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EN TERPRISE-CON TROL SYSTEM  IN TEGRATION  – 
 

Part 1 :  M odel s  and  termi nol ogy 
 

 

FOREWORD 

This foreword,  as well  as al l  footnotes and  annexes,  is  included  for information  purposes and  is not part of 
ANSI/ISA-95.00.01 -201 0 (IEC 62264-1  Mod).  
 
This document has been prepared  as part of the service of ISA,  the International  Society of Automation,  
toward  a goal  of uniformity in  the fields of instrumentation,  systems and  automation.  To be of real  value,  
this document should  not be static but should  be subject to periodic review.  Toward  this end,  the Society 
welcomes al l  comments and  criticisms and  asks that they be addressed to the Secretary,  Standards and  
Practices Board;  ISA;  67 Alexander Drive;  P.  O.  Box 1 2277;  Research Triangle Park,  NC 27709;  
Telephone (91 9) 549-841 1 ;  Fax (91 9) 549-8288;  E-mail :  standards@isa.org.  
 
The ISA Standards and  Practices Department is aware of the growing  need  for attention  to the metric 
system of units in  general,  and  the International  System of Units (SI ) in  particular,  in  the preparation  of 
instrumentation  standards.  The Department is further aware of the benefits to USA users of ISA 
standards of incorporating  suitable references to the SI  (and  the metric system) in  their business and  
professional  deal ings with  other countries.  Toward  th is end,  this Department wi l l  endeavor to introduce 
SI-acceptable metric units in  al l  new and revised  standards,  recommended practices,  and  technical  
reports to the greatest extent possible.  Standard  for Use of the International  System of Units (SI ):  The 
Modern  Metric System,  published  by the American Society for Testing  & Materials as IEEE/ASTM SI  1 0-
97,  and  future revisions,  wil l  be the reference guide for definitions,  symbols,  abbreviations,  and  
conversion  factors.  
 
I t is the pol icy of ISA to encourage and  welcome the participation  of al l  concerned individuals and  
interests in  the development of ISA standards,  recommended  practices,  and  technical  reports.  
Participation  in  the ISA standards-making process by an  individual  in  no way constitutes endorsement by 
the employer of that individual,  of ISA,  or of any of the standards,  recommended  practices,  and  technical  
reports that ISA develops.  
 

CAUTION — ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS 
INSTITUTE WITH REGARD TO PATENTS.  IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS 
REQUIRED FOR USE OF THE STANDARD,  IT WILL REQUIRE THE OWNER OF THE PATENT TO 
EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING 
WITH THE STANDARD OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE 
FREE FROM UNFAIR DISCRIMINATION.  
 
EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS STANDARD, THE USER IS 
CAUTIONED THAT IMPLEMENTATION OF THE STANDARD MAY REQUIRE USE OF TECHNIQUES,  
PROCESSES,  OR MATERIALS COVERED BY PATENT RIGHTS.  ISA TAKES NO POSITION ON THE 
EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN  IMPLEMENTING 
THE STANDARD.  ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY 
REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE STANDARD OR FOR INVESTIGATING 
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION.  THE USER SHOULD 
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE STANDARD FOR THE 
USER’S INTENDED APPLICATION.  
 
HOWEVER,  ISA ASKS THAT ANYONE REVIEWING THIS STANDARD WHO IS AWARE OF ANY 
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE STANDARD NOTIFY THE ISA 
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.  
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ADDITIONALLY,  THE USE OF THIS STANDARD MAY INVOLVE HAZARDOUS MATERIALS,  
OPERATIONS OR EQUIPMENT.  THE STANDARD CANNOT ANTICIPATE ALL POSSIBLE 
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN  
HAZARDOUS CONDITIONS.  THE USER OF THIS STANDARD MUST EXERCISE SOUND 
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S 
PARTICULAR CIRCUMSTANCES.  THE USER MUST ALSO CONSIDER THE APPLICABILITY OF 
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH 
PRACTICES BEFORE IMPLEMENTING THIS STANDARD. 

 
This Part 1  standard  is structured  to fol low IEC (International  Electrotechnical  Commission) guidel ines.  
This revised  Part 1  replaces ANSI/ISA-95.00.01 -2000.   
 
This document is Part 1  of a multi-part set of standards that defines the information  exchange interface 
between enterprise activities and  control  activities.  
 
As currently envisioned,  the ANSI/ISA-95 series wi l l  consist of the fol lowing parts under the general  title,  
Enterprise-Control  System Integration:  
 

–  Part  1 :  Models  and  terminology  

–  Part  2 :  Objects  and  attribu tes  for en terprise-con trol  system  i n tegration  

–  Part 3 :  Activi ty models  of manufacturing  operations  management  

–  Part 4 :  Object models  and  attribu tes  of manufactu ring  operations  management 
activi ties  ( in  development at the  time  of publ ication  of th i s  standard )  

–  Part  5 :  Business-to-manufacturing  transactions  

–  Part 6 :  Manufacturing  operations  transactions  ( in  development at the  time  of 
publ ication  of th i s  standard )  
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INTRODUCTION  

Th is  i s  a  revision  of I SA-95.00. 01 -2000.   The  major changes  made  to  th is  standard  from  the  
previous  version  are:  

1 .  The  starting  poin t for the  update  was  I EC 62264-1  Enterprise-con trol  system  in tegration :  
models  and  term inology.   Th is  i s  the  I EC/ISO version  of th is  standard .   I EC  62264-1  
i ncludes  a  new section  on  the  Decis ion  H ierarchy i n  Clause  5. 5.   

2 .  The  functional  h ierarchy in  Clause  5. 2  was  extended  using  the  defin i tions  from   
I EC  62264-3  En terprise-con trol  system  i n tegration  -  Part 3 :  Activi ty Models  of 
Manufacturing  Operations  Management.   

