
 

IEC PAS 63088 

Edition  1 .0 201 7-03 

PUBLICLY AVAILABLE 
SPECIFICATION 

PRE-STANDARD 

Smart manufacturing – Reference architecture model  industry 4.0 (RAMI4.0) 

 

IE
C
 P

A
S
 6
3
0
8
8
:2
0
1
7
-0
3
(e
n
) 

  

  

® 

 

 

colour
inside

International  Electrotechnical  Commission

 



 

 

  

 TH IS PUBLICATION  IS  COPYRIGHT PROTECTED 

 Copyright © 201 7 IEC,  Geneva,  Switzerland   
 
Al l  rights  reserved.  Un less  otherwise specified ,  no part of th is  publ ication  may be  reproduced  or u ti l ized  in  any form  
or by any means,  electronic or mechanical ,  includ ing  photocopying  and  microfi lm,  wi thout permission  i n  wri ting  from  
ei ther IEC or IEC's member National  Committee i n  the country of the requester.  I f you  have any questions about I EC 
copyright or have an  enqui ry about obtaining  addi tional  rights  to this  publ ication,  please contact the  address below or 
your l ocal  I EC member National  Committee for further information.  

 

IEC Central  Office Tel . :  +41  22  91 9  02  1 1  
3,  rue  de Varembé Fax:  +41  22  91 9 03  00 
CH-1 21 1  Geneva 20 i nfo@iec.ch  
Swi tzerland  www. iec.ch  

 

About the IEC 
The I nternational  E lectrotechnical  Commission  (I EC) is  the  lead ing  g lobal  organization  that prepares  and  publ ishes 
I nternational  Standards for al l  electrical ,  electron ic and  related  technolog ies.  
 

About IEC publ ications   
The technical  content of IEC publ ications is  kept under constant review by the IEC.  Please make sure that you  have the 
latest ed ition,  a corrigenda or an  amendment m ight have been  publ ished.  
 

IEC Catalogue - webstore.iec.ch/catalogue 
The stand-alone appl ication  for consulting the entire 
bibl iographical  information on IEC International  Standards,  
Technical  Specifications,  Technical  Reports and  other 
documents.  Avai lable for PC,  Mac OS,  Android  Tablets and 
iPad.  
 

IEC publications search - www.iec.ch/searchpub 
The advanced search enables to find  IEC publ ications by a 
variety of criteria (reference number,  text,  technical  
committee,…).  I t also gives information on projects,  replaced 
and  withdrawn publ ications.  
 

IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on al l  new IEC publ ications.  Just Publ ished 
detai ls al l  new publ ications released.  Avai lable onl ine and 
also once a month by email.  

Electropedia - www.electropedia.org 
The world's leading onl ine dictionary of electronic and 
electrical  terms containing 20 000 terms and  definitions in 
English and French,  with  equivalent terms in 1 6 additional  
languages.  Also known as the International  Electrotechnical  
Vocabulary (IEV) onl ine.  
 

IEC Glossary - std.iec.ch/glossary 
65 000 electrotechnical  terminology entries in English and  
French extracted from the Terms and  Definitions clause of 
IEC publications issued since 2002.  Some entries have been 
col lected from earl ier publ ications of IEC TC 37,  77,  86 and 
CISPR.  
 

IEC Customer Service Centre - webstore.iec.ch/csc 
I f you wish to give us your feedback on this publ ication or 
need  further assistance,  please contact the Customer Service 
Centre:  csc@iec.ch.  
 

 

International  Electrotechnical  Commission

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC PAS 63088 

Edition  1 .0 201 7-03 

PUBLICLY AVAILABLE 
SPECIFICATION 

PRE-STANDARD  

Smart manufacturing – Reference architecture model  industry 4.0 (RAMI4.0) 

 

 

 

 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION   
ICS 25.040.01 ;  35.080;  35.240.50 

 

ISBN 978-2-8322-4053-3 

 

  

  

® Registered  trademark of the International  Electrotechnical  Commission 

® 

 

   Warning!  Make sure that you  obtained this publication from an authorized distributor.  

 

colour
inside

International  Electrotechnical  Commission

 



 – 2  – I EC PAS  63088:201 7    I EC  201 7  

CONTENTS  

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5  

INTRODUCTION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

1  Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

2  Normative  references  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

3  Terms  and  defin i ti ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

4  Assets  i n  I ndustry 4. 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

4. 1  The obj ect  world  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

4. 2  I n formation  carriers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

4. 3  Assets  and  the  i n formation  world  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

4. 4  Li fe  (“vi ta” )  and  characterization  of an  asset  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

4. 5  Means  by wh ich  an  asset  i s  acti vel y presented ,  or made known,  in  the  
i n formation  system  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

4. 5. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

4. 5. 2  Unknown  assets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4. 5. 3  Anonymousl y known  assets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4. 5. 4  I nd ividual l y known  assets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4. 5. 5  Assets  adm in istered  as  enti ti es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4. 6  State  in  an  asset’s  l i fetime (“vi ta”)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

4. 6. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

4. 6. 2  Type  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

4. 6. 3  I nstance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

4. 7  Communication  capabi l i ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

4. 7. 1  Communication  capabi l i ty of assets  i n  the  phys ical  worl d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

4. 7. 2  Communication  capabi l i ty of assets  i n  the  i n formation  world  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

4. 8  Class i fication  of assets  i n  terms  of presentation  and  commun ication  
capabi l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

4. 9  Representation  by means  of i n formation  and  techn ica l  functional i ty  . . . . . . . . . . . . . . . . . . . . . .  1 9  

5  Reference Arch i tecture  Model  I ndustry 4 . 0  (RAMI4.0) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

5. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

5. 2  Arch i tecture  axis  (“Layers”)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

5. 2. 1  Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

5. 2. 2  Business  l ayer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

5. 2. 3  Functional  l ayer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

5. 2. 4  I n formation  l ayer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

5. 2. 5  Communication  layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

5. 2. 6  I n tegration  l ayer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

5. 2. 7  Asset l ayer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

5. 3  Li fe  cycle  &  value  stream  axis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

5. 4  H ierarchy axis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

6  I ndustry 4 . 0  components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

6. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

6. 1 . 1  Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

6. 1 . 2  Properties  of I 4 . 0  components  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

6. 1 . 3  I denti fi abi l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

6. 1 . 4  State  in  the  l i fetime (“vi ta”)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

6. 1 . 5  Secure  I 4 . 0-compl ian t communication ,  services  and  qual i ty of service  . . . . . . . . . . .  26  

6. 1 . 6  Represen tation  by i n formation  wi th  I 4 . 0-compl iant semantics  . . . . . . . . . . . . . . . . . . . . . . . .  26  

International  Electrotechnical  Commission

 



I EC PAS  63088:201 7    I EC  201 7  – 3  –  

6 . 1 . 7  I 4 . 0  system  consisting  of I 4 . 0  components  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

6. 1 . 8  Nestabi l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

6. 1 . 9  Encapsu labi l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

6. 1 . 1 0  Domain  speci fic  functional i ty and  state  model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

6. 2  Adm in istration  shel l  of I 4 . 0  components  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

6. 2. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

6. 2. 2  Basic  structure  of the  adm in istration  shel l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

6. 2. 3  DF header and  DF  body . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

6. 2. 4  Partia l  models  and  views  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

6. 2. 5  Properties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

6. 2. 6  Manag ing  the  adm in istration  shel l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

6. 2. 7  Fundamenta l  requ irements  for the  adm in istration  shel l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

6. 3  Forms  of I 4 . 0  components  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

6. 3. 1  Differen t assets  wi th  adm in istration  shel ls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

6. 3. 2  Asset wi th  mu l ti p le  adm in istration  shel l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

6. 3. 3  Admin istration  shel l  for mu l tiple  assets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

Bibl i ography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39  

 

F i gu re  1  – Structure  of the  object worlds  wi th  examples  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Figure  2  – Assets  i n  the  i n formation  world  and  thei r phys ica l  carriers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Figure  3  – L i fe  (“vi ta”)  of an  asset  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figure  4  – Concepts  of an  asset  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

Figure  5  – Componen t manager for adm in istering  en ti ti es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Figure  6  – Active  presen tation  of an  asset  i n  the  i n formation  system   and  i ts  
communication  capabi l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

Figure  7  – CP  notation  system  for cl ass i fying  accord ing  to   commun ication  capabi l i ty 
and  presentation  (“publ ici ty” )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

Figure  8  – Reference arch i tecture  model  I ndustry 4. 0  (RAMI4. 0)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

Figure  9  – H ierarch ical  l evels  of RAMI4.0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

Figure  1 0  – An  I 4. 0  component as  a  necessary connection  between  the  asset  and  the  
adm in istration  shel l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

Figure  1 1  – Nestabi l i ty of I 4 . 0  componen ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

Figure  1 2  – Encapsu labi l i ty of I 4 . 0-compl ian t and  determ in istic  real - time  
communication  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

Figure  1 3  – D iagram  of an  I 4 . 0  adm in istration  shel l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

Figure  1 4  – Examples  of domain  speci fic  models  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

Figure  1 5  – D iagram  of how views  are  created  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

Figure  1 6  – Avai lab i l i ty of adm in istration  shel l s  via  reposi tory or d i rectl y via  the  
represented  assets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

Figure  1 7  – D i fferen t assets  that become I 4. 0  components  by add ing  the  adm in istration  
shel l   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

Figure  1 8  – Representation  of an  asset by means  of mu l tip le  adm in istration  shel l s  . . . . . . . . . . . . . . .  37  

Figure  1 9  – Representation  of mu l tip le  assets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

 

  

International  Electrotechnical  Commission

 



 – 4  – I EC PAS  63088:201 7    I EC  201 7  

Table  1  – Basic  views  of a  partial  model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

Table  2  – Property cl asses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

 

  

International  Electrotechnical  Commission

 



I EC PAS  63088:201 7    I EC  201 7  – 5  –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
SMART MANUFACTURING –  

REFERENCE ARCHITECTURE MODEL INDUSTRY 4.0  (RAMI4.0)  
 

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  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 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  National  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 ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ i zation  for S tandard 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 ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  Comm ittees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternati onal  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  national  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 agents  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  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 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti 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.  
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IEC PAS 63088  has  been  processed  by I EC  techn ical  committee  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  commi ttee  

concerned  as  i nd icated  i n  the  fol l owing  
document  

Draft PAS  Report on  voting  

65/645/PAS  65/655/RVDPAS  

 
Fol lowing  publ ication  of th is  PAS,  wh ich  is  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 tia l  maximum  period  of 3  years  starting  from  the  
publ ication  date.  The  va l 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  sha l l  be  publ ished  as  another type  of normative  document,  or 
shal l  be  wi thdrawn .  

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore  prin t  th is  document using  a  
colour printer.  
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INTRODUCTION  

Background  

I ndustry requ ires  constan t atten tion  on  optim ization ,  cost efficiency,  energy efficiency,  
environmenta l  concerns,  q ual i ty,  securi ty,  safety,  t ime-to-market,  i nven tory reduction ,  
s imu lation ,  ease  of main tenance,  etc.  Customers  a lso  want to  satisfy new requ i rements  and  
address  new use  cases  now reachable  g i ven  the  avai l abi l i ty of new technolog ies .  Address ing  
these  chal l enges,  several  projects  i n  d i fferen t coun tries  were  i ssued  wi th  s im i lar names  and  
a ims,  e. g .  i n  Germany “ I ndustrie  4. 0” ,  i n  France  “ I ndustrie  du  Futur” ,  i n  Ch ina  “ I n te l l i gent 
Manufacturing ” ,  i n  J apan  etc.  

Manufacturers,  customers,  service  providers  are  working  i n  a  more  and  more  g lobal  market.  
The  need  of i n teroperabi l i ty of products,  open  i n terfaces,  etc.  can  on l y be  ach ieved  wi th  
I n ternational  Standards.  To  cover these  needs,  I EC and  I SO  have  acti vi ties  re lated  to  Smart 
Manufacturing .  

Objective  

This  speci fication  defines  a  Reference Arch i tectu re  Model  to  identi fy,  s tructure,  and  i l l ustrate  
the  d i fferen t areas  where  s tandards  exist or standards  are  requ ired .  I t  a l l ows  setti ng  
standards  i n  re lation  to  d i fferen t aspects,  h ierarch ies  and  l i fe  cycles.   

L i fe  cycles  are  re levant to  products,  to  assets  i n  the  factory or p l an t,  to  orders  from  plann ing  
to  cash  and  to  the  suppl y chain  covering  the  process  from  source  to  del i very.  

