  
i ncrease  as  the  complexi ty  of the  eng ineered  system  increases.  To  solve  th is  problem,  the  
eng ineering  process  i s  more  often  being  execu ted  by explo i ti ng  software  based  eng ineering  
tools  exchang ing  eng ineering  i n formation  and  artefacts  along  the  eng ineering  process  re lated  
tool  chain .   

Commun ication  systems  establ ish  an  importan t part  of modern  techn ical  systems  and ,  
especial ly,  of au tomation  systems  embedded  wi th in  them.  Fol l owing  the  i ncreasing  
decentra l isation  of au tomation  systems  and  the  appl ication  of fi e l dbus  and  Ethernet technology 
connecting  au tomation  devices  and  further i n teracting  enti ti es  need  to  fu l fi l  specia l  
requ irements  on  commun ication  qual i ty,  safety  and  securi ty.  Thus,  wi th in  the  eng ineering  
process  of modern  techn ical  systems,  eng ineering  i n formation  and  artefacts  re lati ng  to  
commun ication  systems  a lso  need  to  be  exchanged  along  the  eng ineering  process  tool  chain .  

I n  each  phase  of the  eng ineering  process  of techn ica l  systems,  commun ication  system  related  
i n formation  can  be  created  wh ich  can  be  consumed  i n  l ater eng ineering  phases.  A typical  
appl ication  case  i s  the  creation  of configu ration  i n formation  for commun ication  components  of 
au tomation  devices  i nclud ing  commun ication  addresses  and  commun ication  package  
structu ring  wi th in  con trol l er programming  devices  during  the  control  programming  phase  and  
i ts  use  in  a  device  con figuration  tool .  Another typ ical  appl ication  case  is  the  transmiss ion  of 
commun ication  device  configurations  to  vi rtual  commission ing  tools ,  to  documentation  tools ,  or 
to  d iagnosis  tools.  

At  present,  the  cons isten t and  loss less  transfer of commun ication  system  eng ineering  
i n formation  a long  the  complete  eng ineering  chain  of techn ical  systems  i s  unsolved .  Wh i le  user 
organ isations  and  compan ies  have  provided  data  exchange  formats  for parts  of the  relevant  
i n formation  l i ke  FDCML,  EDDL,  and  GSD,  the  above  named  appl ication  cases  cannot be  
covered  by a  data  exchange  format.  Notably  the  networking  re lated  i n formation  describ ing  
communication  re lations  and  thei r properties  and  qual i ties  cannot be  model l ed  by a  data  
exchange  format.  

2  Normative references  

The fo l lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some or a l l  of thei r con tent 
consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly  the  ed i ti on  ci ted  appl ies .  
For undated  references,  the  l atest  ed i ti on  of the  referenced  document ( includ ing  any 
amendments)  appl i es .  

I EC 61 1 31 -3,  Programmable controllers −  Part 3: Programming languages  

I EC 61 1 31 -1 0 :201 9,  Programmable controllers – Part 10: PLC  open XML exchange format  

I EC 62424: 201 6,  Representation  of process control engineering −  Requests in  P&I diagrams 
and data  exchange between P&ID tools and PCE-CAE tools  
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I EC 6271 4-1 ,  Engineering data exchange format for use in  industrial systems engineering – 
Automation Markup Language – Part 1 :  Architecture and general requirements 

IEC 6271 4-4,  Engineering data exchange format for use in  industrial systems engineering – 
Automation markup language − Part 4:  Logic  

IEC 81 346  (a l l  parts) ,  Industrial systems,  installations and equipment and industrial products –
Structuring principles and reference designations 

3 Terms,  defin i tions,  abbreviated  terms and  acronyms  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  in  I EC  6271 4-1  and  the  
fol lowing  apply.  

I SO  and  I EC main ta in  terminolog ical  databases  for use  i n  standard ization  at  the  fol lowing  
addresses:   

•  I EC  E lectroped ia:  avai lable  at  h ttp : //www.electroped ia .org /  

•  I SO  On l ine  browsing  p latform:  avai lable  at h ttp: //www. iso.org/obp  

3. 1 . 1   
AutomationML/AML 
XML based  data  exchange format for p l an t eng ineering  data  

3. 1 .2   
Automation  object  
enti ty  i n  an  au tomated  system  

Note  1  to  en try:  An  example  of an  au tomati on  object  i s  an  au tomation  component,  a  va l ve,  or a  s i gnal .  

3.2  Abbreviated  terms  and  acronyms  

For the  purposes  of th is  document,  the  fol l owing  abbreviations  apply.  

AML  Automation  Markup  Language  

CAEX Compu ter Aided  Eng ineering  Exchange  as  defined  i n  I EC  62424:201 6  

ECAD  Compu ter a ided  eng ineering  for e l ectrical  eng ineering  

EDDL E lectron ic  Device  Description  Language  

FDCML Fie ld  Device  Configuration  Markup  Language  

GU ID  G lobal  Un ique  I denti fi er 

GSD  General  Station  Description  

HM I  Human  Mach ine  I n terface  

ID  I denti fi er 

MCAD  Compu ter a ided  eng ineering  for mechan ica l  eng ineering  

OPC Open  Platform  Commun ications  

PDU  Protocol  Data  Un i t  

SCADA Supervisory Control  And  Data  Acqu is i ti on  

UML  Un i fi ed  Model l ing  Language  

UU ID  Un iversal  Un ique  I denti fi er 

XML  Extens ib le  Markup  Language  
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4 Use cases  and  network structures  

4.1  General  

The model l ing  of commun ication  systems  based  on  AutomationML targets  the  model l i ng  of a  
l arge  amount of i n formation  created ,  exchanged ,  and  appl ied  wi th in  the  eng ineering  process  of 
manufacturing  systems.  Nevertheless,  not  a l l  poss ib le  commun ication  system  related  
i n formation  wi l l  be  model led .  Wi th in  the  fol lowing  subclause,  the  use  cases  for the  appl ication  
of the  commun ication  system  model l i ng  as  wel l  as  the  re levan t i n formation  sets  wi th in  them  are  
named .  

4.2  Use cases  

4.2. 1  Eng ineering  activi ties  

Network topology and  commun ication  system  related  in formation  is  re levant to  various  
eng ineering  activi ti es  a long  the  eng ineering  chain  of production  systems.  Wi th in  the  
eng ineering  process  of production  systems,  the  communication  system  can  be  designed  in  the  
detai l ed  eng ineering  phase  explo i ti ng  various  tools.  Thereby,  commun ication  system  related  
i n formation  i s  created  wh ich  subsequently can  be  appl ied  wi th in  the  detai l ed  des ign  of devices  
and  the  device  commiss ion ing .  F igure  1  represen ts  an  example  set of eng ineering  activi ties  
re levant wi th in  the  general  eng ineering  process  of production  systems  and  the  commun ication  
system  eng ineering  embedded  wi th in .  