3 .  The  equ ipment h ierarchy in  Clause  5. 3  was  extended  using  the  defin i tions  from   
I EC  62264-3.   

4 .  A physical  asset equ ipment model  was  added  in  C lause  5. 3 .   

5 .  The  generic model  of manufacturing  operations  management categories  i n  Clause  7  was  
added  us ing  i n formation  from  I EC  62264-3.   

6 .  The  formal  UML models  that were  i n  Clause  7  were  moved  to  the  Part 2  standard  i n  the  
series  and  the  remain ing  data  defin i tions  are  now in  C lause  8 .   

7 .  The  capaci ty and  capabi l i ty model  i n  Clause  8  was  extended .   

8 .  A new Annex A was  moved  from  I EC  62264-3.   

9 .  A new Annex B  was  moved  from  I EC  62264-3.    

1 0 .  Clause  5. 5  on  the  decision  h ierarchy was  removed  and  a  reference  added  to  I SO  1 5704  
wh ich  i s  now avai lable.   

1 1 .  O ld  Annex C,  D ISCUSSIONS  OF  MODELS,  was  moved  to  a  Techn ical  Report 

1 2 .  Old  Annex D ,  SELECTED  ELEMENTS OF  THE  PURDUE REFERENCE  MODEL,  was  
moved  to  a  Techn ical  Report.   

1 3 .  O ld  Annex E ,  PRM  CORRELATION  TO  MESA I NTERNATIONAL MODEL AND  I SA-95.01  
MODELS,  was  moved  to  a  Techn ical  Report 

This Part 1  standard  is l imited  to describing  the relevant functions in  the enterprise and  the manufacturing  
and  control  domains and  which  information  is normally exchanged  between these domains.  Subsequent 
parts wil l  address how this information  can be exchanged in  a robust,  secure,  and  cost-effective manner 
preserving  the integrity of the complete system.  For purposes of this standard  the manufacturing  and  
control  domain  includes manufacturing  operations management systems,  manufacturing  control  systems,  
and  other associated  systems and  equipment associated  with  manufacturing.   The terms “enterprise, ”  
“controls, ”  “process control, ”  and  “manufacturing” are used  in  their most general  sense and  are held  to be 
appl icable to a broad  sector of industries.  

This Part 1  standard  provides standard  models  and  terminology for describing  the  i n terfaces  
between  the  business  systems of an  en terprise  and  i ts  manufacturing  operations  and  con trol  
systems.  The  models  and  terminology presented  i n  th is  standard   

a)  emphasize  good  i n tegration  practices  of con trol  systems  wi th  en terprise  systems  du ring  the  
en ti re  l i fe  cycle  of the  systems;   

b)  can  be  used  to  improve  existing  i n tegration  capabi l i ti es  of manufacturing  operations  and  
con trol  systems  wi th  en terprise  systems;  and   

c)  can  be  appl ied  regard less  of the  degree  of au tomation .  
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Speci fical l y,  th i s  standard  provides  a  standard  terminology and  a  consisten t set of concepts  and  
models  for i n tegrati ng  control  systems  wi th  en terprise  systems  that wi l l  improve  commun ications  
between  a l l  parties  i nvolved .  Some of the  benefi ts  produced  wi l l  

a)  reduce  users'  times  to  reach  fu l l  production  l evels  for new products;  

b)  enable  vendors  to  supply appropriate  tools  for implementing  i n tegration  of con trol  systems  to  
en terprise  systems;  

c)  enable  users  to  better i den ti fy thei r needs;  

d )  reduce  the  costs  of au tomating  manufacturing  processes;  

e)  optim ize  supply chains;  and  

f)  reduce  l i fe-cycle  eng ineering  efforts.  

 

This Part 1  standard  is intended for those who are:  
 
a)  i nvolved  i n  design ing ,  bu i l d ing ,  or operating  manufacturing  faci l i ties;  

b) responsible for specifying  interfaces between manufacturing and  process control  systems and  other 
systems of the business enterprise;  or 

c) involved  in  designing,  creating,  marketing,  and  integrating  automation  products used to interface 
manufacturing  operations and  business systems.  

d )  i nvolved  i n  speci fying ,  design ing  or manag ing  product creation ,  movement and  storage  wi th in  
manufacturing  en terprises.  

I t  i s  not the  i n ten t of th i s  standard  to  

−  suggest that there  i s  on ly one  way of implementing  i n tegration  of con trol  systems  to  
en terprise  systems;  

−  force  users  to  abandon  thei r curren t methods  of hand l ing  i n tegration ;  or 

−  restrict  development i n  the  area  of i n tegration  of con trol  systems  to  en terprise  systems.  

Th is  Part 1  standard  d iscusses  the  i n terface  con ten t between  manufactu ring-con trol  functions  
and  other en terprise  functions,  based  upon  the  Purdue  Reference  Model  for CIM  (h ierarch ical  
form)  as  publ ished  by I SA.  Th is  standard  presents  a  partia l  model  or reference  model  as  defined  
i n  I SO  1 5704.  The first three clauses are normative and  present the scope  of the standard,  normative 
references ,  and  definitions ,  in  that order.  

The  scope  of th is  part  i s  l im i ted  to  describing  the  relevant functions  i n  the  en terprise  and  the  
manufacturing  and  con trol  domain  and  wh ich  i n formation  i s  normal ly exchanged  between  these  
domains.  Subsequent parts  wi l l  address  how th is  i n formation  can  be  exchanged  i n  a  robust,  
secure,  and  cost-effective  manner preserving  the  i n tegri ty of the  complete  system.  

Clause 4 is informative.  The intent is to  describe  the  con text of the  models  i n  Clause  5  and   
C lause  6 .  I t  g i ves  the  cri teria  used  to  determine  the  scope  of the  manufacturing  operations  and  
control  system  domain .  Clause  4 ,  be ing  i n formative,  does  not con tain  the  formal  defin i tions  of the  
models  and  term inology bu t describes  the  con text to  understand  the  other clauses.  