I n  add i tion ,  th is  speci fication  defines  term  and  defin i ti ons  general l y for Smart Manufacturing .  
As  Smart Manufacturing  is  covering  d i fferen t domains  (batch ,  con ti nuous,  d iscrete,  etc. ) ,  
terms  need  to  be  harmon ized  and  g lobal l y accepted .  

The  fundamental  purpose  of I ndustry 4. 0  i s  to  faci l i tate  cooperation  and  col l aboration  between  
techn ica l  obj ects,  wh ich  means  they have  to  be  vi rtua l l y represented  and  connected .  I n  th is  
con text,  a  techn ical  object i s  an  obj ect that i s  of va lue  to  an  organ ization ,  wh ich  therefore  not  
on l y means  physica l l y tang ible  obj ects ,  bu t a lso  in tang ib le  objects  such  as  i deas,  arch ives  
and  software.  The  concept of I ndustry 4. 0  i s  i n tended  to  create  d ig i ta l  description  ru les  for a  
techn ica l  obj ect throughout i ts  en ti re  l i fetime,  and  for the  associated  changes  i n  va lue,  in  the  
form  of the  Reference Arch i tecture  Model  for I ndustry 4. 0  “RAMI4. 0” .  The  purpose  of th is  
model  i s  to  represent the  techn ical  obj ect and  a l l  aspects  re levant to  i t,  from  i ts  development,  
production  and  use  ri gh t through  to  i ts  d isposal .  The  I ndustry 4. 0  component provides  a  d i g i ta l  
description  of the  object,  making  i t  possib le  to  represent that  obj ect vi rtual l y.   

Techn ical  objects  are  i n tentional l y manufactured  in  order to  fu l fi l  a  speci fic purpose.  They 
possess  common  characteristics  i n  terms  of thei r l i fetime and  the  associated  changes  i n  
va lue.  Techn ical  objects  for wh ich  a  “change i n  va lue”  or an  “owner”  are  importan t aspects  are  
a lso  referred  to  as  “ techn ica l  assets” .  Because  th is  i s  a lmost a lways  the  case,  the  terms  
“techn ica l  obj ect”  and  “ techn ical  asset”  can  be  regarded  as  synonymous.  I n  th is  document,  
the  term  “techn ical  asset” ,  or s impl y “asset”  i s  used .  

Th is  document describes  two  fundamental  reference models  for the  I ndustry 4 . 0  concept:  

– The  reference arch i tectu re  model  RAMI4.0  is  a  reference model  of I ndustry 4. 0  reference 
arch i tecture  and  g ives  a  structu red  description  of fundamental  i deas.  See  Clause  5.  

– The  I 4. 0  componen t reference model  provides  d ig i ta l  access  to  th is  description .  See 
Clause  6.  
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The  cen tra l  concept of I ndustry 4. 0  i s  that assets  can  be  combined  i n  any way,  and  these  
assets  are  formal l y described  i n  su fficient deta i l  for use  in  the  d ig i ta l  worl d .  Th is  methodology 
not on l y enables  sufficient  generic  descriptions  of a  configuration ,  bu t through  an  i ncreasing  
degree  of detai l  a lso  a l lows  for very speci fic descriptions.  Th is  i s  a  core  concept regard less  of 
the  way i n  wh ich  the  asset  i s  used .   

To  vi rtua l l y represent configurations  of assets  and  the  connections  between  them ,  the  
“princip le  of recurs ive  description  of assets”  i s  used  to  characterize  an  asset  as  fol lows:   

– the  s tructural  description  is  compl iant wi th  RAMI 4. 0;  

– a  configuration  of two  or more  assets  col l ecti vel y forms  a  new asset,  wh ich  i s  described  
us ing  RAMI4. 0;  

– components  of an  asset can  themselves  represent separate  assets  that are  described  wi th  
RAMI4. 0;  

– the  asset description  is  provided  as  structured  i n formation  i n  the  adm in istration  shel l  of 
the  I 4. 0  component that  acts  as  a  vi rtua l  represen tation  of an  asset.  

Th is  means  that any configuration  can  be  d ig i ta l l y represented  to  any degree  of granu lari ty by 
describ ing  structured  assets ,  and  combinations  thereof,  us ing  RAMI4. 0.  
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SMART MANUFACTURING –  
REFERENCE ARCHITECTURE MODEL INDUSTRY 4.0  (RAMI4.0)  

 
 
 

1  Scope 

This  document,  wh ich  is  a  PAS,  describes  a  reference  arch i tectu re  model  i n  the  form  of a  
cubic l ayer model ,  wh ich  shows techn ical  obj ects  (assets)  i n  the  form  of l ayers ,  and  a l l ows  
them  to  be  described ,  tracked  over thei r en ti re  l i fetime (or “vi ta”)  and  assigned  to  techn ica l  
and /or organ izational  h ierarch ies .  

I t  a lso  describes  the  structure  and  function  of I ndustry 4 . 0  components  as  essential  parts  of 
the  vi rtual  representation  of assets.  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
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 61 360-1 ,  Standard data element types with associated classification scheme for electric 
components – Part 1 :  Definitions – Principles and methods 

IEC 61 360-2,  Standard data element types with associated classification scheme for electric 
components – Part 2: EXPRESS dictionary schema 

IEC TR 62794 1 ,  Industrial-process measurement,  control and automation – Reference model 
for representation of production facilities (digital factory)  

I EC TS  62832-1 ,  Industrial-process measurement,  control and automation – Digital factory 
framework – Part 1 :  General principles 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i tions  apply.  

I SO and  I EC main tain  term inolog ica l  databases  for use  i n  standard ization  at the  fol l owing  
addresses:  

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

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

3. 1   
admin istration  shel l  

vi rtual  d ig i ta l  and  active  representation  of an  I 4. 0  component i n  the  I 4 . 0  system  

Note  1  to  en try:  An  adm in i stration  shel l  con ta ins  the  man i fest  and  the  component manager.  

_____________ 

1  Wi thdrawn .  
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3.2   
arch i tecture  
fundamental  concepts  or properties  of a  system  in  i ts  environment embod ied  i n  i ts  e lements ,  
re lationsh ips ,  and  in  the  princip les  of i ts  design  and  evolu tion  

[SOURCE:  I SO/IEC/IEEE  4201 0: 201 1 ,  3 . 2]  

3.3   
arch ive  world  
al l  the  i n formation  i n  the  d i g i ta l  world  wh ich  i s  no  l onger val i d  or up- to-date  and  wh ich  
therefore  can  no  longer be  changed  

Note  1  to  en try:  I n formation  wh ich  i s  no  l onger val i d  or up-to-date  i s  transferred  to  the  arch i ve  worl d .  

Note  2  to  en try:  No  s tatement  i s  made  on  when  the  i n formation  i s  transferred  from  the  model  worl d  or s tate  worl d  
to  the  arch i ve  worl d .  

3.4   
asset  
object  wh ich  has  a  va lue  for an  organ ization  

3.5   
service  

separate  scope of functions  offered  by an  enti ty or organ ization  via  i n terfaces  

Note  1  to  en try:  Th i s  defi n i ti on  i s  not  the  same as  the  defi n i ti on  of services  by the  OASIS-RM  (“Services  are  the  
mechan ism  by wh ich  needs  and  capabi l i ti es  are  brought together”) .  

3.6   
enti ty 
un iquely i denti fiable  object wh ich  is  adm in istered  i n  the  in formation  world  due  to  i ts  
importance  

3.7   
in formation  world  
d ig i ta l  world  or cyber world  
i deas,  concepts,  a lgori thms,  models  and  en ti rety of representations  of phys ical  obj ects  and  
people  i n  the  vi rtual  envi ronment  

Note  1  to  en try:  The  framework for cons idering  each  en ti rety needs  to  be  defi ned .  

Note  2  to  en try:  The  e l ements  of the  i n formation  worl d  can  be  semantical l y related  to  each  other.   

3.8   
component manager 
organ izer of au tonomous  adm in istration  and  access  to  resources  of the  re levan t I 4 . 0  
component,  such  as  the  I 4 . 0  component i tsel f,  obj ect,  techn ical  functional i ty,  vi rtual  
representation   

Note  1  to  en try:  I n  many documents ,  the  component manager i s  referred  to  as  the  resource  manager,  bu t  th i s  
shou ld  be  cal l ed  the  componen t  manager i n  fu tu re.  

3.9   
man ifest  
external l y access ib le,  defined  set of meta- information  on  the  functional  and  non-functional  
properties  of the  re levan t I 4 . 0  component  

Note  1  to  en try:  The  man i fest  can  be  regarded  as  s im i l ar to  the  man i fest  i n  i n formation  technology.  

3. 1 0   
physical  world  

al l  actual l y existi ng  objects  and  people  
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Note  1  to  en try:  The  real  worl d  i s  the  same as  the  phys ical  worl d .  

Note  2  to  en try:  Loaded  or s tored  software  i s  part  of the  phys ical  worl d .  

Note  3  to  en try:  The  framework for cons idering  each  en ti rety needs  to  be  defi ned .  

3. 1 1   
reference  arch i tecture  
model  for an  arch i tecture  description  (for I 4 . 0)  wh ich  i s  general l y used  and  recogn ized  as  
being  su i table  (has  reference  character)  

Note  1  to  en try:  A reference  arch i tectu re  can  be  defi ned  on  the  bas is  of a  reference  model .  

3. 1 2   
reference  model  
model  that i s  general l y used  and  recogn ized  as  being  su i table  (has  recommendation  
character)  for deriving  speci fic models  

3. 1 3   
value-added  chain  
sequence of processes  that add  value  ( l i near or h ierarch ical ,  wh ich  formal l y means  acycl ical l y 
a l i gned)  

Note  1  to  en try:  Company boundari es  are  not  necessari l y re l evant  for a  va l ue-added  chain  or val ue  chai n .  

3. 1 4  
value-added  system  
network or system  of value-added  chains  that can  i nclude  connections  and  dependencies  
between  them  

3. 1 5   
value-added  process  

process  during  wh ich  a  commod i ty can  be  created  wh ich  is  va luable  for a  customer 

Note  1  to  en try:  The  commod i ty does  not  have  to  be  tang i b l e  (such  as  a  raw materi al  or manufactured  product),  
bu t  can  a l so  be  i n tang ibl e  (such  as  knowl edge,  i n formation  or a  service).  

Note  2  to  en try:  The  determ ination  of the  val ue  or pri ce  i s  not  considered  here.  

Note  3  to  en try:  Va l ue-added  processes  are  val ue  acti vi ti es  accord i ng  to  Porter.  

4 Assets  in  Industry 4.0  

4.1  The object  world  

Figu re  1  shows the  s tructure  of the  obj ect worlds .  I n  the  obj ect world  of I ndustry 4 . 0,  assets  
from  the  i n formation  world  and  the  phys ical  worl d  are  considered .  Besides  these  assets ,  
people  (the  human  world )  a lso  p lay an  importan t part.  The  i n formation  world  i s  d i vided  in to 
the  model  world ,  the  state  world  and  the  arch ive  world .  The  model  world  contains  obj ects  
such  as  meta-documents,  models,  concepts,  techn ical  documentation ,  production  p lans  and  
procedural  descriptions.  The  state  world  describes  the  curren t state.  The  arch ive  world  
con tains  the  recorded  s tate  and  l i fe  cycle  in formation  of processes  that have  taken  p lace.  
These  can  be  production  processes,  development processes,  main tenance  processes  and  so  
on .  

The  phys ical  worl d  i ncludes  a l l  phys ical  products ,  i nsta l lations,  resources,  I T  systems,  l oaded  
programs,  etc.  When  classi fying  software,  i t  shou ld  be  noted  that the  a l gori thm  i tsel f be longs  
to  the  i n formation  world ,  bu t the  executable  program  loaded  to  a  system  is  part of the  phys ical  
worl d .  People  are  part of the  phys ical  world  and  participate  i n  the  i n formation  world .  Because  
of thei r in tel l i gence  and  freedom  to  make decis ions,  human  be ings  have  a  specia l  s tatus.  
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Figure 1  – Structure of the  object worlds  wi th  examples  

4.2  Information  carriers  

Figure  2  shows  examples  of various  carri ers  of i n formation .  A p lan ,  for example,  can  be  
stored  as  an  xm l  or pdf fi le  on  a  compu ter.  I t  can  a lso  be  i ns ide  somebody’s  head  or pri n ted  
ou t on  a  p iece  of paper.  I n  each  case,  the  i n formation  asset “p lan”  i s  the  same.  The  character 
of the  phys ical  carrier does  not a l ter the  i n formation  asset.  I f the  carrier i s  destroyed ,  so  i s  a l l  
the  i n formation  stored  on  i t.  To  prevent i n formation  from  being  lost,  copies  of i t  can  be  made  
on  mu l ti p le  carriers.  However,  they are  a l l  sti l l  the  same asset.  