 

Figure 1  – General  engineering  activi ties  communication  
system  eng ineering  is  embedded  with in  

With in  the  named  eng ineering  activi ties ,  eng ineering  tools  l ike  (but not l im i ted  to)  the  fol l owing  
wi l l  have  a  re levant  impact:  

•  p lant  pl ann ing  tools,  

•  mechan ical  eng ineering  tools  (MCAD),  

•  e lectrica l  eng ineering  tools  (ECAD),  

•  con trol l er programming  tools ,  

•  robot programming  tools,  

•  HM I  programming  tools ,  

•  OPC system  configuration  tools,  
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•  device  configu ration  tools,  

•  bus  configuration  tools,  

•  s imu lation  tools,  

•  SCADA systems,  

•  vi rtua l  commiss ion ing  tools,  

•  documentation  tools ,  

•  communication  system  securi ty tools,  

•  communication  system  management tools ,   

•  communication  system  d iagnosis  tools .  

These  tools  wi l l  create  and/or consume commun ication  system  related  eng ineering  i n formation  
depend ing  on  the  use  case  of the  eng ineering  chain .  

Nevertheless,  (among  others)  there  are  two main  appl ication  cases  wi th in  th is  eng ineering  
chain ,  where  commun ication  system  related  i n formation  can  be  exchanged  between  
eng ineering  tools .  These  two use  cases  are  the  main  target of the  model l i ng  of commun ication  
systems based  on  Au tomationML.  

4.2.2  Lossless  transfer of commun ication  device  instance  i nformation  

With in  the  general  eng ineering  process,  th is  use  case  covers  the  trans i tion  of commun ication  
re levant i n formation  for configuration  of commun ication  components  of sensors  and  actuators  
from  con trol l er programming  tool  and  s im i lar tools  to  sensor and  actuator 
configuration/programming  tools.  I t  contains  the  transi ti on  of i n formation  re levant  for correct 
communication  ( l ike  addresses  and  channels)  as  wel l  as  for correct  structuring  of 
communication  data  packages  transmi tted  wi th in  communication  ( l ike  transmi tted  data  poin ts  
of sensors).  An  overview is  shown  i n  F igure  2 .   

Wi th in  the  re lated  eng ineering  activi ti es ,  eng ineers  wi th  the  eng ineering  roles  of con trol l er 
programmer,  HM I  programmer,  e l ectrical  des ign  eng ineer,  commiss ioner communication ,  
commiss ioner control ler,  and  robot programmer can  be  i nvolved .  They wi l l  execu te  the  fol lowing  
sequence of eng ineering  and  data  exchange activi ti es  wh ich  shou ld  be  seen  as  an  example  
sequence.  

Step  1 .  Design  of system  i nstrumentation ,  defi n i tion  of used/in terconnected  devices  

Step  2 .  Export of device  i n formation  from  system  instrumentation  tool  

Step  3.  Import  of device  in formation  to  control l er programming  and  device  configu ration  tools  

Step  4 .  I n tegration  of device  descriptions  ( l ike  GSD)  in  control ler programming  tool  

Step  5.  Design  of control l er programs  and  configurations  wi th in  control l er programming  tool  

Step  6.  Export of communication  device  re levant i n formation  from  control ler programming  tool  

Step  7.  Import  of commun ication  device  re levan t i n formation  to  device  configuration  tool  

Step  8.  Use  of i n formation  for parameterisation  of commun ication  component of device  
(addresses,  etc. )  and  for structu ring  of commun ication  packages  (send  data  poin ts)  
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Figure 2  – Information  flow of the  use  case  

There  are  d i fferen t a l ternatives  poss ib le  bu t not usual ly appl i ed .  The  fo l l owing  two sequences  
are  imag inable  wh ich  wi l l  be  i n  the  focus  of the  use  case.  

Sequence  1 :  

Step  1 .  Des ign  of commun ication  system  con figurations  wi th in  th i rd  party tool   

Step  2 .  I n tegration  of device  descriptions   

Step  3.  Export of communication  device  re levant i n formation   

Step  4.  Import of commun ication  device  re levant  i n formation  to  device  
configuration/programming  tool   

Step  5.  Use  of in formation  for parameterization  of commun ication  component of device  
(addresses,  etc. )  and  for structu ring  of commun ication  packages  (send  data  poin ts)  

Sequence  2 :  

Step  1 .  Th i rd  party tool ,  e. g .  the  device  configuration  tool  provides  in formation  l i ke  s ignals,  
data  volume,  describing  the  i nstance  i n formation  

Step  2 .  Device  vendor provides  device  descriptions,  describ ing  the  type  i n formation  

Step  3.  Bus  con figuration  tool  consumes  these  sn ippets  and  device  descriptions  

Step  4.  Bus  configurator generates  bus  configuration  
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Step  5.  Import of the  bus  configu ration  in to  the  control ler programming  tool  

Step  6.  Use  of i n formation  from  peripheral  devices  i ns ide  the  con trol ler program  

Both  sequences  are  common ly depicted  in  F igure  3.  

 

Figure 3  – Al ternative in formation  flow of the  use  case  

Possible  tools  exporti ng  communication  system  in formation  can  be  e . g .  control l er programming  
tools.  They cover control l er programming  proj ects  wi th  data  poin ts  (variables),  device  
configurations,  and  i nd i rect commun ication  network descriptions.  I n  add i tion ,  commun ication  
system  eng ineering  tools  can  be  data  sources  as  wel l  as  i nstrumentation  tools  l ike  ECAD  tools.  

Data  s inks  of the  data  exchange  can  be  tools  for sensor commun ication  configuration ,  HM I  
programming ,  robot programming ,  OPC system  configu ration ,  or actor commun ication  
configuration .  They mostly cover programming  projects  wi th  data  poin ts  (variables),  device  
configurations,  and  i nd i rect  commun ication  network descriptions.  Relevant  tools  can  be  FDT 
tools,  HMI  programming  tools ,  and  robot  programming  tools .  

Based  on  th is  use  case,  the  model l ing  of commun ication  systems  based  on  Au tomationML 
shou ld  cover in formation  abou t I O  l i sts ,  association  of variables  ( IOs)  to  communication  data  
packages  and  device  parameters  for parameterization  of commun ication  devices  such  as  
addresses  (e. g .  I P  address),  med ia  access  (e. g .  MAC address),  subnet masks,  gateway 
addresses,  and  communication  obj ects  used ,  such  as  profi l e  i n formation .  