Clause  5  i s  normative.  The  i n ten t i s  to  describe  h ierarchy models  of the  activi ties  i nvolved  i n  
manufacturing-con trol  en terprises.  I t  presen ts  i n  general  terms  the  activi ti es  that are  associated  
wi th  manufacturing  operations  and  control  and  the  activi ties  that occur at the  business  l og istics  
l evel .  I t  a l so  g i ves  an  equ ipment h ierarchy model  of equ ipment associated  wi th  manufacturing  
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operations  and  con trol .   C lause  5. 5  i s  i n formative.   C lause  5,  being  normative,  con tains  format 
defin i tions  of the  models  and  terminology.  

Clause  6  i s  normative.  The  i n ten t i s  to  describe  a  general  model  of the  functions  wi th in  an  
en terprise  wh ich  are  concerned  wi th  the  i n tegration  of business  and  con trol .  I t  defines,  i n  deta i l ,  
an  abstract model  of con trol  functions  and ,  i n  l ess  detai l ,  the  business  functions  that i n terface  to  
con trol .  The  purpose  i s  to  establ i sh  a  common  understand ing  for functions  and  data  flows 
i nvolved  i n  i n formation  exchange.   

Clause  7  i s  normative.  The  i n ten t i s  to  define  i n  detai l  the  i n formation  that makes  up  the  
i n formation  streams  defined  i n  C lause  6 .   The purpose is to establish  a common terminology for the 
elements of information  exchanged.  Clause 7,  being  normative,  contains formal  definitions of the models 
and  terminology.  The attributes and  properties are not formally defined  in  this clause of the standard.   

Clause 8 is normative.  I t provides a description  of the categories of information  structures that are 
exchanged between applications at Level  4  and  those at Level  3.  The clause also provides the 
information  categories that are exchanged  between the applications within  Level  3.  

Clause  9  i s  normative.  I t  provides  statements  regard ing  the  conformance  of implementations,  the  
compl iance  of speci fications  and  the  completeness  of these  speci fications  and  implementations  
relative  to  Part 1  of th i s  standard .  

Annex A i s  i n formative.  I t  defines  the  relationsh ip  of th i s  standard  wi th  other re lated  
standard ization  work i n  the  manufactu ring  area.  

Annex B  i s  i n formative.  I t  provides  l i sti ngs  of associated  standards  general l y re lated  to  en terprise  
i n tegration .  

Annex C  i s  i n formative.  I t  describes  business  d rivers  and  key performance  i nd icators  that are  the  
reasons  for the  i n formation  exchange  between  business  and  con trol  function .  
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EN TERPRISE-CON TROL SYSTEM  IN TEGRATION  – 
 

Part 1 :  M odel s  and  termi nol ogy 
 

1  Scope 

Th is  standard  describes  the  i n terface  con ten t between  manufacturing  operations  and  con trol  
functions  and  other en terprise  functions.  The  i n terfaces  considered  are  the  i n terfaces  between  
Levels  3  and  4  of the  h ierarch ical  model  defined  by th is  standard .  The  goals  are  to  i ncrease  
un i formi ty and  consistency of i n terface  terminology and  reduce  the  ri sk,  cost,  and  errors  
associated  wi th  implemen ting  these  i n terfaces.   

The  standard  can  be  used  to  reduce  the  effort associated  wi th  implementing  new product 
offerings.  The  goal  i s  to  have  en terprise  systems  and  control  systems that i n ter-operate  and  
easi l y i n tegrate.  

The  scope  of th i s  standard  i s  l im i ted  to  

a)  a  presen tation  of the  scope  of the  manufacturing  operations  and  con trol  domain ;   

b)  a  d iscussion  of the  organ ization  of physical  assets  of an  en terprise  i nvolved  i n  
manufacturing ;   

c)  a  l i sting  of the  functions  associated  wi th  the  i n terface  between  con trol  functions  and  
en terprise  functions;  and   

d )  a  description  of the  i n formation  that i s  shared  between  con trol  functions  and  en terprise  
functions.   

2  N orm ati ve  referen ces  

The  fol lowing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  For 
dated  references,  on ly the  ed i tion  ci ted  appl ies.  For undated  references,  the  l atest ed i tion  of the  
referenced  document ( i nclud ing  any amendments)  appl ies.  

I EC  61 51 2-1 : 1 997,  Batch control – Part 1: Models and terminology   

I SO/IEC  1 9501 : 2005,  Information technology - Open Distributed Processing - Unified Modeling 
Language (UML) - Version 1 .4.2   

I SO  1 5704,  Industrial automation systems — Requirements for enterprise-reference 
architectures and methodologies  
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3  Terms,  defi n i ti on s  and  abbrevi ati ons  

3. 1  Term s  an d  defin i tion s  

For the  pu rposes  of th i s  document,  the  fo l l owing  terms  and  defin i tions  apply.   Phrases  i n  i ta l i c  i n  
l i nes  fo l l owing  the  preferred  term  in  bold  are  considered  as  synonyms.   

3. 1 .1   
area  
physical ,  geograph ical  or l og ical  g rouping  of resources  determined  by the  s i te   

NOTE   I t  can  con ta i n  process  cel l s ,  producti on  un i ts ,  producti on  l i nes ,  and  storage  zones.   