 

Figure 2  – Assets  in  the  in formation  world  and  thei r physical  carriers  

4.3  Assets  and  the  information  world  

Every asset has  a  va lue  for an  organ ization .  I t  represents  an  artefact that i s  speci fica l l y 
i n tended  to  perform  a  particu lar role  in  a  particu lar system .  Assets  are  i n ten tional l y 
manufactured  in  order to  fu l fi l  a  speci fic  purpose.  They possess  a  common  “vi ta” ,  or l i fetime,  
and  the  associated  change  i n  va lue.  See  F igure  3 .  Assets  for wh ich  a  “change  i n  value”  or an  
“owner”  are  importan t aspects  are  a lso  referred  to  as  “ techn ical  assets” .  

The key task in  I ndustry 4. 0  i s  to  take  techn ica l  assets  from  the  phys ical  worl d  and  vi rtua l l y 
represent them  i n  the  i n formation  world .  The  physical  world  i s  to  be  understood  to  mean  the  
en ti rety of a l l  real  assets  and  people.  
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The  fol l owing  appl ies  to  every asset.  

– The  asset i s  des igned ,  created ,  used  and  d isposed  of.  

– The  asset can  be  an  i dea,  a  software  program,  an  arch ive,  a  service  or any phys ical  i tem  
( i n  other words  i t  does  not have  to  exist  i n  a  phys ica l  form).  

– The  asset has  a  l i fetime.  

– The  asset i s  clearl y i den ti fiable .  

– The  asset i s  represented  i n  the  vi rtual  world  by i ts  adm in istration  shel l .  

– The  asset can  have  mu l tip le  vi rtual  representations  speci fi ed  accord ing  to  the  ru les  of 
I ndustry 4 . 0  for d i fferen t purposes.  

– Assets  can  be  combined  to  create  new assets  wi th  d i fferen t properties .  

– The  asset i s  characterized  i n  a  process  by means  of t ime,  l ocation  and  s tate.  

– Each  p iece  of in formation  has  a  carrier.  

– The  asset’s  characteristi cs  are  described  using  I ndustry 4 . 0  vocabu lary that incl udes  a  
col lection  of terms  wh ich  describe  properties.  

EXAMPLE:  Assets  i n  the  con text of I n dustry 4 . 0  are  whol e  i nstal l ati ons  or parts  thereof,  e l ectron ic  modu les,  
subsystems  and  systems,  mach inery,  p l an ts  and  networks,  services,  concepts  and  i d eas,  p l ans,  arch i ves  and  
programs.  

 

Figure 3  – Li fe  (“vi ta” )  of an  asset  

4.4  Li fe  (“vi ta” )  and  characterization  of an  asset  

Each  asset has  a  speci fic  l i fetime,  during  wh ich  i t  serves  the  purpose  for wh ich  i t  was  
speci fica l l y created  (see  F igure  3).  The  way i t  i s  created  depends  on  the  type  of asset.  
Creation  can  mean  development (of a  type),  eng ineering  (of a  p l an t) ,  measurement (of a  
status) ,  construction  (of an  insta l lation)  or production  (of a  product) .  I n  th is  context,  these  are  
a l l  creation  processes.  Once  an  asset i s  created ,  i t  exists,  bu t i t  i s  not yet ready to  use.  The  
provis ion  phase  i ncludes  a l l  processes  between  the  time the  product i s  created  and  the  time i t  
i s  ready and  working  at  the  p lace  of use.  Provis ion  processes  include  sh ipping ,  transport,  
warehousing ,  configuration  and  assembly,  and  for software  assets,  processes  such  as  
re lease,  down load ing  and  i nsta l lation .  After provision ,  the  asset i s  instal led  and  ready to  use  
on  s i te,  i n  other words,  i t  i s  ready to  perform  i ts  i n tended  role  as  a  techn ical  device.  I n  the  
subsequent phase,  two  d i fferent uses  of the  asset sha l l  be  taken  i n to  account:  usage  and  
maintenance.  When  being  used ,  the  asset i s  part  of the  techn ica l  system  for carrying  ou t the  
desi red  techn ical  (production  or usage)  processes.  During  main tenance,  the  asset i s  sti l l  a  
product whose  functional i ty shal l  be  mainta ined  or restored .  Main tenance can  be  carried  ou t 
by the  user,  by an  external  workshop or by the  manufacturer.  The  work can  take  p lace  on  s i te ,  
by remote  maintenance  or (for example  after i t  i s  removed)  at a  workshop.  Certain  
main tenance procedures  can  be  regarded  as  a  l oop,  i nvolving  a  renewed  manufacturing  
phase  and  recommission ing ,  wh i le  others  are  s imply a  change of s tatus  of the  asset i n  use.  

IEC  6.  Repai r  5.  Ma in tenance  

7.  D i sposal  

4.  Usage  

3.  Provi s ion  

2.  Production  

1 .  Commission ing  

International  Electrotechnical  Commission

 



 – 1 4  – I EC PAS  63088:201 7    I EC  201 7  

As  regards  the  i n formation  world ,  an  asset can  be  characterized  as  shown  i n  F igure  4 .  I t:  

– i s  presented ,  or made  known ,  i n  a  certa in  way ( i . e .  i s  known  or not known  to  a  certa in  
degree);  

– has  a  speci fic s tate  wi th in  i ts  l i fe  (at l east a  type  or i nstance);  

– has  communication  capabi l i ty;  

– i s  represented  by means  of in formation  (data);  

– has  techn ical  functional i ty.  

 

Figure 4 – Concepts  of an  asset  

4.5  Means  by which  an  asset i s  actively presented ,  or made known,  in  the  in formation  
system   

4.5. 1  General   

An  asset exists  in  i tsel f and  has  a  speci fic l i fetime.  Th is  i s  true  for a l l  types  of asset.  I n i ti al l y,  
however,  the  existence  of the  physical  asset,  i ts  i den ti ty,  state  and  l i fetime  (“vi ta”)  are  not 
known  i n  the  in formation  system .  One of the  most importan t questions  of system  design  i s  
whether and  to  what  exten t th is  i n formation  is  made  known  to  the  i n formation  system ,  and  
how much  of that i n formation  is  presen ted  in  the  system .  

An  asset in  the  i n formation  world  i s  a t the  very l east known  in  i ts  own  i n formation  system .  I f 
i n formation  on  phys ical  assets  is  conta ined  wi th in  the  i n formation  system ,  then  the  
adm in istration  objects  that manage the  asset  need  to  be  created  and  suppl ied  wi th  
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i n formation .  An  asset can  be  classi fied  as  fol lows,  depend ing  on  the  amoun t of in formation  
avai l able  i n  the  in formation  system :  

– unknown;  

– anonymousl y known;  

– i nd ividual l y known;  

– adm in istered  as  an  enti ty.  

4.5.2  Unknown  assets  

An  unknown  asset  i s  one  that i s  not known  i n  the  i n formation  world .   

4.5.3  Anonymously known  assets   

An  anonymousl y,  not i nd ividual l y known  asset i s  one  wh ich  can  on l y be  recogn ized  i n  the  
i n formation  world  as  an  asset  of a  particu lar type  at a  particu lar p lace.  

EXAMPLE:  A screw i s  i n  a  box wi th  other screws.  Even  i f the  number of screws  i n  the  box i s  known ,  no  i nd i vi dual  
properties  can  be  assigned  to  any of the  screws  other than  the  general  ones  common  to  that  type.  I f an  asset that  
i s  not  i n d i vi dual l y i denti fi abl e  i s  i ncl uded  i n  a  system ,  then  i t  can  be  i n d i rectl y i denti fi ed  by means  of i ts  l ocation .  I f 
a  screw i s  i nstal l ed  i n  a  p l an t,  then  i t  can  be  determ ined  that  precisel y that  screw i nstal l ed  at  that  parti cu l ar 
l ocation  i s  rusty and  has  to  be  repl aced .  However,  th i s  i s  on l y true  as  l ong  as  the  screw i s  i nsta l l ed .  Once  i t  i s  
removed ,  i t  ends  up  i n  the  scrap  bucket and  can  no  l onger be  i denti fi ed .  The  same goes  for products  such  as  
punched  parts .  Du ri ng  the  punch ing  process,  i t  i s  possib le  to  i denti fy wh ich  punched  part  i s  i n  wh ich  section  of the  
matri x.  After i t  i s  d i scharged ,  the  part  i s  no  l onger i nd i vi dual l y i den ti fi abl e,  bu t  the  i n formation  system  sti l l  knows  
that  th i s  punched  part  exi sts  and  i s  i n  the  d i scharge  con tai ner.   

4.5.4  Ind ividual ly known  assets   

An  i nd ividual l y known  asset i s  unambiguous l y i denti fi ab le .  I t  has  a  un ique  name that i s  known  
i n  the  i n formation  world .  The  system  has  an  identi fication  method  wi th  wh ich  the  asset can  be  
i denti fied  i n  the  phys ica l  worl d  and  assigned  to  the  name object.   

NOTE  Here  i t  i s  i rre l evant  wh ich  technology i s  used  for i den ti fi cation :  i t  can  be  an  I D  code  phys ical l y attached  to  
the  asset  (nameplate  wi th  serial  n umber,  barcode,  RFID,  etc. ) ,  an  anal ys i s  of characteri s ti c  phys ical  properti es  
(fi ngerpri n t  etc. )  or a  determ in i sti c  and  systematic  tracking  s trategy i n  the  system  (coi l ,  batch ,  etc. ).  I n  each  case,  
the  detected  asset can  be  assi gned  unambiguously to  the  name  object  i n  the  i n formation  worl d .   

4.5.5  Assets  admin istered  as  enti ties   

An  enti ty i s  an  unambiguous l y i denti fi ab le  asset wh ich ,  due  to  i ts  importance,  i s  adm in istered  
i n  the  i n formation  world .  

En ti ti es  are  assets  that possess  objects  of thei r own  so  that they can  be  adm in istered  and  
used ,  i n  other words  they are  represented  by i n formation .   

Thei r representation  by i n formation  means  that data  on  the  asset i s  kept.  Th is  data  can  be  
kept ei ther on  or i n  the  re levant I 4 . 0  component (as  described  i n  Cause  6)  and  can  be  made 
avai l ab le  to  the  ou ts ide  world  us ing  I 4 . 0-compl iant communication .  Al ternative l y,  the  data  can  
be  kept on  a  (h i gher- level )  I T  system  that makes  i t  ava i lab le  to  the  ou tside  world  by means  of 
I 4 . 0-compl iant communication .  

I 4 . 0-compl ian t commun ication  shal l  take  p lace  i n  such  a  way that i t  i s  possible  to  access  the  
i n formation  of a  represen tation  of the  re levant  I 4 . 0  componen t e i ther i n  the  asset i tse l f or i n  a  
(h igher- level )  I T  system .  

The  functional i ty thus  avai l able  i n  the  in formation  system  goes  far beyond  mere  i den ti fication .  
I t  i ncl udes  functions  for purposes  such  as  tracking  assets,  record ing  l i fetime  data,  operational  
management of the  company’s  own  production  process,  and  au tomated  mon i toring  and  qual i ty 
assurance.  I f the  adm in istration  functions  are  encapsu lated  i n  a  functional  un i t  and  carry ou t  
thei r tasks  proactivel y,  the  functional  u n i t  i s  known  as  a  component manager (see  F igure  5) .  
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Whether or not an  asset i s  regarded  as  an  enti ty i s  a  des ign  decis ion  i n  each  i nd i vidual  case.  
As  shown  i n  F igure  5,  en ti ties  cannot on l y be  assets  i n  the  physical  world ,  bu t a lso  assets  i n  
the  i n formation  world .   

EXAMPLE:  The  l i fetime  of a  radar probe  i s  documented  on  the  l eft  of F i gu re  5.  The  radar probe  i s  regarded  as  an  
en ti ty and  i s  g i ven  i ts  own  component  manager.  The  example  on  the  ri gh t  d ocuments  the  l i fetime  (creati on ,  re l ease  
and  main tenance  processes)  of a  d i agram  (P&ID).  The  P&ID  becomes  an  en ti ty and  i s  a l so  g i ven  i ts  own  
component manager.  I n  the  model  used  here,  the  asset i tsel f i s  conceptual l y separate  from  i ts  adm in i stration .  