I n  add i ti on ,  the  model l i ng  shou ld  fu l fi l  the  fol l owing  non-functional  requ i rements.  Device  
parameter l i s t sha l l  be  extendable  by users  to  cover upcoming  technolog ies.  Appropriate  
RoleClassLibs  and /or SystemUn i tClassLibs  enabl i ng  the  i den ti fication  of object semantics  shal l  
be  defined .  
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4.2.3  Lossless  transfer of commun ication  system  in formation  

Beyond  the  configuration  of commun ication  devices,  commun ication  system  i n formation  i s  
exploi ted  i n  d i fferent eng ineering ,  mon i toring ,  main tenance,  etc.  tools.  Therefore,  th is  use  case  
covers  the  transmiss ion  of communication  network configuration  and  s tructure  i n formation  
i nclud ing  i n frastructure  device  configuration ,  end  device  con figuration  wi th  respect to  
communication  system  parameters ,  network structure  and  wiri ng ,  q ual i ty  of service,  etc.  Th is  
i n formation  can  be  provided  to  device  configuration  tools,  documentation  and  maintenance  tools ,  
and  network management tools .  They can  enable  the  combination  of physical  wi ri ng  wi th  l og ical  
communication  connections  for error detection .  

Wi th in  th is  use  case,  eng ineers  wi th  the  eng ineering  roles  control ler programmer,  HMI  
programmer,  e l ectrica l  design  eng ineer,  commissioner commun ication ,  commissioner control l er,  
robot programmer,  and  operator are  i nvolved .  They wi l l  execu te  the  fol lowing  eng ineering  
process  wh ich  shou ld  be  seen  as  an  example  sequence.  

Step  1 .  Eng ineering  of sets  of variables  to  be  transmi tted  wi th in  commun ication  system  wi th in  
con trol l er programming  tools  and  sensor/actuator programming/configuration  tools  

Step  2 .  Export of these  variable  sets  from  con trol l er programming  tools  and  sensor/actuator 
programming/configuration  tools  

Step  3.  Import of variable  sets  to  commun ication  network eng ineering  tools   

Step  4.  Eng ineering  of mapping  l i sts  of variables  and  eng ineering  of phys ical  wi ri ng  

Step  5.  Export of communication  system  des ign  from  communication  network eng ineering  
tools  

Step  6.  Import  of commun ication  system  des ign  to  conti nu ing  eng ineering  or execution  tools  

The  sequence  is  common ly depicted  i n  F igure  4.  
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Figure 4 – Information  flow of the  use  case  

Source  of the  eng ineering  data  exchanged  can  be  control l er programming  tools  covering  
con trol l er programming  projects  wi th  data  poin ts  (variables),  device  configurations,  and  ind i rect  
communication  network descriptions,  commun ication  system  eng ineering  tools  covering  
communication  system  projects  i nclud ing  device  configurations  and  commun ication  connection  
properties,  sensor commun ication  configuration  tools,  HM I  programming  tools ,  robot 
programming  tools ,  OPC system  con figuration  tools,  or actor communication  configuration  tools  
a l l  together covering  programming  projects  wi th  data  poin ts  (variables) ,  device  configurations,  
and  i nd i rect commun ication  network descriptions.   

S inks  of the  data  exchange can  be  tools  for commun ication  system  securi ty mon i toring ,  
communication  system  configuration ,  commun ication  system  management,  and  commun ication  
system  d iagnosis.  

Based  on  th is  use  case,  the  model l i ng  of commun ication  systems  based  on  Au tomationML shal l  
cover i n formation  abou t  network topology,  connector l i sts  of devices  and  the ir properties ,  
phys ical  connections  between  connectors  of devices  and  the ir properties ,  l og ical  l i nks  between  
device  based  appl ications  and  thei r properties,  mapping  of l og ica l  l i nks  to  phys ical  connections,  
association  of l i nk and/or connection  attribu tes  to  l i nks  or connections  l i ke  sender and  receiver 
addresses,  qual i ty of service,  protocols  used ,  etc.  

I n  add i ti on ,  some  non-functional  requ i rements  are  derived .  L ink and  connection  attribu te  l i s t 
sha l l  be  extendable  by  users  to  cover upcoming  technolog ies .  Appropriate  RoleClassLibs  
and /or SystemUn i tClassLibs  enabl ing  the  i denti fication  of object semantics  shal l  be  defined .  
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4.3  Del imitation  of model l ing  range  

4.3. 1  Scope of the  model l ing  range  

With in  the  scope of the  use  cases  named  above,  d i fferen t communication  technolog ies,  
communication  system  use  strateg ies  and  l i fe  cycles  as  wel l  as  commun ication  network 
arch i tectures  can  be  cons idered .  Wi th in  the  fol lowing ,  the  broad  theoretica l  range  wi l l  be  l im i ted  
to  most appl ied  cases.  

4.3.2  In teraction  structures  and  l i fe  cycles  

Fol lowing  the  above  described  use  cases,  the  communication  system  model l i ng  based  on  
AutomationML shou ld  concen trate  on  the  description  of cycl ic  communication  based  on  a  fixed  
ass ignment between  commun ication  partners.  These  commun ication  partners  wi l l  run  (more  or 
l ess  complex)  parts  of the  con trol  l og ic  of con trol  appl ications  on  d i fferen t commun icating  
con trol  devices.  

Therefore,  there  are  at l east two d i fferen t views  re levant to  the  commun ication  system;  a  l og ical  
view and  a  phys ical  view.  On  a  h igh  level  l og ical  view,  there  are  data  process ing  appl ications  
exchang ing  appl ication  data  (variables)  l og ical l y.  For the  physical  real isation  of the  data  
process ing  appl ications  con trol  devices  are  used .  These  devices  wi l l  physical ly  commun icate  
us ing  commun ication  systems.  Wi th in  both  views,  the  model led  objects  (appl ication  parts,  
devices,  connections,  etc. )  wi l l  have  specia l  properties  wh ich  are  re levant for the  correct  
use/behaviour of the  commun ication  system.  Such  systems and  the ir descriptive  in formation  
are  i n  the  scope  of the  fo l lowing  presentations.  

Out of scope of the  commun ication  system  model l ing  based  on  Au tomationML are  for example  

•  acycl ic  service  based  and  on ly temporari ly  used  communication  s tructu res  as  they are  
usual ly present i n  the  use  of the  World  Wide  Web,  

•  safety  or securi ty re lated  issues,  and  

•  complex device  behaviou r and  structure  in formation  as  they are  usual ly  covered  by device  
description  l anguages.   

Nevertheless,  the  use  of Au tomationML to  model  commun ication  systems wi th  these  properties  
is  not  excluded  a l though  not i n tended .  

Commun ication  system  descriptions  can  cover d i fferen t levels  of detai l .  They can  range  from  
very abstract descriptions  on ly  naming  commun icating  partners  and  thei r dependencies  down  
to  a  deta i l ed  description  of commun ication  connections  and  thei r properties  as  wel l  as  device  
and  appl ication  parts  wi th  the ir properties .  These  d i fferen t l evels  of detai l  are  i n  the  scope  of 
the  i n tended  commun ication  system  model l i ng .  