3. 1 .2   
avai l abl e  capacity 
portion  of the  production  capaci ty that can  be  atta ined  bu t i s  not commi tted  to  cu rrent or fu tu re  
production  

3. 1 .3   
bi l l  of l ad in g  
contract or receipt for goods  that a  carrier agrees  to  transport from  one  p lace  to  another and  to  
del i ver to  a  designated  person  or that i t  assigns  for compensation  upon  the  cond i tions  stated  
therein  

3. 1 .4  
bi l l  of materi al   
l i sti ng  of a l l  the  subassembl ies,  parts,  and /or materia ls  that are  used  i n  the  production  of 
a  product i nclud ing  the  quan ti ty of each  materia l  requ i red  to  make  a  product  

NOTE  The  term  product  may refer to  a  fi n i shed  product  or an  i n termed iate  product  

3. 1 .5   
bi l l  of resou rces  
l i sti ng  of a l l  resources  and  when  i n  the  production  process  they are  needed  to  produce  a  product 

NOTE  I t  i s  a l so  a  l i s ti n g  of the  key resou rces  requ i red  to  manu factu re  a  product,  organ i zed  as  segmen ts  of 
producti on  and  i s  often  used  to  pred i ct  the  impact  of acti vi ty changes  i n  the  master producti on  schedu l e  

on  the  supply of resou rces.   

3. 1 .6   
capabi l i ty 
abi l i ty to  perform  actions,  i ncl ud ing  attribu tes  on  qual i fications  and  measures  of the  abi l i ty 
as  capaci ty 

3. 1 .7   
capacity 
measure  of the  abi l i ty to  take  action ,  an  aspect of a  capabi l i ty 

EXAMPLE   Measu res  of the  producti on  rates,  fl ow rates,  mass  or vol ume.  

3. 1 .8   
certi fi cate  of an al ysi s   

certi fi cation  of conformance  to  qual i ty standards  or speci fications  for products  or materia ls   
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NOTE   I t  can  i n cl u de  a  l i s t  or reference  of anal ys i s  resu l ts  and  process  i n formati on .  I t  i s  often  requ i red  for 
custody transfer of materi a l s .   

3. 1 .9   
com mi tted  capacity 
portion  of the  production  capaci ty that i s  curren tly i n  use  or i s  schedu led  for use   

3. 1 .1 0   
con su mables  

resources  that are  not normal ly i ncluded  i n  b i l l s  of material  or are  not i nd ividual l y accoun ted  for 
i n  speci fic  production  requests  or are  not l ot tracked  

3. 1 .1 1   
control  dom ai n  
[see  manufacturing  operations  and  control  domain ]    

3. 1 .1 2   
enterprise  
one  or more  organ izations  sharing  a  defin i te  m ission ,  goals  and  objectives  to  offer an  ou tpu t 
such  as  a  product or service  

3. 1 .1 3   
fi n ish ed  g oods  
final  materials  on  wh ich  a l l  processing  and  production  i s  completed   

3. 1 .1 4  
fi n ish ed  g ood  wai vers  
approvals  for deviation  from  normal  product speci fications  

3. 1 .1 5   
i n -process  wai ver req u ests  
requests  for waivers  on  normal  production  procedures  due  to  deviations  i n  materia ls ,  equ ipment,  
or qual i ty metrics,  where  normal  product speci fications  are  main tained  

3. 1 .1 6   
man u factu ri n g  operati on s  management domai n   
domain  that i ncludes  a l l  the  acti vi ties  i n  Level  3  and  i n formation  fl ows  to  and  from  levels  1 ,  2  and  
4  

NOTE  The  manu factu ri ng  operati ons  managemen t domain  i s  a  subset  of the  manu factu ri ng  operati ons  and  
con tro l  d omai n  

3. 1 .1 7   
m anu factu ri n g  operati ons  an d  con trol  dom ain   
control domain 

domain  that i ncludes  a l l  the  activi ties  and  i n formation  fl ows  i n  Level  3 ,  2 ,  and  1  and  i n formation  
fl ows  to  and  from  Level  4 .  

3 . 1 . 1 8   
process  seg m en t 
business process segment 
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view of a  col lection  of resources  wi th  speci fic  capabi l i ti es  needed  for a  segment of production ,  
i ndependent of any particu lar product at  the  l evel  of detai l  requ i red  to  support business  
processes  that may al so  be  i ndependent of any particu lar product 

NOTE  1   Th i s  may i ncl ude  materi a l ,  energy,  personnel ,  or equ i pmen t.   

NOTE  2   The  bus i ness  process  segmen t synonym  i s  i ncl uded  to  refl ect  the  bus i ness  process  ori en ted  aspects  of 
the  process  segmen t 

3. 1 .1 9  
produ ct d efi n i tion  
col lection  of i n formation  abou t resources,  production  ru les  and  schedu l ing  requ i red  to  create  a  
product.  A product defin i tion  has  an  external  reference  to  a  b i l l  of materia ls ,  a  product production  
ru le,  and  a  b i l l  of resources  

3. 1 .20   
produ ct seg m ent 
l og ical  g rouping  of personnel  resources,  equ ipment resources,  and  materia l  speci fications  
requ i red  of a  process  segment to  complete  a  production  step  for a  speci fic  product  

3. 1 .21   
produ cti on  capabi l i ty 
abi l i ty of resources  to  perform  production  i n  the  en terprise.  The  production  capabi l i ty i ncludes  
the  capaci ty of those  resources  and  represen ts  

a)   the  col l ection  of personnel ,  equ ipment,  materia l ,  and  process  segment capabi l i ties;   

b)  the  tota l  of the  curren t commi tted ,  avai lable,  and  unatta inable  capaci ty of the  production  
faci l i ty;   

c)  the  h ighest sustainable  ou tpu t rate  that cou ld  be  ach ieved  for a  g iven  product m ix,  raw 
materia ls ,  worker effort,  p lan t,  and  equ ipment  

3. 1 .22   
produ ction  control  
col lection  of functions  that manages  a l l  production  wi th in  a  s i te  or area  

3. 1 .23   
produ cti on  l i n e  
work center that i s  a  col lection  of equ ipment ded icated  to  the  manufacture  of a  speci fic  number 
of products  or product fami l ies  

3. 1 .24  
produ cti on  ru l es  
i n formation  used  to  i nstruct a  manufacturing  operation  how to  produce  a  product 

3. 1 .25   
produ ction  u n i t  
work cen ter that i s  a  set of production  equ ipment that converts,  separates,  or reacts  one  or more  
feedstocks  to  produce  i n termed iate  or fi nal  products  

3. 1 .26   
ph ysi cal  asset 
A physical  object un iquely i den ti fied  and  tracked  for main tenance  and /or fi nancia l  pu rposes.  