 

 

Figure 5  – Component  manager for admin istering  enti ties  

4.6  State  in  an  asset’ s  l i fetime  (“vi ta” )  

4.6. 1  General   

Throughou t i ts  l i fetime,  an  asset has  a  particu lar state  at  a  particu lar time at a  particu lar 
l ocation .  Th is  state  can  be  described  more  precisel y us ing  add i ti onal  i n formation .  When  
observing  an  asset,  a  d i sti nction  i s  made between  type  and  instance.  Depend ing  on  how the  
asset i s  used  i n  the  va lue-added  chain ,  the  properties  and  s tate  of i ts  type  or of i ts  speci fic 
i nstance  are  relevant.  Both  types  and  i nd ividual  instances  are  subj ect to  usage  and  
maintenance.  

4.6.2  Type  

The type  of an  asset defines  the  sum  of the  properties  wh ich  are  characteristic for a l l  
i nstances  of that particu lar asset.  The  type  of an  asset i s  unambiguous l y i den ti fiable  and  
arises  wi th  the  i n i ti a l  i dea,  i n  other words  when  i t  i s  created ,  e. g .  during  the  development 
phase.  Th is  means,  for example,  ordering ,  development and  testi ng ,  ri ght  up  to  the  i n i tia l  
sample  and  prototype  production .  Once a l l  tests  requ i red  for val i dation  are  completed ,  the  
type  i s  re leased  for series  production ,  wh ich  means  that i nstances  of that type  can  be  
produced .  

4. 6.3  Instance  

An  i nstance  is  a  speci fic,  unambiguous ly identi fi able  asset that i s  characterized  by the  
properties  of a  type.  An  i nstance  a lways  has  an  unambiguousl y re lationsh ip  to  i ts  type.  

For a  phys ical  asset,  concrete  assets  are  created  i n  production  on  the  basis  of the  type.  Each  
manufactured  asset represents  an  i nstance  of a  type  and  can  be  u ti l i zed .  The  i nstances  can  
be  sold ,  de l i vered  to  customers,  used  by customers  and  mainta ined .  
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For an  asset i n  the  i n formation  world ,  i nstances  are  created  on  the  bas is  of the  type,  for 
example  by a l locating  and  i n i tia l is ing  data  structures,  wh ich  are  used ,  mod i fied  and  l ater 
re leased  again .  

4.7  Commun ication  capabi l i ty 

4.7. 1  Commun ication  capabi l i ty of assets  in  the  physical  world  

4.7. 1 . 1  General   

Assets  i n  the  phys ical  world  can  have  a  physical  appl ication  (e. g .  a  pipe,  or a  cable),  can  
function  as  i n formation  carriers  (e . g .  a  server)  or do  both  together (e. g .  an  “ in tel l i gen t”  fi e l d  
device).  Because  they carry i n formation ,  assets  in  the  phys ical  worl d  shal l  be  i n tegrated  i n  the  
technolog ical  i n formation  network of a  system  for communication  pu rposes.  Commun ication  
capabi l i ty a lways  refers  to  the  abi l i ty to  commun icate  us ing  d i g i tal  commun ication  systems 
(such  as  fi e l d  bus  or TCP/I P  communication) .  

Assets  can  be  p laced  i n  the  fol lowing  categories  accord ing  to  the ir commun ication  capabi l i ty:   

– assets  wi thou t commun ication  capabi l i ty;  

– assets  wi th  pass ive  communication  capabi l i ty;  

– assets  wi th  acti ve  commun ication  capabi l i ty (bas ic component);  

– assets  wi th  I 4 . 0-compl ian t communication  capabi l i ty ( I 4 . 0  componen t).  

4.7. 1 .2  Assets  wi thout  communication  capabi l i ty  

A physical  asset has  no  communication  capabi l i ty i f i t  e i ther has  no  functional i ty as  an  
i n formation  carrier at a l l  (such  as  screw,  cable  or tank)  or i f i t  has  i n formation  carrier 
functional i ty bu t no  d i g i ta l  i n terface  (such  as  a  conventional  wash ing  mach ine  or a  4-20  mA 
fie ld  device  wi thou t HART).  

4.7. 1 .3  Assets  wi th  passive  commun ication  capabi l i ty   

I f an  asset has  an  i n formation  carrier wh ich  can  be  read  via  i n terfaces,  i t  has  pass ive  
communication  capabi l i ty.  The  i n formation  carrier i tsel f i s  passive,  bu t a l l ows  i ts  data  to  be  
read  and  the  asset to  be  i denti fied ,  for example  (RFID,  barcode,  etc. ) .   

4.7. 1 .4  Assets  wi th  active  communication  capabi l i ty (basic components)  

A phys ical  asset that i s  capable  of acti ve l y taking  part i n  network commun ication  is  regarded  
as  a  bas ic  component i n  terms  of d ig i tal  communication .  I t  acti ve l y i den ti fi es  i tsel f on  making  
con tact  wi th  the  network and  l ogs  i n  to  participate  i n  communication .  

4.7. 1 .5  Assets  wi th  I4.0-compl iant communication  capabi l i ty ( I4.0  components)  

An  asset that has  a l l  the  capabi l i ti es  of an  I 4 . 0  service  system  user is  known  as  an  I 4 . 0  
component due  to  i ts  specia l  ro le  i n  the  I 4 . 0  system .  I 4. 0  components  whose software  and  
hardware  form  a  un i t  are  cal led  au tonomous  I 4. 0  components .  

For an  I 4. 0  component to  be  ab le  to  provide  in formation ,  i t  shal l  at l east have  a  connection  to  
the  asset via  an  i n formation  system .  Th is  means  that pass ive  communication  capabi l i ty i s  a  
m in imum  prerequ is i te .  To  a lso  be  able  to  in tegrate  an  asset that i s  pass ivel y or acti ve l y 
capable  of commun ication ,  bu t not I 4 . 0-compl ian t,  a  h igher- level  I T  system  can  be  used  as  
proxy for I 4 . 0-compl ian t communication  based  on  a  service-oriented  arch i tecture  (SOA).  

EXAMPLE:  I n  th i s  way,  an  i den ti fi able  term inal  b l ock can  become an  I 4 . 0  component.   
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4.7.2  Commun ication  capabi l i ty of assets  in  the  in formation  world   

4.7.2 .1  General   

I n  add i ti on  to  the  physical  componen ts,  assets  from  the  i n formation  world  can  a lso  be  
classi fied  accord ing  to  the  same scheme.   

4.7.2 .2  Assets  wi thout communication  capabi l i ty  

The data  carrier i s  not  capable  of commun ication .  Al l  the  data  on  i t  i s  not capable  of 
communication .  

EXAMPLE:  Physical  n ameplate  of a  device,  P&ID  i n formation  as  paper pri n tou t.   

4.7.2 .3  Assets  wi th  passive  communication  capabi l i ty 

The asset does  not commun icate  acti vel y.  However,  the  data  i s  stored  on  the  carrier i n  a  form  
that  can  be  read  (and  possibl y wri tten)  i n  the  system .  

4.7.2 .4  Assets  wi th  active communication  capabi l i ty  

The data  is  adm in istered  i n  an  acti ve  software  component.  The  software  component i s  ab le  to  
acti vel y take  part i n  system  communication .  The  software  component i den ti fi es  i tse l f when  
acti vated  and  l ogs  i n  to  participate  i n  the  exchange of i n formation  i n  the  system .  

4.7.2 .5  Assets  wi th  I4.0-compl iant communication  capabi l i ty ( I4.0  components)  

An  I 4. 0  component wh ich  represents  an  asset  has  a l l  the  capabi l i ties  of an  I 4 . 0  service  
system  user.  Un l ike  an  I 4 . 0  componen t represen ting  an  asset from  the  phys ica l  world ,  th is  
kind  of I 4 . 0  component represents  an  I 4 . 0  software  component.  

NOTE  Both  4 . 7. 1 . 5  and  4 . 7. 2 . 5  descri be  I 4 . 0  components.  

4.8  Classi fication  of assets  in  terms  of presentation  and  communication  capabi l i ty 

The means  by wh ich  an  object i s  adm in istered  i n  the  i n formation  system ,  and  thus  i ts  
presentation ,  or “publ ici ty” ,  i n  that system ,  are  i ndependent of i ts  commun ication  capabi l i ty.  
Th is  means  that an  important  un i t  i n  the  system ,  for example  an  eng ine,  can  be  adm in istered  
as  an  enti ty,  even  i f i t  i s  en ti re l y i ncapable  of commun ication .  I t  shal l  then  be  tracked  and  i ts  
state  recorded  us ing  external  measurement and  i den ti fication  systems  or by human  beings  i n  
person .  

NOTE  1  I n  order to  adm in i ster an  en ti ty i t  i s  usefu l  i f the  en ti ty asset  i s  at  l east  capable  of passive  commun ication  
(for example  us ing  s i gnal  i n terfaces  or RFI D),  bu t  th i s  i s  not  a  prerequ is i te.  

Figure  6  i l l ustrates  the  class i fication  system .  The  adm in istration  class  of each  obj ect – i . e .  i ts  
presentation ,  or “publ ici ty” ,  i n  the  i n formation  system  – can  be  freel y chosen  and  is  a  des ign  
decis ion .  

Commun ication  capabi l i ty i s  usefu l ,  bu t not  essen tia l ,  for adm in istering  the  object.  Conversel y 
however,  a  particu lar communication  capabi l i ty requ ires  that the  ob ject be  sufficien tl y 
i denti fiable ,  i n  other words  i t  has  to  be  sufficien tl y known,  i n  the  i n formation  system .  
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Figure 6  – Active  presentation  of an  asset in  the  information  system  
 and  i ts  communication  capabi l i ty  

Because of the  importance  of an  obj ect’s  communication  capabi l i ty and  presen tation ,  or 
“publ ici ty” ,  i ts  ass ignment to  a  certa in  cl ass  can  be  expressed  us ing  “CP”  and  a  number.  CP 
stands  for “Commun ication”  and  “Presentation” .  Th is  type  of notation  i s  s im i lar to  such  widel y 
used  notation  systems as  that for I P  protection  classes.  F i gure  7  i l l ustrates  the  CP notation  
system .  

EXAMPLE:  CP33  denotes  an  i nd i vi dual l y known  component  capable  of acti ve  commun ication ,  for example  a  
cl assical  fi e l d  device  wi th  a  fi e l d  bus  connection .  The  CP  cl ass  for a  securi ty con tainer wh i ch  i s  mon i tored  
th roughout  i ts  l i fe  bu t  i s  not  capabl e  of any ki nd  of commun ication  wou ld  be  CP1 4.  

NOTE  2  Accord i ng  to  the  system  shown  i n  F i gure  7 ,  an  I 4 . 0  component  i s  e i ther a  CP24,  CP34  or CP44  
component.  

 

Figure 7  – CP  notation  system  for classifying  accord ing  to   
communication  capabi l i ty and  presentation  (“publ ici ty” )  

I n  order to  ass ign  data  and  functions  to  an  asset,  i t  has  to  exist  as  an  en ti ty.  

NOTE  3  Software,  wh ich  i n  the  conventional  sense  can  be  del i vered  both  phys ica l l y  and  non-physical l y,  i s  a l so  an  
asset.  I deas,  arch i ves  and  concepts  are  a l so  assets  i n  th i s  sense.  

NOTE  4  Because  the  pu rpose  of an  I 4 . 0 -compl ian t  asset i s  to  provi de  data  and  functions  wi th i n  an  i n formation  
system ,  i nd ivi dual l y known  assets  are  en ti ti es  by the i r very natu re.  

4.9  Representation  by means  of information  and  techn ical  functional i ty 

Representation  by means  of in formation  encompasses  a l l  data  and  properties  wh ich  
characterize  an  associated  asset or represent importan t i n formation  for other assets.  

The  functions  of an  asset represent i ts  actual  “ techn ica l ”  functional i ty.  
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5 Reference Archi tecture  Model  Industry 4.0  (RAMI4.0)   

5.1  General   

The reference  arch i tectu re  model  I ndustry 4. 0  (RAMI4. 0)  provides  a  structured  view of the  
main  elements  of an  asset us ing  a  level  model  consisti ng  of three  axes,  as  shown  i n  F igu re  8 .  
Complex i n terrelationsh ips  can  thus  be  broken  down  i n to  smal l er,  more  manageable  sections  
by combin ing  a l l  three  axes  at  each  poin t i n  the  asset’s  l i fe  to  represen t each  re levant aspect.  

The  three  axes  are:  

– the  arch i tectu re  axis  (“Layers”),  wi th  s ix layers  to  represent the  i n formation  that i s  re levant 
to  the  ro le  of the  asset;  

– the  “Li fe  cycle  & value  s tream”  axis  to  represen t the  l i fetime  of an  asset and  the  value-
added  process,  based  on  I EC  62890;  

– the  “H ierarchy levels”  axi s  for ass ign ing  functional  models  to  speci fic l evels ,  based  on  the  
I EC 62264-1  and  I EC 61 51 2-1  s tandards.  