Commun ication  systems  are  complex systems  covering  d i fferent  technolog ies  wi th in  one  
communication  system.  As  an  example,  control l er based  con trol  systems  can  be  considered .  
They usual ly  embed  d i fferen t fie l dbus  systems,  Ethernet based  commun ication ,  copper and  
fi bre  optic  wi ring ,  wi re less  commun ication ,  d i fferen t active  i n frastructu re,  etc.  D i fferen t 
communication  protocols  can  operate  on  the  same  phys ica l  in frastructu re  (wi re,  wi reless  
channel  etc. ) .  A s i ng le  device  may execu te  several  con trol  appl ication  parts.  Thus,  the  d i fferent  
communication  technolog ies  are  cross- l inked  and  depend  on  each  other.  Th is  complexi ty and  
i n terl i nking  shou ld  be  express ib le  by Au tomationML and  is  i n  scope  of the  fol lowing  descriptions.  

Commun ication  systems  are  cons idered  in  d i fferent phases  of the  eng ineering  of a  production  
system  such  as  detai led  eng ineering  and  commission ing  and  are  used  wi th in  d i fferen t phases  
of the  l i fe  cycle  of a  production  system  l ike  device  configuration ,  production  ramp  up,  normal  
production  run ,  d iagnosis  and  main tenance.  These  d i fferen t phases  of eng ineering  and  use  of 
production  systems  and  the ir impact on  model  con tent  and  model  use  shou ld  be  covered  by the  
AutomationML based  model l i ng  of commun ication  systems.  
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4.3.3  Network objects  

Each  commun ication  network wi l l  be  seen  as  two l ayered :  a  l og ica l  l evel  and  a  phys ical  l evel .  
Mapping  th is  view on  the  often  referenced  I SO  OSI  7  l ayer structure  of commun ication  systems  
[2 ] 1 ,  the  physical  level  wi l l  cover the  l ayers  1  and  2  of the  I SO  OSI  7  l ayer s tructu re  wh i le  the  
l og ical  l evel  subsumes  l ayers  3  to  7  of the  I SO OSI  7  l ayer s tructure  and  the  con trol  appl ications  
above l ayer 7.  

Looking  on  the  log ical  l ayer we  can  fi nd  the  fo l l owing  enti ties  to  be  model l ed .  Control  
appl ications  usual ly consist of mu l ti p le  d is tributed  appl ication  parts  provid ing  d i fferen t  
functional i ti es  of the  con trol  process  and  forming  l og ica l  devices.  An  example  (g iven  i n  F igure  5)  
can  be  a  main  control  appl ication  exchang ing  sensor and  actuator i n formation  wi th  two IO  
functions.  I n  general ,  these  l og ical  devices  (con trol  appl ication  parts)  exchange i n formation  of 
d i fferent  types,  i n  our example  d i fferent sensor s i gnals  and  actuator states,  wh ich  can  be  seen  
as  connection  poin ts  to  the  l og ical  devices  and  end  poin ts  of the  i n formation  exchange  between  
l og ical  devices.  The  i n formation  exchange i tse l f i s  execu ted  by d i fferen t l og ica l  connections.  

 

Figure 5  – Example  of a  log ical  level  view on  communication  systems  

The l og ica l  network may conta in  d i fferent obj ects  wi th  d i fferen t descriptive  properties .  Wh i le  
l og ica l  control  devices  may have  un ique  i den ti fiers,  cycle  times,  and  foot pri n t  ( to  name on ly a  
few examples),  l og ical  end  poin ts  may have  a  data  type,  and  l og ical  connections  may have  a  
requ i red  transm iss ion  rate.  I n  any case,  these  descriptive  properties  can  be  cons idered  as  
attribu tes  of the  obj ects  of i n terest.  

On  the  physical  level ,  physical  devices  wi th  phys ica l  i n terfaces  can  be  found .  I n  the  example  
g iven  i n  F igure  6,  a  control ler i s  connected  via  an  active  i n frastructure  wi th  two  IO  devices.  
Physica l  devices  have  phys ica l  endpoin ts  representing  network i n terfaces  l ike  p l ugs  and  
sockets  and  are  connected  via  physical  connections  to  a  commun ication  system.  Compared  to  
the  log ical  l evel  view,  there  are  add i tional  physical  en ti ties  representing  i n frastructure  
components  of the  network ( l ike  swi tches,  etc. ) .  

As  i n  the  case  of the  log ica l  network,  the  phys ica l  network objects  may have  d i fferent descriptive  
properties.  Wh i le  phys ical  devices  may have  identi fi ers  and  process ing  capabi l i ties ,  physica l  
end  poin ts  may have  an  address,  a  maximal  data  rate  and  a  connector type,  whereas  phys ica l  
connections  may have  a  poss ib le  transmiss ion  rate,  a  wire  type,  antenna  type,  p l ug  type  or a  
documentation  number.  These  descriptive  properties  can  be  cons idered  as  attribu tes  of the  
obj ects  of i n terest.  

____________ 

1   F i gu res  i n  square  brackets  refer to  the  B ib l i ography.  
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Figure 6  – Example  of a  physical  level  view on  communication  systems  

Both  views  need  to  be  combined  to  get the  complete  commun ication  system  description .  
Therefore,  log ical  devices  are  hosted  by physical  devices  in terconnected  i n  a  phys ical  network 
topology.  I n  the  example  g iven  i n  F igure  7,  a  con trol l er hosts  a  main  control  appl ication  wh i le  
the  IO  devices  host IO  functions.  I n  add i ti on ,  physical  i n terfaces  and  l og ical  i n terfaces  are  
mapped .  Thus,  each  l og ica l  connection  i s  mapped  vi rtua l ly  to  a  set  of physical  connections  
implementing  i t.  I t  i s  not  strictly  necessary that  there  i s  a  un ique  chain  of phys ica l  connections  
representing  th is  implementation  s ince  not  a l l  commun ication  systems  support th is .  

 

Figure  7  – Combined  views on  communication  systems  

4.3.4  Network topolog ies  

With in  i ndustria l  commun ication  systems,  d i fferent  network arch i tectures  are  to  be  cons idered .  
On  the  one  hand  d i fferen t wiring  topolog ies  can  be  d isti ngu ished .  On  the  other hand  d i fferen t  
physical  network topolog ies  are  possible,  often  dependen t on  cable  rou ting  or wi re less  channel  
settings.  The  commun ication  system  model l ing  presented  here  shou ld  be  appl icable  to  a l l  of 
them.  