NOTE:  Th i s  s tandard  add resses  phys i cal  assets  used  i n  equ i pmen t ro l es .   There  are  many other physi cal  assets  
i n  an  en terpri se.  
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3. 1 .27   
resou rce  
enterprise  en ti ty that provides  some  or a l l  of the  capabi l i ties  requ i red  by the  execu tion  of 
an  en terprise  activi ty and /or business  process  ( i n  the  con text of th i s  standard ,  a  col lection  
of personnel ,  equ ipment,  and /or materia l )   

3. 1 .28  
s i te  
a  component of a  manufacturing  en terprise  that i s  i den ti fied  by physical ,  geograph ical ,  or l og ical  
segmentation  

3. 1 .29  
storag e  u n i t  
work un i t  wi th in  a  storage  zone  that i s  a  designated  physical  space  and /or equ ipment ded icated  
to  the  storage  of materia ls  and /or equ ipment 

3. 1 .30  
storag e  zone  
work cen ter that i s  a  designated  physical  space  and /or equ ipment ded icated  to  the  storage  of 
materia ls  and /or equ ipment 

3. 1 .31   
u nattai n abl e  capaci ty 
portion  of the  production  capaci ty that cannot be  attained  

NOTE   Typica l l y d ue  to  factors  such  as  equ ipment  unavai l ab i l i ty,  sub-optimal  schedu l i ng ,  or resou rce  l im i tati ons.  

3. 1 .32   
work cel l  
a  work un i t  wi th in  a  production  l i ne  that consists  of equ ipment grouped  together to  produce  a  
fami ly of parts  having  s im i lar manufacturing  requ i rements  

3. 1 .32  
work cen ter 
an  equ ipment e lement under an  area  i n  a  role  based  equ ipment h ierarchy that performs  
production ,  storage,  materia l  movement,  or any other Level  3  or Level  4  schedu led  activi ty 

3. 1 .33  
work u n i t  
an  equ ipment e lement under a  work cen ter i n  a  role  based  equ ipment h ierarchy that performs 
production ,  storage,  materia l  movement,  or any other Level  3  or Level  4  schedu led  activi ty 

3. 2  Abbrevi ation s  

For the  purposes  of th i s  standard ,  the  fol l owing  abbreviations  apply.  

BOL   B i l l  of l ad ing  

BOM   B i l l  of materia l   

C IM   Computer i n tegrated  manufacturing  

COA   Certi fi cate  of analysis   

M ESA   Manufacturing  En terprise  Solu tions  Association  

M O&C   Manufacturing  operations  and  control   
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M OM   Manufacturing  operations  management 

M RP    Materia ls  requ i rements  p lann ing   

PRM   Purdue  reference  model  

U M L   Un i fied  model ing  l anguage  ( I SO/IEC 1 9501 -1 )  

4 En terpri se-control  system  in tegrati on  overvi ew  

Successfu l l y addressing  the  i ssue  of en terprise-control  system  i n tegration  requ i res  i den ti fying  
the  boundary between  the  en terprise  domain  and  the  manufacturing  operations  and  con trol  
domain .  The  boundary i s  i den ti fied  using  relevant models  that represen t functions,  physical  
equ ipment,  i n formation  wi th in  the  manufacturing  operations  and  control  domain ,  and  i n formation  
fl ows  between  the  domains.   

Mu l tiple  models  show the  functions  and  i n tegration  associated  wi th  manufacturing  operations  
and  con trol  systems  and  en terprise  systems.   

a)  H ierarchy models  that describe  the  levels  of functions  and  domains  of con trol  associated  
wi th in  manufacturing  organ izations  are  presented  i n  Clause  5.  These  models  are  based  on  
The Purdue Reference Model for CIM,  referenced  as  PRM;  the  MESA I n ternational  
Functional  Model ;  and  the  equ ipment h ierarchy model  from  I EC  61 51 2-1 .  Detai led  activi ty 
models  of the  manufacturing  operations  domain  are  g iven  i n  Part 3 .  

NOTE   See  the  B i b l i og raphy for reference  to  the  MESA wh i te  paper d efi n i ng  MES  functi ona l i ty.  

 

b)  A data  fl ow model  that describes  the  functional  and  data  fl ows  wi th in  manufacturing  
organ izations  i s  g i ven  i n  Clause  6 .  Th is  model  i s  a lso  based  on  The  Purdue  Reference  Model  
for CIM .  

c)  An  object model  that describes  the  i n formation  that may cross  the  en terprise  and  con trol  
system  boundary i s  g i ven  i n  Part 2 .   

 

Domain
descriptions

Functions
in  domains

Functions
of interest

Information
flows of interest

Categories
of information

Information
descriptions

IEC   325/03  

Fi g u re  1  – Ou tl i n e  of model s  i n  th e  stan dard  
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Th is  standard  provides  models  and  i n formation  i n  mu l tip le  l evels  of detai l  and  abstraction .  These  
levels  are  i l l ustrated  i n  F igu re  1 ,  wh ich  serves  as  a  map  to  the  rest of the  document.  Each  model  
and  d iagram  increases  the  l evel  of detai l  presen ted  i n  the  previous  model .   