The  a im  of the  reference  arch i tecture  model  I ndustry 4. 0  (RAMI4. 0)  i s  to  describe  assets  and  
combinations  of assets  wi th  sufficien t precision .  

The  description  i n  RAMI4.0  i s  a  purel y l og ica l  one .  The  actual  implementation  can  be  d i fferent  
from  the  l og ica l  description .  For example,  an  MES function  for a  mach ine  i s  l og ical l y 
described  on  the  h ierarch ica l  level  “Work centres” .  However,  when  i t  i s  implemented ,  th is  
function  m ight  be  implemented  in  the  h ierarch ica l  l evel  “Station” .  

Securi ty i s  an  elementary aspect of RAMI4. 0  and  shal l  a lways  be  i ncluded  i n  the  description  
of each  section  of the  three  axes.  

 

Figure 8  – Reference arch i tecture model  Industry 4.0  (RAM I4.0)  
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5.2  Arch itecture axis  (“Layers”)  

5.2. 1  Overview  

The vertica l  axis  describes  the  arch i tecture  i n  terms  of properties  and  system  structures  wi th  
thei r functions  and  function -speci fic data  i n  the  form  of l ayers .  

The  s ix arch i tectural  l ayers  are  used  on  the  vertical  axis  to  describe  the  structu ral  properties  
of an  asset or combination  of assets:  

– bus iness;  

– functional ;  

– i n formation ;  

– communication ;  

– i n tegration ;  

– asset.  

Layers  do  not  a lways  have  to  have  content.  

There  is  a  l oose  connection  between  the  layers .  I n teractions  may on l y take  p lace  between  two  
ad j acen t l ayers  or wi th in  a  l ayer.  Layers  are  never skipped .  I n teractions  may be  passed  
through.  

5.2.2  Business  l ayer 

The  “Business”  l ayer describes  the  commercial  view.  Th is  i ncludes:  

– general  organ izational  boundary cond i ti ons  (such  as  order commission ing ,  general  
ordering  cond i ti ons  or regu latory provis ions) ;  

– monetary cond i tions  (price,  avai lab i l i ty of resources,  d iscounts,  etc. ) ;  

– ensuring  the  i n tegri ty of functions  i n  the  value-added  chain ;  

– model l i ng  ru les  that  the  I 4. 0  system  shal l  fo l l ow;  

– mapping  bus iness  models  and  the  resu l ti ng  business  processes;  

– general  l egal  and  regu latory cond i ti ons;  

– orchestration  of services  on  the  “Functional ”  l ayer;  

– l inks  between  d i fferen t business  processes;  

– receipt  of events  i n  order for a  business  process  to  go  to  the  next s tage.  

NOTE  The  functional i ty of the  “Bus iness”  l ayer i s  not  re l ated  to  speci fi c  sol u ti ons,  such  as  Enterpri se  Resource  
P lann i ng  (ERP).  ERP  functions  are  typical l y ass igned  to  the  “Functional ”  l ayer.  

5.2.3  Functional  l ayer 

The “Functional ”  l ayer describes  ( l og ica l )  functions  of an  asset (techn ical  functional i ty)  wi th  
regard  to  i ts  role  in  the  I ndustry 4 . 0  system .   

These  include  the:  

– formal ,  d ig i ta l  description  of functions;  

– p latform  for hori zon tal  i n tegration  of d i fferent functions;  

– run time and  model l ing  environment for services  and  business  processes;  

– run time environment for appl ications  and  techn ical  functional i ty.  
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5.2.4  Information  l ayer 

The “ I n formation”  l ayer describes  the  data  that i s  used ,  generated  or mod i fied  by the  techn ical  
functional i ty of the  asset.  

Th is  i ncludes  the:  

– run time  envi ronment for (pre-)processing  the  even t;  

– execu tion  of ru les;  

– formal  description  of models  and  ru les;  

– pers isting  of data  represented  by the  models;  

– ensuring  the  i n tegri ty of data;  

– cons isten t i n tegration  of d i fferent data;  

– acqu iring  new,  h igher qual i ty data  (data,  i n formation ,  knowledge);  

– provid ing  structured  data  via  service  i n terfaces;  

– receiving  even ts  and  transform ing  them  in to  a  su i table  form  for the  data  avai lab le  to  the  
functional  l ayer;  

– con text pre-process ing .  

NOTE  Context  pre-process ing  i s ,  for example,  when  one  or more  events  have  ru les  appl i ed  to  them  to  generate  
one  or more  other even ts  wh ich  then  i n i ti ate  processing  i n  the  functional  l ayer.   

5.2.5  Communication  l ayer 

The “Commun ication”  l ayer describes  I ndustry 4. 0-compl iant access  to  in formation  and  
functions  of a  connected  asset by other assets .  I n  other words,  i t  describes  wh ich  data  is  
used ,  where  i t  i s  used  and  when  i t  i s  d istributed .   

NOTE  1  Curren t fi e l d  buses,  RFID,  QR codes,  etc.  are  not  part  of the  “Commun ication”  l ayer,  bu t  part  of the  
“ I n teg rati on ”  l ayer.  

NOTE  2  The  transferred  i n formation  and  functions  are  not  on l y of essenti a l  importance  du ri ng  thei r (operati onal )  
u ti l i zation ,  bu t  a l so  i n  a l l  other phases  of the  asset’ s  l i fetime.   

EXAMPLE:   

– Standard i zed  I 4 . 0  commun ication  us ing  a  u n i form  data  format;  

– Provid i ng  services,  for example  as  i n formation  functions  based  on  a  service-orien ted  arch i tectu re  (SOA).  

5.2.6  In tegration  l ayer 

The “ I n tegration”  l ayer represents  the  trans i ti on  from  the  physical  world  to  the  i n formation  
world .  I t  describes  the  i n frastructure  that exists  i n  order to  implement a  function  (resource).  
Th is  l ayer i s  where  the  properties  and  process-related  functions  that make  the  asset usabl e  
for i ts  i n tended  purpose  are  stored .  

NOTE  The  advantage  of s tructuri ng  i n  the  asset  l ayer and  the  i n tegration  l ayer i s  that  i n  the  h i gher l ayers  i t  d oes  
not  matter whether a  subfuncti on  i s  carried  ou t  i n  the  phys ical  worl d ,  i . e.  phys ical l y i n  the  i n teg rati on  l ayer,  or i n  
the  form  of software,  i n  other words  as  a  program  i n  the  functi onal  l ayer.  

The con ten t of the  i n tegration  layer includes:  

– provid ing  the  representation  of the  actual  resource  of an  asset by means  of in formation  on  
assets,  phys ical  objects,  hardware,  documents,  software/fi rmware,  etc. ;  

– describ ing  the  techn ical  e l ements ,  such  as  RFID  readers,  sensors,  human -mach ine  
i n terfaces  (HM I )  and  s i gnal  converters ;  

– computer-a ided  control  of techn ical  (sub)processes;  

– generati ng  events  from  real  assets;  

– a  human-mach ine  i n terface  (HMI ) .  
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Each  important even t i n  the  real  worl d  generates  an  even t i n  the  vi rtual  world ,  i n  other words  
i n  the  i n tegration  layer and  possib l y h i gher l ayers  too.  I f real i ty changes  i n  the  phys ica l  worl d ,  
th is  event  i s  reported  to  the  in tegration  l ayer.  

Relevant events  can  therefore  trigger events  i n  the  i n formation  l ayer and  h i gher l ayers  via  the  
communication  l ayer.  

5.2.7  Asset layer 

The “Asset”  l ayer represents  real i ty,  i . e.  the  asset that actual l y exists  i n  the  phys ica l  worl d .  I t  
i s  the  materia l  real i ty wh ich  is  vi rtua l l y represen ted  i n  the  l ayers  above  i t.  

For every re levant i tem  i n  the  “Asset”  l ayer,  an  i tem  shal l  exist  in  the  h i gher-level  l ayers  of the  
d ig i ta l  worl d .  However,  not every re levant i tem  in  the  d i g i ta l  world  has  a  correspond ing  i tem  in  
the  “Asset”  l ayer.   

EXAMPLE:  A re levant  property of an  exi stent  mach ine  part  appears  as  a  representation  i n  the  “ I n tegration”  l ayer.  I f 
the  mach ine  part  i s  scrapped ,  i t  d i sappears  from  the  physical  worl d ,  bu t  remains,  for example,  as  a  p l an  i n  the  
arch i ves  i n  the  i n formation  worl d  of the  “ I n tegration ”  l ayer or the  “ I n formation ”  l ayer.  

The “Asset”  layer represents  

– the  phys ical  worl d ,  that  i s  a l l  real ,  existing  assets  as  defined  by I ndustry 4 . 0  and  by 
humans,  e. g .  phys ica l  e lements  such  as  l i near axes  and  sheet metal  parts ,  services,  
documents,  ci rcu i t  d iagrams,  ideas  and  arch ives,  

– the  i n terface  between  humans  and  the  i n formation  world ,  and  

– the  connection  of the  assets  to  the  “ I n tegration”  l ayer.  

Mu l tip le  assets  described  accord ing  to  RAMI 4. 0  i n  the  “Asset”  layer can  be  combined  to  form  
a  more  complex asset.  For th is ,  a l l  the  i nd ividual  assets  and  the  new,  more  complex asset 
shal l  be  described  accord ing  to  the  ru les  of the  reference  arch i tectu re  model .  

5.3  Li fe  cycle  & value  stream  axis  

The “L i fe  cycle  & value  s tream”  axis  i s  used  to  describe  an  asset at a  parti cu lar poin t i n  time  
during  i ts  l i fetime,  from  i ts  production  and  value-added  use  ri gh t up  to  i ts  d i sposal .   

On  th is  axis ,  the  asset i s  characterized  by i ts  s tate  at a  particu lar time at  a  particu l ar l ocation .  

5.4 H ierarchy axis  

The “H ierarchy”  axis  i s  based  on  the  reference arch i tecture  model  for a  factory a long  the  l i nes  
of I EC 62264-1  and  I EC 61 51 2-1 ,  the  standards  for i n tegrating  en terprise  I T  and  con trol  
systems.  To  ensure  a  consisten t consideration  across  as  many sectors  as  poss ib le  from  
factory au tomation  to  the  process  i ndustry,  the  terms  “en terprise” ,  “work cen tres” ,  “s tation”  
and  “con trol  device”  have  been  taken  from  the  above-mentioned  standards  (see  F igure  9) .  
The  fo l lowing  h ierarchy l evels  have  been  mod i fied  and  supplemented  to  reflect  the  needs  of 
I ndustry 4 . 0 :  

– “Connected  world ”  describes  the  re lationsh ip  between  an  asset or combination  of assets  
(such  as  an  i nsta l l ation  or company)  and  another asset or combination  of assets  (another 
i nsta l l ation  or company),  i n  other words,  for example,  a  network of factories;  

– “F ie ld  device”  has  been  added  as  a  h ierarch ica l  l evel ;  

– “Product”  denotes  the  cooperating  or col l aborati ng  product to  be  manufactured  as  an  
i n tegral  part  of an  I ndustry 4 . 0  value-added  process.  

NOTE  For the  asset “production  pl an t”  for example,  the  reference  arch i tectu re  model  I n dustry 4 . 0  thus  enab les  a  
homogeneous  consideration  of the  product to  be  manu factured  and  the  production  p l an t,  wi th  a l l  thei r 
dependenci es  and  rel ati onsh ips.  
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Figure 9  – H ierarch ical  levels  of RAMI4.0  

6 Industry 4.0  components  

6.1  General   

6. 1 . 1  Overview 

I ndustry 4. 0  componen ts  ( I 4 . 0  components)  are  g lobal l y and  un iquel y i den ti fiable  participan ts  
capable  of communication ,  and  cons ist of the  adm in istration  shel l  and  the  asset (as  i n  
F igu re  1 0)  wi th  a  d ig i ta l  connection  wi th in  an  I 4. 0  system  (correspond ing  to  CP24,  CP34  or 
CP44),  and  offer services  there  wi th  defined  qual i ty of service  (QoS)  properties.  

Assets  of d i fferent types  wi th  d i fferent commun ication  capabi l i ti es  can  be  implemented  as  I 4 . 0  
components .  I 4 . 0  components  offer graduated  protection  for services  and  data,  i nclud ing  
i n formation  securi ty,  at  a  l evel  appropriate  to  thei r use.  