Full document details: IEC 62714-5-2022

http://avadocuments2026.com/doc/iec-62714-5-2022
http://avadocuments2026.com/doc/iec-62714-5-2022


I EC 6271 4-5: 2022  © I EC  2022  – 1 9  –  

Wi th  respect to  d i fferent wi ri ng  topolog ies ,  the  model l i ng  shou ld  be  able  to  cover star,  l i ne,  and  
ri ng  topolog ies  includ ing  thei r combinations.  Some examples  are  g iven  in  F igure  8 ,  F igure  9,  
and  F igure  1 0.  

 

Figure 8  – Star topology example  

Figu re  8  presents  a  typical  star topology where  the  active  i n frastructu re  device  establ ishes  
connections  between  the  d i fferen t phys ica l  devices  wh i le  the  l og ical  connections  remain  
b i l ateral  connections  between  l og ica l  devices.  

 

Figure  9  – Ring  topology example  

Figure  9  presents  a  typica l  ri ng  topology where  each  phys ica l  device  has  two phys ica l  i n terfaces  
connecting  the  devices  i n  a  phys ical  ri ng .  Again ,  the  l og ica l  connections  remain  b i l ateral  
connections  between  log ica l  devices.  
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Figure 1 0  – Line topology example  

Figure  1 0  presents  a  typ ical  l i ne  topology.  Here  again  each  phys ical  device  has  two physical  
i n terfaces  connecting  the  devices  i n  a  phys ica l  l i ne.  Thus ,  i t  i s  an  open  ri ng  topology.  The  l og ica l  
connections  remain  b i latera l  connections  between  l og ica l  devices.  

Wi th  respect to  network topolog ies,  the  model l i ng  shou ld  enable  the  representation  of s imple  
networks  of d i rect  wi ri ng  of componen ts,  networks  wi th  active  i n frastructures,  networks  
connected  by gateways  and  h ierarch ica l  networks  ( i . e.  networks,  where  one  net component 
con tains  a  complete  fu rther network l ike  a  backplane  bus  i n  a  modu lar control l er) .  Examples  of 
such  network s tructures  are  g iven  i n  F igure  1 1 ,  F i gure  1 2,  F i gure  1 3 ,  and  F igu re  1 4 .  

 

Figure 1 1  – Simple  network with  d i rect wi ring  
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F i gu re  1 1  represents  a  very bas ic network where  two  phys ical  devices  are  d i rectly  wi red  
establ ish ing  a  l og ica l  connection  between  the  re levant l og ical  devices.  I t  can  be  seen  as  the  
m in imal  network wh ich  shal l  be  representable.  

 

Figure 1 2  – Network wi th  active  infrastructure  

Figure  1 2  represen ts  a  network conta in ing  active  i n frastructure  devices  as  i s  usual ly  the  case  
in  Ethernet based  networks  where  swi tches,  hubs,  and  rou ters  are  i n tegrated  to  forward  
commun ication .  

 

Figure 1 3  – Networks  connected  by gateways  

Figu re  1 3  represen ts  a  network where  a  l og ica l  connection  spans  two  d i fferent  networks  
exploi ti ng  an  appl ication  gateway for mapping  of l og ical  connections.  I t  depicts  that wi th in  th is  
gateway,  the  data  i tems  of the  two re levant  connections  are  mapped  to  each  other.  
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Figure 1 4 – H ierarchical  structured  networks  

Figure  1 4  represents  a  h ierarch ica l  network structure  as  usual ly g iven  i n  the  case  of a  
communication  system  con tain ing  a  physica l  device  wi th  a  backplane  network connecting  the  
d i fferent i n ternal  components  of the  phys ical  device.  Th is  case  i s  g iven  i f modu lar fi e l dbus  
couplers  are  exploi ted  i n  a  network.  

I n  add i ti on  to  the  poss ib le  appl ication  of d i fferen t  topolog ies  and  network in teraction  structures  
wi th in  i ndustria l  communication  systems,  there  are  usual ly d i fferent appl ications  connected  by 
a  commun ication  system  l ike  con trol  and  system  configuration/programming .  Networks  covering  
mu l tip le  appl ications  shou ld  a lso  be  model led  as  shown  i n  F igure  1 5.  

 

Figure 1 5  – Network covering  mu ltiple  appl ications  
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4.3.5  Communication  content 

With in  commun ication  systems,  commun ication  datagrams  (known  as  Protocol  Data  Un i ts/ 
PDUs)  are  exchanged  between  communication  partners ,  i . e .  con trol  appl ication  parts.  
Therefore,  each  log ical  connection  contains  PDU  obj ects  exchanged  via  th i s  connection .  I n  the  
case  of a  PDU  object conta in ing  control  i n formation  (sensor and  actor s ignals ,  s tatus,  a larms,  
etc. ) ,  i t  may be  l i nked  to  a  PLCopenXMLI nterface  (see  I EC  61 1 31 -1 0)  or a  S ignal I n terface  
model l i ng  the  exchanged  i n formation .  

Th is  s tructure  is  depicted  i n  F igure  1 6.  

 

Figure 1 6  – General  model l ing  strategy for PDUs  

4.4  Derived  model l ing  requ irements  

Based  on  the  observations  g iven  in  th is  subclause,  the  fol l owing  general  in formation  i s  model l ed :  

a)  Physical  l evel  i n formation  

1 )  Physica l  devices  representing  the  phys ica l ly  commun icati ng  en ti ties  wi th  thei r  
properties,  

2)  End  poin ts  of physica l  connections  attached  to  phys ica l  devices  representing  the  
physical  i n terface  of the  devices  (socket)  wi th  thei r descriptive  properties,  

3)  Physica l  connections  representing  the  physical  wi ri ng  or used  wirel ess  channels  wi th  
the ir descriptive  properties.  

b)  Log ical  level  i n formation  

1 )  Log ical  devices  representing  appl ication  parts  wi th  thei r descriptive  properties ,  

2)  End  poin ts  of l og ical  connections  attached  to  log ica l  devices  representing  the  appl ication  
part i n terface  wi th  thei r descriptive  properties,  

3)  Log ical  connections  represen ting  the  i n formation  exchange  between  appl ication  parts  
wi th  thei r descriptive  properties .  

4)   Process  data  un i ts  model l ing  the  exchanged  data  packages.  

c)  Relations  between  log ical  and  phys ical  l evels   

1 )  Mapping  of end  poin ts  to  represent the  implementation  of l og ical  connections  by phys ica l  
connections,  

2)  Relations  between  variables  exchanged  and  appl ied  commun ication  technology/protocol  
especial ly  by  mapping  of variables  to  commun ication  package  structures.  
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d )  Commun ication  networks  

1 )  Un ique  association  of devices  and  connections  to  networks ,   

2)  Un ique  h ierarch ical  network s tructuring ,  

3)  Dependencies  between  networks,  

4)  Dependencies  between  devices  such  as  redundancy properties ,  

5)  Dependencies  between  connections  such  as  redundancy properties .  