The  models  start wi th  a  description  of the  domain  of con trol  systems  and  the  domain  of 
en terprise  systems.  The  domain  d i scussion  i s  con tained  i n  Clause  5.  

Functions  wi th in  the  domains  are  presented  i n  Clauses  5  and  6 .  Functions  of i n terest that are  
relevan t to  the  standard  are  a lso  g iven  a  detai led  description  i n  Clause  6 .  The  i n formation  flows  
of i n terest between  the  relevant functions  are  l i sted  i n  6 . 5.  

The  categories  of i n formation  are  g i ven  i n  Clause  8 .  The  formal  object model  of the  i n formation  
of i n terest i s  presented  i n  Part 2 .  

The  i n formation  that flows  between  functions  i den ti fied  as  being  wi th in  the  MO&C domain  
and  those  ou tside  the  MO&C domain  describe  the  en terprise-con trol  system  boundary.  
I n formation  exchanged  between  functions  wi th in  the  MO&C domain  and  i n formation  exchanged  
between  functions  ou ts ide  the  MO&C domain  i s  ou ts ide  the  scope  of th i s  document.  F igure  2  
i l l ustrates  the  en terprise-control  system  in terface,  as  depicted  i n  the  data  fl ow model ,  between  
con trol  and  non-con trol  functions;  the  shaded  ci rcles  i nd icate  functions  that exchange 
i n formation  and  are  described  i n  the  data  fl ow model .  Functions  depicted  as  wh i te  ci rcles  and  
data  fl ows  depicted  as  dashed  l i nes  are  those  considered  as  ou tside  the  scope  of th is  standard .    
I n formation  fl ows  of i n terest across  the  en terprise-control  system  boundary are  g iven  i n  Part 2  
and  Part 5 .   Some  i n formation  fl ows  wi th in  the  manufacturing  and  operations  domain  are  g iven  i n  
Part 4  and  Part 6 .   

Functions outside the

control  domain

(e.g.  production  schedul ing)

(e.g.  production  schedule and production  results)

Information  flows of interest

Functions within  the

manufacturing  and control  domain

(e.g.  equipment monitoring)

Enterprise-control  system boundary

Functions detai led

Functions not detai led

Data flows detai led

Data flows not detai led

Functions detai led

Functions not detai led

Data flows detai led

Data flows not detai led
 

Fi g u re  2  – Enterpri se-con trol  system  i n terface  

5 H i erarch y m odel s  

5. 1  H ierarch y model  i n trod u cti on  

Clause  5  presen ts  the  h ierarchy models  associated  wi th  manufacturing  operations  and  con trol  
systems  and  other business  systems.   The  h ierarchy models  are,  a  functional  h ierarchy,  a  role  
based  equ ipment h ierarchy,  a  physical  asset equ ipment h ierarchy,  and  a  decis ion  h ierarchy.   
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5. 2  Fu n ctional  h i erarch y 

5. 2 .1  H ierarch y l evel s  

Figure  3  depicts  the  d i fferent l evels  of a  functional  h ierarchy model :  business  p lann ing  and  
log istics,  manufactu ring  operations  and  con trol ,  and  batch ,  con tinuous,  or d i screte  con trol .  The  
levels  provide  d i fferent functions  and  work i n  d i fferent timeframes.  The  i n terface  addressed  i n  
th i s  standard  i s  between  Level  4  and  Level  3  of the  h ierarchy model .  Th is  i s  general l y the  
i n terface  between  p lan t production  schedu l ing  and  operation  management and  p lan t floor 
coord ination .   

Th is  standard  speci fies  that each  level  shal l  provide  the  functions  l i sted  below and  i l l ustrated  i n  
F i gure  3 .  

Level  0   defi nes  the  actual  physical  processes.   

Level  1   defi nes  the  acti vi ti es  i nvolved  i n  sensing  and  man ipu lati ng  the  physical  processes.  
Level  1  typical l y operates  on  time  frames  of seconds  and  faster.   

Level  2   defines  the  activi ties  of mon i toring  and  con trol l i ng  the  physical  processes.  Level  2  
typical l y operates  on  time  frames  of hours,  m inu tes,  seconds  and  sub-seconds.   

Level  3   defines  the  activi ties  of the  work flow to  produce  the  desi red  end-products.  I t  i ncludes  
the  activi ties  of main ta in ing  records  and  coord inating  the  processes.  Level  3  typical l y 
operates  on  time  frames  of days,  sh i fts ,  hours,  m inu tes  and  seconds.   

Level  4   defines  the  business-related  activi ties  needed  to  manage  a  manufacturing  
organ ization .  Manufacturing-re lated  activi ties  i nclude  establ i sh ing  the  basic p lant  
schedu le  (such  as  materia l  use,  del i very and  sh ipping),  determin ing  i nven tory l evels  
and  making  su re  that materia ls  are  del i vered  on  time  to  the  righ t p l ace  for production .  
Level  3  i n formation  i s  cri tical  to  Level  4  activi ties.  Level  4  typical l y operates  on  time  
frames  of mon ths,  weeks  and  days.   

NOTE  1 :   There  are  other non  manufactu ri ng  bus i ness-re l ated  acti vi ti es  that  may be  i n  Levels  1  th rough  4  or h i gher 
l eve l s ,  bu t  these  are  not  d efi ned  i n  th i s  s tandard ,  for example  secu ri ty acti vi ti es .  

NOTE  2 :  The  terms  fu ncti on  and  acti vi ty are  u sed  as  synonyms.   
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Level  4

Level  1

Level  2

Level  3

Business Planning 

& Logistics
Plant Production  Schedul ing,

Operational  Management,  etc

Manufacturing  

Operations Management
Dispatching  Production,  Detai led Production

Schedul ing,  Reliabil ity Assurance,  . . .