I n  i ndustria l  appl ications,  an  I 4 . 0  component can  be  a  production  system ,  an  ind ividual  
mach ine  or un i t,  or a  modu le  wi th in  a  mach ine.  

F igure  1 0  shows  that an  asset i s  not necessari l y an  I 4. 0  component.  On l y i f i t  i s  an  en ti ty,  has  
at least passive  commun ication  capabi l i ty and  has  been  equ ipped  wi th  an  “adm in istration  
shel l ”  does  an  asset become an  I 4. 0  component.  

The  adm in istration  shel l  i ncl udes  the  re levant i n formation  for represen ting  the  asset and  i ts  
techn ica l  functional i ty.  I t  provides  the  i n formation  world  wi th  i n formation  on  the  asset or 
mu l tip le  assets ,  s tructured  accord ing  to  RAMI4.0 .  
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Figure 1 0  – An  I4.0  component as  a  necessary connection  between  the  asset  
and  the admin istration  shel l  

6. 1 . 2  Properties  of I 4.0  components  

The term  “component”  i s  a  general  one.  I t  denotes  an  asset i n  the  phys ical  worl d  or the  
i n formation  world  wh ich  performs or i s  in tended  for a  speci fic role  i n  i ts  system  envi ronment.  
A component can  be  a  p ipe,  a  PLC function  modu le,  a  lamp or a  va lve  to  an  i n tel l i gen t d ri ve  
un i t,  for example.  What i s  important  i s  that i t  be  viewed  as  a  un i t,  and  the  role  ( techn ica l  
functional i ty)  that an  I 4. 0  component shou ld  perform  or al ready performs  in  a  system .  An  I 4. 0  
component i s  a  specia l  type  of component.  I 4 . 0  components  are  characterized  by the  fact that  
they meet certa in  requ i rements  wi th  regard  to  the  classi fication  properties  described  above.  

NOTE  An  I 4 . 0  system  can  a l so  i ncl ude  components  that  d o  not  meet  I 4 . 0  requ i rements  and  are  therefore  not  I 4 . 0  
components.  

To present  in formation  on  i ts  assets  i n  the  i n formation  world ,  an  I 4. 0  component has  the  
fol l owing  properties  based  on  the  speci fications  in  4 . 4 .  I t  i s :  

– cl earl y i denti fi able  as  an  en ti ty,    

–  e i ther a  “ type”  or an  “ instance”  i n  terms  of a  speci fic poin t i n  i ts  l i fetime,  

– capable  of acti ve  or passive  I 4 . 0-compl iant communication  (d ig i ta l  connection  wi th in  an  
I 4 . 0  system),  

– a  representation  of an  asset by means  of i n formation ,  and   

– may have  a  techn ical  functional i ty 

wi th  a  l evel  of protection  appropriate  for i ts  use.  The  securi ty capabi l i ti es  of an  asset shal l  
comply wi th  the  requ ired  securi ty capabi l i ti es  of the  adm in istration  shel l .  

6. 1 .3  Identi fiabi l i ty  

An  I 4. 0  component i s  un iquel y identi fiable  i n  the  network,  wh ich  means  that the  phys ical  asset  
i t  represents  can  be  found  us ing  a  un ique  identi fier ( ID) .  I f i t  i s  a  CP34  or CP44  component  
(as  described  i n  4 . 8),  i t  can  be  con tacted  via  a  communication  address  (such  as  an  I P  
address).  An  acti ve  I 4. 0  component can  perform  I 4. 0-compl ian t commun ication  by i tsel f,  wh i l e  
for a  pass ive  I 4 . 0  componen t th is  i s  done  by the  necessary i n frastructure.  

6.1 .4  State  i n  the  l i fetime  (“vi ta” )  

The i n formation  i n  Subclause  4 . 6  appl ies  here.   

Because  each  I 4 . 0  component i s  part of a  network wi th  particu lar tasks,  and  these  tasks  have  
to  be  carried  ou t i n  processes  in  a  coord inated  manner,  i t  shal l  be  possible  at a l l  t imes  for 
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other users  to  query the  state  of each  I 4 . 0  componen t in  an  I 4 . 0-compl ian t communication  
network.  Th is  in formation  is  used ,  for example,  for l ocal  adm in istration  of other I 4. 0  
components  and  g lobal  adm in istration  for coord inating  processes.  

A d is tinction  shal l  be  made between  types  and  i nstances  of assets,  so  that a  re lationsh ip  can  
a lso  be  establ ished  between  component producers  and  users  that  makes  i t  poss ible  to  pass  
on  refi nements  of assets  as  a  type  to  users  when  requ i red ,  and  conversel y to  pass  on  
feedback from  users  to  the  producer.  

6. 1 .5  Secure I4.0-compl iant  communication ,  services  and  qual i ty of service   

I 4 . 0  components  commun icate  wi th  each  other on  the  bas is  of a  service-oriented  arch i tecture  
(SOA),  i nclud ing  common  I 4 . 0-compl iant semantics.  An  I 4 . 0  component provides  i n formation  
about i tsel f us ing  services  based  on  a  service  model .  An  appropriate  profi le  for an  I 4. 0  
component describes  wh ich  services  are  implemented ,  and  what technology i s  used  for th is .  

I t  sha l l  be  poss ib le  for I 4 . 0  components  to  use  d i fferent communication  protocols .  Therefore,  
i t  shou ld  be  possible  to  l oad  optional  protocols  and  appl ication  functions  later on .  

A d istinction  is  to  be  made between  the  address ing  of the  I 4. 0  component and  the  address ing  
of i ts  (appl ication)  obj ects .  These  are  addressed  us ing  a  g l obal l y un ique  I D  that i s  
i ndependent of the  manufacturer.  

I 4 . 0  components  support the  general l y s tandard ized  (and  a lso  subsequently l oadable)  service  
functions  and  states  for an  I 4 . 0  system .  They possess  the  properties  requ ired  for th is  task in  
the  form  of qua l i ties  of service  (QoS),  wh ich  a lso  include  ( in formation)  securi ty properties.  
With  regard  to  use  i n  au tomation  technology,  these  shal l  be  properties  wh ich  are  agreed  or 
stored  i n  a  profi l e,  such  as:  

– the  rea l -time  range  for productive  commun ication ,  e . g .  determ in ism  wi th  real  time  
capabi l i ty of D1  ms;  

– maximum  fai l -safe  securi ty as  regards  the  surround ing  network arch i tecture  (robustness);  

– su fficientl y granu lar clock synchron ization ;  

– i n teroperabi l i ty;  

– d iagnosis  and  eng ineering  based  on  un i form  ru les ;  

– establ ishment of ad  hoc connections.  

Depend ing  on  the  requ i rements  for the  adm in istration  shel l  and  associated  assets ,  the  
fol lowing  i s  essen tia l  for securi ty:  

– The  confiden tia l i ty,  i n tegri ty of the  data,  functions  and  avai l abi l i ty of the  techn ical  
functional i ty shal l  be  ensured ,  a lso  as  regards  the  functions  of the  associated  asset (CIA:  
confidentia l i ty,  i n tegri ty,  avai lab i l i ty) .  Th is  also  appl i es  to  saved  in formation  wh ich  is  to  be  
transferred .  

– When  us ing  data  beyond  company boundaries  (for example  i n  the  cloud) ,  pseudo-  or fu l l  
anonym ization  of personal  data  is  to  be  taken  i n to  account,  as  i s  any i n ter-company 
system  of i denti ty and  rights  management.  

6.1 .6  Representation  by in formation  wi th  I4.0-compl iant semantics  

An  I 4. 0  componen t provides  i ts  represen tation ,  incl ud ing  i ts  d ynam ic behaviour,  using  
standard ized ,  I 4 . 0-compl ian t semantics .   

Th is  i n formation  i s  generated  accord ing  to  RAMI4.0  as  a  vi rtual ,  s tructured  representation  of 
the  rea l  asset i n  an  I 4 . 0-compl ian t data  format.  One  part of th is  representation  is  the  man i fest,  
wh ich  shal l  have  I 4 . 0-compl ian t semantics.   

The properties  and  functions  of the  asset are  classi fi ed  us ing  the  fol lowing  data  e lements:  
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– general  bus iness  cond i ti ons  (Business);  

– mechan ics  (Construction );  

– functional i ty (Function) ;  

– p lace  (Location) ;  

– capabi l i ty (Performance).  

I EC TR 62794  appl ies  to  the  speci fication  of data  e lements ,  and  I EC 61 360-1  and   
I EC 61 360-2  appl y to  the  speci fication  of properties.  

Each  I 4. 0  component has  a  m in imum  in frastructure  for ensuring  the  ( i n formation)  securi ty 
function .  Because  securi ty i s  on l y assured  i f the  production  process  i s  i ncl uded  i n  the  
considerations,  the  securi ty in frastructure  of an  I 4 . 0  component i s  a  necessary functional i ty,  
bu t not  i n  i tsel f su fficien t.  The  requ i rements  of the  “securi ty by des ign”  pri ncip le  (SbD)  shal l  
be  fu l fi l l ed .  

I n  add i ti on ,  appl ications  for functional  safety a lso  requ i re  an  in frastructure  where  functional  
safety and  i n formation  securi ty cannot negativel y affect each  other.  

6.1 .7  I4.0  system  consisting  of I 4.0  components  

An  I 4 . 0  system  cons ists  of I 4 . 0  components  and  components  of a  l ower CP  class i fication ;  

– i t  serves  a  particu lar purpose,  

– has  speci fied  properties  and  

– supports  standard ized  services  and  states.  

Such  an  I 4. 0  system  can  be  an  I 4. 0  component of i ts  own  i n  another I 4. 0  system .  

A network of I 4 . 0  components  shal l  be  structured  in  such  a  way that connections  are  poss ible  
between  d i fferen t end  poin ts  ( I 4. 0  components).  The  I 4 . 0  components  and  thei r conten t 
comply wi th  a  common  semantic model .  Assets  wh ich  are  combined  can  form  any kind  of 
system .  I f they are  I 4. 0  components ,  they form  an  I 4 . 0  system .  From  the  poin t of view of the  
system ,  I 4 . 0  components  have  the  fol l owing  important  properties:  

– nestabi l i ty;  

– encapsu labi l i ty.  

6.1 .8  Nestabi l i ty  

As shown  in  F igure  1 1 ,  any I 4. 0  component can  cons ist of other I 4 . 0  components,  wh ich  
means  an  I 4. 0  component can  be  l og ica l l y nested  ( i nclud ing  temporari l y i f necessary) .  H igher-
level  systems  shou ld  have  l im i table,  purpose-re lated  access  to  a l l  I 4 . 0  components ,  even  i f 
they are  ( temporari l y)  log ical l y ass igned .  

NOTE  I n  the  con text  of th i s  PAS,  I 4 . 0  components  represent  assets  such  as  production  sys tems,  mach inery,  un i ts  
and  conceptual l y  importan t parts ,  such  as  mach ine  modu l es.  Th i s  means  a  mach ine  can  be  an  I 4 . 0  component.  I t  
can  i tsel f consist  of separate  I 4 . 0  components .  I n  tu rn ,  i n d ivi dual  mach ine  modu les  can  be  composed  of I 4 . 0  
components.  From  a  techn ical  poi n t  of vi ew,  th i s  can  be  implemented  i n  such  a  way that  the  h i gher-l evel  asset 
(such  as  the  mach ine)  has  two I 4 . 0-compl ian t  commun ication  i n terfaces,  so  that  there  i s  a  cl ear l og ica l  and  
phys ica l  separati on  between  h i gher- l evel  and  subord i nate  I 4 . 0  components  (see  F igure  1 1 ,  no.  1 ) .  Another option  
i s  that  I 4 . 0-compl ian t  commun ication  upwards  and  downwards  are  physical l y the  same  th i ng ,  bu t  l og ical l y  
separated  from  each  other (see  the  dotted  l i ne  i n  F i gure  1 1 ,  n o.  2) .  To  organ i ze  a  l og ical  ass ignment  of 
subord inate  I 4 . 0  components,  the  adm in i stration  shel l  can  contain  i ts  own  component manager.  I t  can  then  
represent  the  state  of the  mach ine  appropriatel y i n  the  l eve l  above,  for example.  
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Figure 1 1  – Nestabi l i ty of I 4.0  components  

6. 1 .9  Encapsulabi l i ty 

The I 4 . 0  component shou ld  be  ab le  to  establ ish  a l l  necessary connections  wi th in  an  I 4 . 0  
system  (see  F igure  1 2 ,  no.  1 ) .  However,  connections  shal l  not  l ead  to  any restriction  of the  
core  functional i ty (see  F igure  1 2,  no.  2) .  The  ab i l i ty to  retain  th is  core  functional i ty un impaired  
even  i f the  external  network i s  d isrupted  i s  ca l l ed  “encapsu labi l i ty” .  The  I 4 . 0  component,  i n  
particu lar i ts  adm in istration  shel l ,  the  functional i ty con ta ined  i n  i t  and  the  associated  
protocols ,  sha l l  be  capable  of encapsu lation .  Commun ications  can  take  p lace  via  a  s ing le  
connection  (see  F igure  1 2,  no.  3).  
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Figure 1 2  – Encapsulabi l i ty of I4.0-compl iant and  determin istic  real -time  communication  

6. 1 . 1 0  Domain  specific  functional i ty and  state  model  

An  I 4 . 0  component possesses  a  techn ical  functional i ty necessary to  exercise  i ts  ro le .   