5 UML model  

5.1  Overview 

The UML model  uses  class  d iagrams  showing  the  static relationsh ips  between  network enti ti es.  
The  en ti ti es  are  a lways  described  as  types.  The  rea l  implementation  of the  model  depends  on  
tool  preferences.  An  aggregation  demonstrates  here  a  "has  a"  association  or re lationsh ip  
between  the  classes  and  the  aggregation  i s  more  speci fic than  association  [1 ] .  

More  importan t i n  the  UML class  d iagrams  are  the  defined  card ina l i ties .  I f the  card inal i ty i s  not  
defined  then  i t  i s  to  be  read  as   0 . . . n .   

F i gu re  1 7  shows  the  focal  poin ts  of the  model led  communication  structure  of a  s ing le  
communication  network.  The  phys ica l  device  is  the  cen tral  obj ect  of the  further descriptions.  I n  
particu lar,  the  model l ed  s tructu re  i s  d ivi ded  in to  the  l og ical  and  phys ical  topolog ica l  views.  

 

Figure 1 7  – Structure of communication  network 

The re lationsh ip  of the  commun ication  structure  to  i tse l f (reflexive  association)  a l l ows  the  
representation  of nested  commun ication  networks  or the  representation  of several  
i n terconnected  network segments.  

5.2  Logical  topology 

5.2. 1  Aim  of log ical  topology 

The l og ical  topology describes  the  l og ical  view of the  commun ication  partners .  I t  represents  
communication  re lations  from  the  poin t  of view of appl ication  programs.  F igure  1 8  shows  the  
three  i nvolved  (abstract)  i tems  and  thei r re lationsh ips:  

•  l og icalTopology,  

•  l og icalConnection ,  

•  l og ica lEndPoint.  
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Figure 1 8  – View on  log ical  topology 

5.2.2  I tem  log icalTopology 

The  class  l og icalTopology a l l ows  the  model l i ng  of an  au tomation  or commun ication  network on  
top  of a  phys ical  network.  I t  shal l  aggregate  a l l  communication  re lations  between  l og ical  end  
poin ts ,  wh ich  i n  turn  are  associated  to  phys ica l  devices.   

A real  derivation  of l og icalTopology may be  the  representation  of a  con trol  network i n  a  p l ant.  

5.2.3  I tem  log icalConnection  

The  en ti ty  l og icalConnection  shal l  describe  the  commun ication  re lation  between  two l og ical  end  
poin ts ,  wh ich  are  commun ication  partners.  A more  generic term  is  ‘ l og ica l  l i nk’ ,  i nd icating  the  
re lationsh ip  between  at l east two  l og ica lEndPoints.  

The  property l og icalConnection I d  i s  a  GU ID  wi th in  the  commun icationStructure  and  shal l  
i denti fy the  l og ica lConnection .  

The  property l og icalEndPoin tI dRefs  i s  an  array and  shal l  con tain  a l l  GU IDs  of l og ica lEndPoin ts  
re lated  to  the  l og icalConnection .  Thus,  m: n  relationsh ips  i n  a  communication  re lation  can  be  
model led .  

A real  derivation  of l og icalConnection  may be  a  connection  re lation  i n  a  peer-to-peer-
re lationsh ip.  

5.2.4  I tem  log icalEndPoint  

The  en ti ty  log icalEndPoint  sha l l  represent  a  commun ication  partner i n  such  a  re lationsh ip.   

The  property  log ica lEndPoin tI d  i s  a  GU ID  wi th in  the  commun icationStructure  and  shal l  i denti fy  
the  l og icalEndPoin t.  
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The  property log ica lEndPoin tRole  i s  of data  type  s tring  and  shal l  be  used  to  speci fy the  log ical  
ro le  of the  l og icalEndPoin tI d  in  the  commun ication  re lation .  Conceivable  values  cou ld  be  pa irs  
such  as  "source"  – "desti nation" ,  "source"  – "s ink" ,  "publ isher"  – "subscriber"  or "master"  – 
"s lave" ,  etc.  

Derivations  of such  a  commun ication  end  poin t may be  an  I P  port or a  peer.  

5.3  Physical  topology 

5.3. 1  Aim  of physical  topology 

The physical  topology describes  the  phys ica l  view on  the  commun ication  partners.  I t  shal l  
represent commun ication  re lations  from  the  poin t of view of wiri ng  or channel  setti ngs.  
F i gure  1 9  shows  the  th ree  i nvolved  (abstract)  i tems  and  the ir re lationsh ips:  

•  phys icalTopology,  

•  phys icalConnection ,  

•  physicalEndPoin t.  

 

Figure  1 9  – View on  physical  topology 

5.3.2  I tem  physicalTopology 

The class  phys icalTopology is  the  en try poin t  for model l i ng  the  phys ica l  topology of an  
au tomation  network.  I t  shal l  aggregate  a l l  commun ication  re lations  between  phys ical  end  poin ts ,  
associated  wi th  au tomation  devices.   

A rea l  derivation  of phys icalTopology may be  the  representation  of physical  networks  i n  a  pl ant.  

5.3.3  I tem  physicalConnection  

The  enti ty  physicalConnection  shal l  describe  the  commun ication  relation  between  two  phys ical  
end  poin ts .  The  physica lEndPoin ts  may a lso  be  connected  by means  of a  wireless  network.  I n  
th is  case  a  l i nk via  the  ether i s  establ ished .   

The  property  physicalConnection I d  i s  a  GU ID  wi th in  the  commun icationStructure  and  shal l  
i denti fy the  phys icalConnection .  
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The  property phys icalEndPoin tI dRefs  i s  an  array and  shal l  con ta in  a l l  GU IDs  of 
phys ica lEndPoin ts  re lated  to  the  physica lConnection .  Thus,  m : n  connections  in  a  
communication  network can  be  model led .  

A real  derivation  of phys ica lConnection  may be  a  cable  connecting  sockets  i n  a  peer-to-peer-  
re lationsh ip.  

5.3.4  I tem  physicalEndPoint  

The enti ty phys ica lEndPoin t shal l  represent a  real  commun ication  endpoin t in  such  a  
re lationsh ip.   

The  property  phys ica lEndPoin tI d  i s  a  GU ID  wi th in  the  commun icationStructure  and  shal l  i den ti fy  
the  phys icalEndPoint.  

The  property  log icalEndPoin tI dRefs  is  an  array and  shal l  con tain  GU IDs  of log icalEndPoints  
re lated  to  th is  phys ica lEndPoint.  

Derivation  of such  an  end  poin t may be  an  Ethernet  port.  

5.4  Device  

5.4. 1  General  

The model  of the  device  i s  the  most complex in  the  UML model .  F i gure  20  shows the  fi rst part 
and  F igure  21  the  second  part  of i t.   