Batch

Control

Discrete

Control
Continuous

Control
1 - Sensing the production  process,  

manipulating  the production  process

2 - Monitoring,  supervisory control  and  
automated control  of the production process

Time Frame
Hours,  minutes,  seconds,  subseconds

3 - Work flow / recipe control  to produce the 
desired end  products.  Maintaining  records 
and  optimizing  the production  process.  

Time Frame
Days,  shifts,  hours,  minutes,  seconds

4 - Establ ishing the basic plant schedule -
production,  material  use,  del ivery,  and  
shipping.  Determining inventory levels.  

Time Frame
Months,  weeks,  days

Level  0 0 - The actual  production process
  

Fi gu re  3  – Fu ncti on al  h ierarch y 

Levels  2 ,  1 ,  and  0  presen t the  cel l  or l i ne  supervision  functions,  operations  functions,  and  
process  control  functions  and  are  not addressed  in  th i s  standard .  The  d iscussion  and  l abel ing  of 
l evels  i s  based  on  a  h istorical  description .  Level  0  i nd icates  the  process,  usual l y the  
manufacturing  or production  process.  Level  1  i nd icates  manual  sensing ,  sensors,  and  actuators  
used  to  mon i tor and  man ipu late  the  process.  Level  2  i nd icates  the  con trol  acti vi ties,  e i ther 
manual  or au tomated ,  that keeps  the  process  stable  or under con trol .  There  are  several  d i fferent 
models  for the  functions  at  these  l evels  based  on  the  actual  production  strategy used .   

For purposes  of th i s  standard  the  term inology Manufacturing  Operations  Management (MOM)  
defines  the  Level  3  activi ties  and  i n formation  fl ows,  and  Manufactu ring  Operations  and  Control  
(MO&C)  define  Level  1 ,  2 ,  and  3  activi ties  and  i n formation  fl ows.   The  standard  assumes  a l l  
activi ties  not expl ici tl y presen ted  as  part of the  MO&C domain  to  be  part of the  en terprise  
domain .  

5. 2. 2  Cri teri a  for i n cl u si on  in  m an u factu ri ng  operati ons  an d  con trol  domai n  

The  cri terion  for defi n ing  the  acti vi ties  to  be  i ncluded  as  a  Level  3 ,  2 ,  or 1  acti vi ty shal l  be  that 
the  activi ty i s  d i rectly i nvolved  i n  manufacturing  and  i ncludes  i n formation  about personnel ,  
equ ipment,  or materia l  and  meets  any of the  fo l lowing  cond i tions.   

a)  The  acti vi ty i s  cri tical  to  p lan t safety.  

b)  The  acti vi ty i s  cri tical  to  p lan t re l iabi l i ty.  

c)  The  acti vi ty i s  cri tical  to  p lan t efficiency.  

NOTE  1   Absol u te  p l an t  effi ci enci es  may be  d ependent  upon  factors  that  are  ou ts i de  the  con tro l  of a  faci l i ty  
(MRP  schedu l es ,  product  m i xes,  etc. ) .  These  acti vi ti es  are  not  part  of Level  3 ,  2 ,  or 1 .  

d)  The  activi ty i s  cri ti ca l  to  product qual i ty.  

e)  The  acti vi ty i s  cri ti ca l  to  main tain ing  regu latory compl iance.  
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EXAMPLE  Mai n ta i n i ng  reg i ona l ,  governmen t  and  other agency compl i ance  re l ated  to  products  and  producti on .   

NOTE  2   Th i s  i ncl udes  such  factors  as  safety,  envi ronmen tal  and  cGMP  (cu rren t  good  manu factu ri ng  
practi ces)  compl i ance.  

NOTE  3   There  are  other cri teri a  such  as  company pol i cy and  organ i zati onal  s tructu re,  or the  natu re  of the  

operati ons  that cou l d  expand  the  scope  of manu factu ri ng  operati ons  managemen t.  See  Annex A.   

NOTE  4   Such  acti vi ti es  as  personnel  managemen t  of sa l ari es  and  j ob  t i tl es  may be  importan t  for runn i ng  a  
manu factu ri ng  bus i ness ,  bu t  they are  not  cons i dered  part  of manu factu ri ng  operati ons  managemen t.   

5. 2. 3  Level  4   

Level  4  activi ties  typical l y i nclude  

a)  col lecting  and  main tain ing  raw material  and  spare  parts  usage  and  avai lable  i nven tory,  and  
provid ing  data  for pu rchase  of raw materia l  and  spare  parts;  

b)  col lecting  and  main tain ing  overal l  energy use  and  avai lable  i nven tory and  provid ing  data  for 
purchase  of energy source;  

c)  col lecting  and  main tain ing  overal l  goods  i n  process  and  production  i nven tory fi l es;  

d )  col lecting  and  main tain ing  qual i ty con trol  fi l es  as  they re late  to  customer requ i rements;   

e)  col l ecting  and  main ta in ing  mach inery and  equ ipment use  and  l i fe  h i story fi l es  necessary for 
preven tive  and  pred ictive  main tenance  plann ing ;  

f)  col l ecting  and  main tain ing  manpower use  data  for transmi tta l  to  personnel  and  accounting ;  

g )  establ i sh ing  the  basic p lan t production  schedu le;  

h )  mod i fying  the  basic p lan t production  schedu le  for orders  received ,  based  on  resource  
avai labi l i ty changes,  energy sources  avai lable,  power demand  l evels,  and  main tenance  
requ i rements;  

i )  developing  optimum  preven tive  main tenance  and  equ ipment renovation  schedu les  i n  
coord ination  wi th  the  basic p lan t production  schedu le;  

j )  determin ing  the  optimum  inventory levels  of raw materia ls ,  energy sources,  spare  parts,  and  
goods  i n  process  at each  storage  poin t.  These  functions  a l so  i nclude  materia ls  requ i rements  
p lann ing  (MRP)  and  spare  parts  procurement;   

k)  mod i fying  the  basic p lan t production  schedu le  as  necessary whenever major production  
i n terruptions  occur;  

l )  p lann ing  production  capaci ty,  based  on  a l l  of the  above  activi ties.  