EXAMPLE:   

– general  functi onal i ty of the  asset;  

– software  for “ l oca l  p l ann i ng ”  i n  con j unction  wi th  the  asset,  such  as  wel d ing  p l ann ing ,  software  for l abel l i ng  
term inal  b l ocks,  etc. ;  

– software  for project  p l ann i ng ,  confi guration ,  operati on ,  main tenance;  

– manuals  and  documentati on ;  

– techn ical  functional i ti es  relevant to  the  executi on  of business  l og ic.  

The  state  of an  I 4 . 0  component can  be  read  by other users  of an  I 4 . 0  system  based  on  a  
defined  s tate  model .   

The  s tate  model  sha l l  have  state  variables  wh ich  provide  a  detai led  view of the  state  of the  
asset and  i ts  techn ical  functional i ty,  i n  order to  a l l ow consisten t querying  of the  state  of the  
I 4 . 0  component at a  particu lar poin t i n  time (for example  for the  purposes  of statis tical l y 
correct data  anal ys is) .  

6.2  Admin istration  shel l  of I4.0  components  

6.2. 1  General   

The adm in istration  shel l  i s  what converts  an  asset i n to  an  I 4. 0  componen t.  I t  i s  the  vi rtu a l  
d ig i ta l  and  acti ve  representation  of an  asset  i n  an  I 4. 0  system .   

I n  an  asset implemented  as  an  embedded  system ,  the  adm in istration  shel l  and  i ts  obj ects  can  
be  s tored  i n  the  asset i tse l f (provided  i t  has  acti ve,  I 4 . 0-compl iant commun ication  capabi l i ty)  
or i t  can  be  d istribu ted  on  one  or more  I T  systems.  

The  adm in istration  shel l  records  l i fe  cycle  data  of the  asset and  converts  i t  i n to  in formation  
(e. g .  the  present posi ti on  and  curren ts  of a  servo dri ve) .  The  associated  i n formation  shou ld  be  
access ib le  i n  the  form  of views  (as  described  i n  6. 2 . 4 .3).  The  services  of the  component 
manager are  provided  by the  I 4 . 0-compl ian t service-oriented  API  (Appl ication  Programming  
I n terface).   
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6.2.2  Basic  structure of the  admin istration  shel l  

Figu re  1 3  shows  the  bas ic structure  of the  I 4 . 0  adm in istration  shel l .  I t  i s  d ivided  i n to  the  DF  
header and  the  DF  body.  The  prefix DF  unambiguousl y ass igns  the  partia l  models  to  a  domain  
(DF  =  D ig i ta l  Factory) .  The  d isti nction  between  header and  body fol l ows  the  speci fications  of 
I EC TS  62832-1 .  At the  very l east,  the  adm in istration  shel l  contains  the  adm in istration  shel l  
management i n  the  form  of the  component manager and  the  man i fest.  

The  adm in istration  shel l  i s  d i vided  i n to  partia l  models  for d i fferen t pu rposes.  Each  partia l  
model  contains  i n formation  in  the  header and  body sections.   

6.2.3  DF  header and  DF  body 

The header carries  i n formation  to  identi fy and  designate  the  speci fic asset in  the  I 4. 0  system  
and  contains  i n formation  on  the  adm in istration  and  use  of the  asset.  I t  refers  to  selected  
capabi l i ties  of the  asset and  to  views.  The  header i n formation  ( i nclud ing  i den ti fication  of the  
adm in istration  shel l  and  assets)  shal l  be  regarded  as  properties  in  the  sense  of requ i rements  
for g raduated  securi ty (as  i n  6 . 2 . 5,  e)) .   

The  body is  where  the  actual  i n formation  on  the  asset i s  stored .  Th is  i n formation  i s  not 
d i rectl y dependent on  the  u ti l i zation  speci fic to  a  factory or process  p lan t.  Th is  means  the  
body is  the  actual  i n formation  carrier.  

 

Figure 1 3  – Diagram  of an  I4.0  admin istration  shel l  

The adm in istration  shel l  con tains  separate  partia l  models  wi th  properties  and  functions  from  
d i fferent domains,  wh ich  are  updated  wi th  d i fferen t vers ion  numbers  i ndependentl y of each  
other.  The  partia l  models  are  created  i n  compl iance  wi th  I 4 . 0,  wh ich  means  us ing  RAMI4. 0  
and  i n  terms  of properties  and  functions,  us ing  the  data  e lements  described  i n  6. 1 . 6 .  

Securi ty requ i rements  may necess i tate  a  graduated  securi ty model  for properties,  even  in  
d i fferent  partia l  models .   
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6.2.4  Partial  models  and  views  

6.2.4.1  General   

The adm in istration  shel l  can  contain  any number of I 4 . 0-compl iant partia l  models.  Each  partia l  
model  has  h ierarch ica l l y organ ized  properties  referri ng  to  i nd ividual  data  and  functions.   

6. 2.4.2  Creating  the  partial  models  

The upcom ing  I ndustry 4 . 0  reference models  propose partia l  models  speci fied  by experts  wi th  
experience  i n  the  domain .  Each  partia l  model  speci fies  i ts  properties,  data  and  functions  
accord ing  to  un i form  ru les  for the  header and  the  body separate l y.  Agreed  partia l  models  are  
avai l able  for system-wide  I 4 . 0  i n tegration  i n  the  adm in istration  shel l s .  F i gure  1 4  shows  
examples  of partia l  models  for various  horizon tal  and  vertical  domains.   

 

Figure 1 4 – Examples  of domain  specific  models   

6. 2.4.3  Views in  partial  models  

Each  partia l  model  shal l  provide  at  l east the  basic views  by means  of properties,  data  and  
functions.  F igure  1 5  shows how views  are  created .  
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Figure  1 5  – Diagram  of how views are  created  

Table  1  shows  the  basic  views  wh ich  are  mandatory for a l l  partia l  models.  Add i tional  views  

can  be  created  i f needed .  

Table  1  – Basic  views  of a  partial  model  

Basic view Best practi ce  /  examples  

Business  
Data  and  functions  are  s tored  wh ich  make  the  component  su i table  and  effecti ve  for the  l i fe  
cycle  phases  of procurement,  design ,  operati on  and  u ti l i zation .  Examples:  pri ces,  terms  of 
del i very,  ordering  codes.  

Design  

Contains  properti es  that  are  re l evant to  the  use  of the  component,  i . e .  for sel ection  and  
structuri ng .  Contai ns  a  s tructu re  cl assi fi cation  and  numerous  properties  for physical  
d imensions  and  for i npu t,  processing  and  ou tpu t variab les  of the  component  (see  
I EC 81 346).  Contai ns  a  modu l ar vi ew of parti a l  components  and  a  device  s tructu re.  Al l ows  
an  au tomation  view wi th  i npu ts  and  ou tpu ts  of various  s i gnal  types.  

Performance  
Describes  performance  and  behaviou r properties  to  a l l ow summary assessment and  vi rtual  
commission ing  (VCOM)  of a  system  as  a  whol e.  

Functional  

Makes  s tatements  on  the  functi on  I EC 81 346  and  on  the  function  of the  parti a l  components.  
Local i zati on  of the  i n d ivi dual  fu nctions  of the  techn ical  fu nctional i ty a l so  take  p l ace  here,  
i . e .  the  ski l l s  and  the  desi gn ,  comm ission ing ,  cal cu lati on  or d i agnosti c  functions  of the  
component.  

Local  
Makes  s tatements  on  pos i ti ons  and  l ocal  context  of the  component,  i ts  parts ,  or i ts  i npu ts  
and  ou tpu ts.  The  actual  posi ti on  of the  component  i s  part  of the  header data.  

Securi ty  
Can  fl ag  a  property as  re l evant  to  securi ty.  Th i s  property shou ld  be  i ncl uded  i n  any 
assessment of securi ty.  

Network view 
Makes  s tatements  on  the  e l ectri cal ,  fl u i d ,  materi al  fl ow and  l og ical  connection  of the  
component  

L i fe  cycle  
Contains  data  on  the  current  s tate  and  past  use  th roughou t the  l i fetime  of the  component.  
Examples:  Ass ignment  to  production ,  main tenance  l ogs,  past  uses.  

Human  
I n  a l l  vi ews,  properti es,  data  and  functions  shou l d  be  prepared  i n  such  a  way that  h uman  
users  can  u nderstand  i n d ivi dua l  e l ements,  relati onsh i ps  and  can  control  causal  chai ns.  

 

6.2.5  Properties  

Mean ingfu l  va lues  of I 4 . 0-compl iant “bas ic properties”  ensure  that a l l  I 4 . 0  components  and  
other systems can  access  and  use  these  basic properties,  va lues  and  functions  of the  
adm in istration  shel l .  I n  add i ti on ,  there  are  the  fo l l owing  property cl asses:  mandatory 
properties,  optional  properties  and  free  properties.  Table  2  shows the ir characteristics .  
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Table  2  – Property classes  

Property class  Explanation  

Basic properti es   
I 4 . 0-compl ian t  properties  wh ich  are  mandatory and  standard i zed  for a l l  
adm in i stration  shel l s .  

Mandatory properties   
I 4 . 0-compl ian t  properties  wh ich  are  mandatory and  standard i zed  for parti a l  models  
of adm in i stration  shel l s .  

Optional  properties   
I 4 . 0-compl ian t  properties  wh ich  are  s tandard ized  bu t  not  mandatory for parti a l  
models  of adm in i stration  shel l s .  

Free  properties   
Properti es  for parti a l  models  of adm in i stration  shel l s ,  such  as  manufacturer-speci fi c  
properties,  wh ich  are  not  s tandard ized  and  not  mandatory.  These  may not  be  used  
by d i fferen t manufactu rers .  

 

Withou t restricting  general  appl icabi l i ty,  the  concept i s  establ ished  that the  man i fest (as  
described  i n  6 . 2 . 6 . 3)  of the  adm in istration  shel l  manages  in formation  el emen ts  i n  the  form  of 
properties,  and  that the  adm in istration  shel l  i tsel f can  a lso  i nclude  data  objects  and  techn ical  
functional i ty.  

The  fol l owing  appl ies  to  i nd ividual  properties,  data  and  functions:   

a)  I t  shal l  be  possib le  to  use  the  properties  and  other i n formation  e lements  i n  the  
adm in istration  shel l  for types  and  i nstances.  

J ust l ike  the  adm in istration  shel l  as  a  whole,  the  i nd ividual  properties  and  other data  and  
functions  shal l  be  su i table  for a l l owing  a  d is tinction  between  types  and  i nstances  of 
adm in istration  shel ls  for the  asset i n  question .  I n  speci fic cases,  th is  can  mean  that 
i nd ividual  properties  of an  i nstance  keep a  record  of whether they are  added ,  mod i fied  or 
deleted  for th is  i nstance,  or whether i t  shou ld  be  ensured  that the  i n formation  i s  i den tica l  
to  the  data  i n  the  type  adm in istration  shel l .  

b)  H ierarch ical  and  enumerable  s tructuring  of properties  shal l  be  poss ib le.   

The  number of properties  to  be  organ ized  i s  a l ready large  and  wi l l  fu rther i ncrease  as  
I ndustry 4. 0  develops.  To  make them  manageable  for people  and  mach ines,  properties  
shal l  be  s tructured  h ierarch ica l l y.  Because  a  property can  contain  mu l ti ple  equal -ranking  
a l ternatives  or detai l ed  i n formation ,  for example  a  l i s t  of l anguages  or certi ficates,  there  
shou ld  be  enumerable  structures,  such  as  fi el ds .   

c)  Properties  shal l  be  able  to  reference other properties,  i nclud ing  those  i n  other 
adm in istration  shel l s.  

As  wi th  the  adm in istration  shel l  as  a  whole,  the  i nd ividual  properties  shal l  a lso  be  able  to  
reference I 4. 0-compl ian t  en ti ties  and  in formation  ou tside  thei r own  adm in istration  shel l .  
Thus  i n formation  can  be  l i nked  and  becomes  knowledge.  I n  the  same way,  d i fferent 
knowledge  domains  (for example  properties  from  d i fferen t standards)  can  be  l i nked  to  
each  other.  