5.4.2  I tem  physicalDevice  

Central  component i s  the  phys icalDevice.  The  attribu tes  a l l ow the  un ique  i den ti fication  of the  
i nstances  and  sub- instances  of phys icalDevice.  Fu rthermore,  there  is  an  aggregation  
re lationsh ip  to  i tsel f.  By means  of th is  re lation ,  modu lar devices  can  be  model led .  The  
aggregation  of the  i n formation  i tem  summarises  a l l  importan t product  data  descriptions,  
i denti fiers ,  documentation ,  etc.  as  a  centra l  obj ect,  wh ich  may a lso  be  used  by i nstances  of a  
l og icalDevice.  A physicalDevice  or i ts  sub  modu les  aggregate  the  l og icalDevices.  Furthermore,  
the  physical  end  poin ts ,  e . g .  ports,  are  ass igned  to  the  phys icalDevice  by means  of the  
phys ica lEndPoin tList.  The  same  pattern  is  used  for the  physical  channels .  I n  the  case  that  the  
phys ica lDevice  i s  a  control ler,  i t  may con tain  several  deviceResources.  
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Figure 20  – Part 1  of the  device  model  

NOTE  The  i tem  l og icalEndPoi n t  i s  the  transi ti on  poin t  to  F i gu re  21  and  i s  repeated  there.  

The  property  phys ica lDeviceI d  i s  a  GU ID  wi th in  the  commun icationStructure  and  shal l  i denti fy  
the  phys icalDevice.  I f i t  i s  a  submodu le  i ns ide  a  device,  the  property  subDeviceNumber shal l  
define  the  manufacturer speci fic order of the  submodu le  in  the  device.  

The  property I EC81 346FunctionReference shal l  describe  the  functional  aspect of the  
phys ica lDevice  accord ing  to  the  ru les  of I EC 81 346.  

The  property I EC81 346LocationReference shal l  describe  the  location  of the  physicalDevice  i n  
the  p lan t accord ing  to  the  ru les  of I EC 81 346.  

The  property I EC81 346ProductReference  shal l  describe  the  product i n formation  of the  
phys ica lDevice  accord ing  to  the  ru les  of I EC 81 346.  

5.4.3  I tem  Information  

The i tem  I n formation  is  a  p l aceholder for any kind  of i n formation  associated  wi th  the  physical  
and  log ical  device  type.  I t  shal l  be  used  to  describe  the  type  in formation  of a  device  i nstance  i n  
detai l .  The  proposed  properties  may be  enhanced  on  demand .  
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5.4.4  I tem  physicalDeviceInformation  

The i tem  phys ica lDeviceI n formation  expands  the  generic p laceholder I n formation  and  shal l  
represent  device  in formation  re lated  to  the  phys ica lDevice.  

5.4.5  I tem  log icalDeviceInformation  

The i tem  log ica lDeviceI nformation  expands  the  generic p laceholder I n formation  and  shal l  
represent  device  in formation  re lated  to  the  log icalDevice.  

5.4.6  I tem  log icalDevice  

The i tem  l og icalDevice  shal l  represent non-physical  aspects  of a  real  device.  Often  more  
complex fi e ld  devices  conta in  several  log icalDevices  wi th  thei r own  address  i n formation  and  
speci fic tasks.  

The  l og ica lDevice  shal l  aggregate  the  networkDataI tems via  the  networkDataList,  used  for 
con figuration  tasks.  Also  the  log ica lEndPoints  shal l  be  aggregated  via  the  log ica lEndpointl ist.  
I n  add i ti on  to  the  representation  of the  l og ical  topology i n  4 . 2 ,  the  l og ica lEndPoin t  a lso  shal l  
aggregate  the  protocol  data  un i ts ,  exchanged  via  the  l og ical  connection .  

The  property deviceConfig  shal l  describe  in formation  used  during  s tart-up  of the  l og icalDevice.  
They may be  exchanged  at  run time  between  d i fferen t  commun ication  partners ,  depend ing  on  
the  commun ication  system.  

The  property  deviceDescriptionReference  shal l  reference  to  an  external  device  description  fi l e,  
i f avai l able.  

The  property  log icalDeviceI d  i s  a  GU ID  i ns ide  the  au tomation  system  and  shal l  i den ti fy  the  
l og ica lDevice.  

The  property protocol  sha l l  describe  the  used  commun ication  protocol ,  e. g .  E thernet based  
i ndustria l  bus,  fi e ldbus  etc.  

The  property usedPhysicalEndPoin tI dRefs  shal l  represent a  l i st  of GU ID  wi th  associated  
physicalEndPoin ts.  Th is  means  that these  end  poin ts  wi l l  be  used  by the  l og ica lDevice.  

5.4.7  I tem  networkDataList  

The  i tem  networkDataList  shal l  represent  the  networkDataI tems  associated  to  the  l og ica lDevice.  

5.4.8  I tem  networkDataI tem  

A networkDataI tem  shal l  represent one  speci fi c con figuration  i tem  that  belongs  to  the  
l og icalDevice.  Typical  networkDataI tems  can  be  MAC address,  ip  address,  subnet mask,  s tation  
name etc.  

5.4.9  I tem  log icalEndPointList  

Th is  i tem  is  a  pattern  to  enumerate  a l l  avai lable  l og icalEndPoin ts.   

5.4. 1 0  I tem  physicalEndPointList  

Th is  i tem  is  a  pattern  to  enumerate  al l  ava i l ab le  phys ica lEndPoin ts.   

5.4. 1 1  I tem  physicalChannelList  

The i tem  phys icalChannelList shal l  represen t a  p laceholder for e l ements  of phys icalChannel .  
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5.4. 1 2  I tem  physicalChannel  

The  i tem  physica lChannel  shal l  represen t a  connecting  poin t to  a  s ignal ,  e . g .  an  analogue  or 
b inary i n -  or ou tpu t.  The  data  type  is  not expl ici tly  model led  here.  The  phys ica lChannel  i s  l i s ted  
via  phys ica lChannelList.  

The  property physicalChannel I d  i s  a  GU ID  wi th in  the  communicationStructure  and  shal l  i denti fy  
the  channel  or s i gnal .  

5.4. 1 3  I tem  deviceResource  

The  i tem  deviceResource  shal l  represent  a  run time  envi ronment (e. g .  a  CPU  or vi rtual  mach ine  
wi th  speci fic  software)  i nside  a  device  a l lowing  execu ting  programs or parts  of programs wi th  
i ts  man-mach ine  i n terface  or sensor and  actuator i n terface  functions.  The  i tem  is  a  
representation  of the  term  RESOURCE  used  i n  I EC  61 1 31 -3 .  

5.4. 1 4  I tem  variableList  

Th is  i tem  is  a  pattern  to  enumerate  al l  avai lable  variables  i ns ide  a  deviceResource.  