NOTE  1  Speci fi cal l y,  th i s  makes  views  poss ibl e  by representi ng  the  view or i n formation  h ierarch ical l y (see  
6 . 2 . 5,  b )) ,  and  the  other views  l i nk to  i t  by referencing .   

NOTE  2  Th i s  requ i rement  shou l d  a l so  make  i t  poss ibl e  to  make  l i nks  us i ng  desi gnated  rel ati onsh ips  (as  
requ i red  wi th  semantic  technol og ies).  

d)  Properties  shal l  be  able  to  reference data  and  functions  of an  adm in istration  shel l  (at l east 
wi th in  i t) .   

As  part  of the  man i fest,  properties  shal l  be  able  to  reference  data  and  functions  wi th in  the  
adm in istration  shel l .  I n  th is  way,  standard ized  properties  can  act as  anchor poin ts  for 
d i fferent  data.  I n  the  same way,  i t  can  be  ensured  that  the  functions  of the  techn ical  
functional i ty of an  asset  can  be  found ,  described  and  accessed .  

e)  Properties  shal l  fu l fi l  aspects  of i n formation  securi ty for graduated  avai lab i l i ty,  i n tegri ty,  
confidentia l i ty,  vis ib i l i ty and  au thentici ty.   

Properties,  data  and  functions  wi l l  a l so  carry i n formation  wh ich  not every part icipant wi th in  
a  value-added  network or organ izational  un i t  shou ld  be  able  to  access,  or whose i n tegri ty 
and  avai labi l i ty shou ld  be  maintained .  Therefore,  ri gh t from  the  start,  the  structu re  of the  
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adm in istration  shel l  shou ld  take  i n to  account aspects  such  as  access  protection ,  vis ib i l i ty,  
i denti ty and  righ ts  management,  confiden tia l i ty and  i n tegri ty.  Accord ing  to  the  graduation ,  
a  “No  securi ty”  state  can  be  implemented ,  i f risk assessment resu l ts  a l low th is.  I t  shou ld  
be  poss ib le  to  d i fferen tiate  these  aspects  us ing  profi l es  and  views  l ater.  

6.2.6  Managing  the  admin istration  shel l  

6.2.6.1  General   

The i n formation  i n  the  adm in istration  shel l  wi th  i ts  partia l  models  shal l  be  adm in istered  and  
organ ized .  Th is  i s  done  by the  component manager and  the  man i fest.  

6.2.6.2  Component manager 

The component manager d i rectl y or i nd i rectl y forms  an  expanded  service  that  carries  ou t both  
the  l i fe long  main tenance  of the  i n formation  con tained ,  as  wel l  as  enabl i ng  powerfu l  querying  
options  based  on  service-oriented  arch i tecture  (SOA).  I t  i s  the  l i nk between  the  I T  techn ica l  
services  of the  I 4. 0  component wh ich  provide  external  access  to  the  i n formation  of the  
representation  and  to  the  techn ica l  functional i ty of the  asset.  I t  organ izes  the  address ing  and  
i denti fication  of the  adm in istration  shel l s  and  assets.  I t  organ izes  the  au tonomous  
adm in istration  and  access  to  the  resources  of the  I 4 . 0  component and  ensures  protection  
appropriate  to  the  asset’s  use.  Another of i ts  tasks  i s  l i fe long  maintenance  of the  properties,  
data  and  functions  wi th in  the  adm in istration  shel l .  Based  on  a  service-oriented  arch i tecture,  i t  
provides  an  API  (Appl i cation  Programming  I n terface)  for powerfu l  services  for querying  
i n formation  on  the  asset (such  as  view support,  to leran t search ing ,  synonym  searches  and  
search ing  for s im i l ari ty re lationsh ips).   

The  component manager can  thus  connect a  service-oriented  arch i tecture  (SOA)  or i n tegrate  
the  adm in istration  shel l  i n to  a  reposi tory.   

I t  i s  poss ib le  to  represen t the  componen t manager by means  of a  centra l  service,  for example  
i f the  I 4 . 0  component i s  kept i n  a  repos i tory.   

The  service  i s  understood  here  as  a  techn ica l  I T  service,  un l ike  the  functions  of the  techn ical  
functional i ty of an  asset.   

There  shal l  be  access  ri ghts  and  protection  adequate  for the  use  of the  asset.   

SPARQL support i s  conceivable.   

6.2.6.3  Manifest  

The man ifest can  be  regarded  as  s im i lar to  the  man i fest in  i n formation  technology.  I t  contains  
mandatory i n formation  on  the  I 4 . 0  component,  i ncl ud ing  on  connection  to  the  asset or assets  
by means  of appropriate  i denti fication .  I t  acts  as  a  un iquel y identi fiable  table  of contents  wi th  
a l l  the  i n formation ,  data  and  functions  of the  adm in istration  shel l ,  and  i ncludes  the  external l y 
access ib le,  defined  set  of meta- information  on  the  functional  and  non-functional  properties  of 
the  I 4 . 0  component.  I t  a l so  conta ins  mandatory i n formation  on  the  I 4. 0  component,  such  as  
how i t  i s  connected  to  the  real  asset by appropriate l y secure  i den ti fication .  

The  parts  of the  man i fest i ncl ude:  

– characteristic properties  of the  asset,  

– i n formation  on  how the  properties  are  in terrelated ,  

– re lationsh ips  between  I 4 . 0  components  wh ich  are  re levant to  products,  production  and  
production  processes,  based  on  I EC  TR 62794,  and  

– the  formal  description  of re levant functions  of the  asset,  as  wel l  as  re levan t procedures.  
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What makes  the  man i fest d i fferen t from  normal  adm in istration  objects  i s  that i t  contains  
i n formation  that shal l  be  publ icl y known  i n  order to  implement an  I 4. 0  system  wi th  adequate  
protection  for i ts  use.  Normal  adm in istration  obj ects  can  a lso  conta in  i n formation  where  the  
manufacturer i s  free  to  decide  what i s  d isclosed ,  and  i n  wh ich  form .  

The  property structu res  of the  man i fest comply wi th  the  standard ized  format of the  I 4. 0  ru les  
accord ing  to  I EC 61 360-1  and  I EC 61 360-2.  The  man i fest i s  usual l y composed  of properties  
from  the  header and  the  body.  

6.2.6.4  Identi fiers  

Not on l y the  i nd ividual  adm in istration  shel l s  bu t  a lso  the  associated  assets  have  a  un ique  
i denti fier ( I D),  wh ich  means  the  asset  and  the  adm in istration  shel l  are  unambiguous l y 
i denti fiab le  at a l l  times.  Th is  ensures  the  connection  between  the  assets  and  the ir 
adm in istration  shel ls ,  even  i f they are  stored  in  one  or more  d istribu ted  d i g i ta l  repos i tories,  or 
even  among  d i fferent participan ts  i n  the  va lue-added  process.  On  the  l eft,  F igure  1 6  shows  
two assets  wi th  the  adm in istration  shel l s  stored  i n  a  ( l og ical )  reposi tory composed  of any ki nd  
of phys ical  storage  med ia,  and  on  the  ri gh t an  adm in istration  shel l  a ttached  to  the  asset.   

 

 

Figure 1 6  – Avai labi l i ty of admin istration  shel ls  via  reposi tory 
or d i rectly via  the  represented  assets  

6.2.6.5  Identi fication  of types  and  instances   

Adm in istration  shel l s  can  be  characterized  as  types  and  i nstances  of assets .   

6.2.6.6  References  to  other admin istration  shel ls  or I4.0  information   

For l i nking  i n formation  so  that i t  becomes  knowledge,  i t  i s  importan t that th is  can  take  p lace  
un iversal l y.  Th is  means,  for example,  that an  I 4. 0  component can  model  the  dependencies  of 
other I 4 . 0  components  or keep a  d i rectory wh ich  refers  to  other I 4 . 0  components.  
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6.2.6.7  Non-I4.0-compl iant  information  

The adm in istration  shel l  of an  I 4. 0  component shou ld  be  able  to  support  free  and  proprietary 
i n formation  content  so  that  free,  non-I 4. 0-compl iant in formation  can  be  agreed  and  i n tegrated .  

6. 2.7  Fundamental  requ irements  for the  admin istration  shel l  

a)  The  adm in istration  shel l  cons ists  of the  body and  the  header.   

b)  The  body contains  i n formation  on  the  asset i n  question .   

c)  The  header con tains  i n formation  on  how the  asset  i s  used .   

d )  The  adm in istration  shel l  contains  the  key e lements,  the  man i fest and  the  component 
manager.   

e)  The  i n formation  i n  the  adm in istration  shel l  sha l l  be  accessib le  us ing  service-orien ted  
arch i tecture  (SOA)  and  shal l  take  the  correspond ing  securi ty requ irements  i n to  account.   

f)  The  adm in istration  shel l  represents  i n formation  on  appl ication  aspects.  

g )  The  adm in istration  shel l  i s  structured  using  views.  

h )  The  adm in istration  has  a  un ique  I D.  

i )  The  asset has  a  un ique  I D.  

j )  Even  a  factory can  be  an  asset that has  an  adm in istration  shel l  and  can  be  addressed  
us ing  i ts  I D .  I t  shou ld  be  poss ib le  to  apply the  concept of nesting .  

k)  Types  and  i nstances  shal l  be  i nd icated  as  such .  

l )  The  adm in istration  shel l  can  conta in  references  to  other adm in istration  shel l s  or I 4 . 0  
i n formation .  

m )  Add i ti onal  properties,  such  as  manufactu rer-speci fic ones,  shal l  be  possib le.  

n )  A re l i able  m in imum  set of properties  shal l  be  defined  for each  adm in istration  shel l .  

6.3  Forms  of I4.0  components  

6.3. 1  Di fferent assets  wi th  admin istration  shel ls  

Figure  1 7  shows  various  assets  i n  a  l og ica l  view that can  be  represented  i n  compl iance  wi th  
I 4 . 0  using  an  adm in istration  shel l .  Wi th  regard  to  the  d is tribution  view,  the  asset and  the  
adm in istration  shel l  can  be  at d i fferen t l ocations.  For example,  adm in istration  shel l s  of assets  
capable  of passive  communication  on l y,  the  adm in istration  shel l  can  be  stored  in  a  h igher-
level  I T  system  (see  F igure  1 6).  Us ing  the  asset’s  pass ive  commun ication  capabi l i ty and  I 4. 0-
compl ian t commun ication  of the  h igher- level  I T  system ,  the  connection  between  the  asset and  
the  adm in istration  shel l  i s  ensured .  Wi th  I 4. 0 -compl ian t communication  capabi l i ty,  the  
adm in istration  shel l  can  a lso  be  s tored  i n  or on  the  asset (for example  s tored  in  the  con trol  
system  of a  mach ine  and  del i vered  via  the  network in terface).  I n  terms  of the  “ I 4. 0  
component”  concept,  a l l  these  a l ternatives  are  equal l y val i d .  A su i table  reference model  shal l  
be  used  to  ensure  that a  h igher- level  I T  system  provides  the  adm in istration  shel l  i n  
compl iance  wi th  I 4 . 0.  
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Figure 1 7  – Different assets  that become I4.0  components  
by adding  the  admin istration  shel l   

6. 3.2  Asset wi th  mu ltiple  admin istration  shel ls  

An  asset can  a lso  be  represented  by mu l ti p le  I 4 . 0-compl ian t adm in istration  shel l s,  i n  other 
words,  an  I 4 . 0  component can  have  more  than  one  adm in istration  shel l  for d i fferent  purposes,  
as  shown  i n  F igure  1 8.  

 

Figure 1 8  – Representation  of an  asset  by means  of multiple  admin istration  shel ls   

I f there  are  mu l ti p le  adm in istration  shel ls  for an  asset,  they shal l  refer to  each  other.  I n  
particu lar,  portions  of an  adm in istration  shel l  shou ld  be  able  to  act as  a  “copy”  of the  
correspond ing  portions  of another adm in istration  shel l .  

I nd ividual  (partia l )  adm in istration  shel ls  can  be  recombined  in to  a  s ing le  adm in istration  shel l  
wh i l e  main tain ing  the ir structure.   
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6.3.3  Admin istration  shel l  for mu ltiple  assets  

The adm in istration  shel l  of an  I 4. 0  component can  a lso  represent more  than  one  asset (see  
Figu re  1 9) .  

 

Figure 1 9  – Representation  of mu l tiple  assets  
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