5.4. 1 5  I tem  variable  

The i tem  variable  represen ts  a  variable  e. g .  of a  control ler program  or i n  another type  of 
con trol l er.  The  data  type  i s  not expl ici tly  model l ed  here.  The  i tem  variable  shal l  represen t a  
VARIABLE i ns ide  a  programmable  component,  e. g .  a  control l er accord ing  to  the  defin i tion  of 
IEC 61 1 31 -3.  The  i tem  variable  i s  a l ready defined  in  I EC 6271 4-4  as  an  i n terface  and  
references  to  a  variable  e lemen t of PLCopen  XML ( I EC  61 1 31 -1 0)  by means  of the  GU ID.  

The  property variableI d  i s  a  GU ID  wi th in  the  commun icationStructure  and  shal l  i den ti fy  the  
variable.  
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Figure  21  – Part 2  of the  device model  

NOTE  The  i tem  l og icalEndPoi n t  i s  the  transi ti on  poin t  from  F igu re  20  and  i s  repeated  here.  

5.4. 1 6  I tem  pduList  

The i tem  pduList  sha l l  represent  the  Protocol  Data  Un i ts  exchanged  via  the  l og icalEndPoin t.  

5.4. 1 7  I tem  pdu  

The i tem  pdu  shal l  represent one  speci fic  Protocol  Data  Un i t  re lated  to  th is  l og icalConnection .  
I t  sha l l  aggregate  the  protocolData  and  the  payload .  The  payload  can  be  specia l ised  in to  
processDataI temList or parameterI temList.  
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5.4. 1 8  I tem  protocolData  

The i tem  protocolData  shal l  be  used  to  describe  the  protocol  overhead ,  wh ich  is  normal ly  not  
model l ed  by  the  processDataI tem  or parameterI tem.  For rea l  commun ication  protocols ,  
specia l isations  of these  i tems  can  be  defined .  

5.4. 1 9  I tem  payload  

The i tem  payload  shal l  represent the  processDataI tem  and  parameterI tem  as  a  general ized  
abstract i tem.  The  optional  property address  may be  used  for address  or i den ti fication  purposes  
of a  dataI tem.   

5.4.20  I tem  processDataItemList  

Th is  i tem  is  a  pattern  to  enumerate  a l l  processDataI tems.  

5.4.21  I tem  parameterI temList  

Th is  i tem  is  a  pattern  to  enumerate  al l  parameterI tems.  I n  add i tion ,  a  pdu  of th is  type  shal l  have  
a  commun ication  protocol  speci fic address.  

5.4.22  I tem  dataI tem  

The i tem  dataI tem  shal l  represent a  data  obj ect commun icated  via  the  l og icalConnection .   

The  property  octetOffset  shal l  defi ne  the  octet  offset  of the  data  object i n  the  PDU  payload .  The  
coun ting  shal l  start wi th  the  fi rst octet of the  payload  s tarting  wi th  index ‘0 ’  for fi rst octet to  send / 
receive.   

The  property b i tOffset shal l  defi ne  the  b i t  offset of the  data  obj ect  ins ide  an  addressed  octet of 
the  PDU  payload .  

The  properties  octetOffset and  b i tOffset may be  used  a l ternatively.  I f both  properties  are  used ,  
they shal l  be  added  i n  order to  calcu late  the  b i t  posi ti on .   

The  property  numberOfBi ts  sha l l  defi ne  the  l eng th  of the  data  obj ect  i n  bi ts .  

5.4.23  I tem  processDataI tem  

The i tem  processDataI tem  shal l  represent  a  process  data  obj ect commun icated  via  the  
l og icalConnection .  Such  data  objects  are  often  transmi tted  by means  of cycl ic service  prim i tives  
of the  communication  system.  

The  property processDataI temId  is  a  GU ID  i ns ide  the  au tomation  system  and  shal l  i denti fy  the  
processDataI tem.  

The  property variableI dRef shal l  be  the  reference  of the  processDataI tem  i ns ide  the  process  
data  image  associated  wi th  a  variable  of the  con trol l er or control ler program.  The  reference  is  
set,  i f the  physicalDevice  i s  a  con trol l er.  

The  property processDataI temIdRef shal l  be  the  reference of the  processDataI tem  i ns ide  the  
process  data  image  associated  wi th  a  variable  of the  device  program.  The  reference  i s  set,  i f 
the  physicalDevice  i s  not a  con trol l er.  

The  property phys icalChannel I dRef shal l  be  the  reference  of the  processDataI tem  to  a  
phys icalChannel  of a  device.  
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5.4.24  I tem  processDataInput 

The i tem  processDataI nput i s  a  specia l isation  of processDataI tem  and  shal l  represen t the  data  
fl ow of the  process  data  as  an  i npu t from  the  con trol l ed  process.  

5.4.25  I tem  processDataOutput 

The i tem  processDataOutput i s  a  specia l isation  of processDataI tem  and  shal l  represent the  
data  fl ow of the  process  data  as  an  ou tpu t to  the  con trol l ed  process.  

5.4.26  I tem  parameterI tem  

The i tem  parameterI tem  shal l  represen t a  parameter object commun icated  via  the  
l og icalConnection .  Such  data  objects  are  often  transmi tted  by means  of acycl ic  service  
prim i tives  of the  commun ication  system.  

The  property  parameterI temI d  is  a  GU ID  i ns ide  the  au tomation  system  and  shal l  i denti fy  the  
parameterI tem.  

The  property variableI temI dRef shal l  be  the  reference  to  a  variable  of the  control ler program.  
The  reference  i s  set,  i f the  physicalDevice  i s  a  con trol l er.  

The  property phys icalChannel I dRef shal l  be  the  reference of the  processDataI tem  to  a  
phys ica lChannel  of a  device.  

6 Representation  wi thin  AutomationML 

6.1  Overview of mapping   

6. 1 . 1  In troduction  of mapping  

The  model l i ng  method  for communication  system  model l i ng  wi th in  Au tomationML is  based  on  
the  use  of ded icated  <RoleClass>es  and  < I n terfaceClass>es  as  wel l  as  a  specia l  appl ication  
process.  Th is  method  wi l l  take  up  the  d isti nction  between  appl ication  networks  and  phys ica l  
networks  and  i ts  i n terconnection  as  described  i n  C lauses  4  and  5.   

6. 1 .2  General  mapping  ru les  

For representation  of the  d i fferent en ti ti es  named  i n  C lauses  4  and  5,  the  fol l owing  mapping  
ru les  as  shown  i n  Table  1  wi l l  be  appl i ed .  I t  i s  d is ti ngu ished  i n  what  manner the  semantic  of an  
obj ect  i s  represented  and  a  re lated  en ti ty  i s  model l ed .   
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