5. 2. 4 Level  3   

5. 2 .4.1  Level  3  acti vi ti es  

Level  3  activi ties  typical l y i nclude  

a)  reporting  on  area  production  i nclud ing  variable  manufacturing  costs  based  on  the  en terprise  
standard  cost model ;  

b)  col lecting  and  main ta in ing  area  data  on  production ,  i nven tory,  manpower,  raw materia ls,  
product qual i ty,  spare  parts  and  energy usage;  

c)  performing  of data  col lection  and  off- l i ne  analysis  as  requ i red  by eng ineering  functions.  Th is  
may i nclude  stati stical  qual i ty analysis  and  related  control  functions;  

d )  performing  needed  personnel  functions  such  as:  work period  stati stics  (for example,  time,  
task),  vacation  schedu le,  work force  schedu les,  un ion  l i ne  of progression ,  and  i n -house  
tra in ing  and  personnel  qual i fi cation ;  
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e)  establ i sh ing  the  immed iate  detai led  production  schedu le  for i ts  own  area  i nclud ing  
main tenance,  transportation  and  other production -related  needs;  

f)  l ocal l y optim izing  the  costs  for i ts  i nd ividual  production  area  wh i le  completing  the  production  
schedu le  establ i shed  by the  Level  4  functions;  

g )  mod i fying  production  schedu les  to  compensate  for p lan t production  i n terruptions  that may 
occur i n  i ts  area  of responsibi l i ty;  

h )  manag ing  manufacturing  operations;  

i )  manag ing  main tenance  on  production  equ ipment;  

j )  manag ing  laboratory and  qual i ty testing  of materia ls;  

k)  manag ing  movement and  storage  of materia ls;  

l )  transforming  the  business  orien ted  i n formation  used  for Level  4-3  data  exchanges  i n to  the  
manufacturing  operations  management orien ted  i n formation  used  wi th in  Levels  3  and  below.  

Descriptions  of the  major functional i ties  associated  wi th  these  various  Level  3  activi ties  are  g iven  
i n  5 . 2 . 4 . 2  through  5. 2 . 4 . 1 3.   

5. 2. 4. 2  Resou rce  al l ocati on  and  control  

The  MOM  domain  i ncludes  the  functional i ty of manag ing  resources  d i rectly associated  wi th  
con trol  and  manufacturing .  The  resources  i nclude  mach ines,  tools,  l abor ski l l s ,  materials ,  other 
equ ipment,  documents,  and  other en ti ti es  that are  requ i red  for work to  start  and  to  be  completed .  
The  management of these  resources  may i nclude  local  resource  reservation  to  meet production-
schedu l ing  objectives.  

The  MOM  domain  a lso  ensures  that equ ipment i s  properly set up  for processing ,  i nclud ing  any 
a l l ocation  needed  for set-up.  The  MOM  domain  i s  a l so  responsib le  for provid ing  real -time  
statuses  of the  resources  and  a  detai led  h i story of resource  use.   

5. 2. 4. 3  Dispatch in g  prod u cti on   

The  MOM  domain  i ncludes  the  functional i ty of manag ing  the  fl ow of production  i n  the  form  of 
j obs,  orders,  batches,  l ots,  and  work orders,  by d ispatch ing  production  to  speci fic  equ ipment and  
personnel .  D ispatch  i n formation  i s  typical ly presen ted  i n  the  sequence  i n  wh ich  the  work needs  
to  be  done  and  may change  in  real  time  as  events  occur on  the  factory fl oor.   

The  MOM  domain  may a l ter the  prescribed  schedu les,  wi th in  agreed  l im i ts,  based  on  l ocal  
avai labi l i ty and  curren t cond i tions.  D ispatch ing  of production  i ncludes  the  abi l i ty to  con trol  the  
amount of work i n  process  at any poin t  through  bu ffer management and  management of rework 
and  sa lvage  processes.   

5. 2. 4. 4 Data  col lecti on  and  acqu i si ti on  

The  MOM  domain  i ncludes  the  functional i ty of obtain ing  the  operational  production  and  
parametric data  that are  associated  wi th  the  production  equ ipment and  production  processes.   

The  MOM  domain  a lso  i s  responsib le  for provid ing  real -time  statuses  of the  production  
equ ipment and  production  processes  and  a  h i story of production  and  parametric data.   
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5. 2.4.5  Qu al i ty operati on s  managemen t 

The  MOM  domain  i ncludes  the  functional i ty of provid ing  real -time  measurements  col lected  from  
manufacturing  and  analysis  i n  order to  assure  proper product qual i ty con trol  and  to  i den ti fy 
problems  requ i ring  atten tion .  I t  may recommend  actions  to  correct the  problem,  i nclud ing  
correlating  the  symptoms,  actions  and  resu l ts  to  determine  the  cause.   

I t  i ncludes  statistical  process  con trol /statisti cal  qual i ty con trol  (SPC/SQC),  tracking  and  
management of off- l i ne,  on  l i ne,  or i n - l i ne  i nspection  operations,  and  analysis  recorded  i n  
l aboratory i n formation  management systems.  

5. 2. 4.6  Process  man ag em ent 

The  MOM  domain  i ncludes  the  functional i ty of mon i toring  production  processes  and  ei ther 
au tomatical l y corrects  or provides  decis ion  support to  operators  for correcting  and  improving  i n -
process  functions.  These  functions  may be  i n tra-operational  and  focus  speci fical l y on  mach ines  
or equ ipment being  mon i tored  and  control led  wi th in  a  s ing le  operation ,  as  wel l  as  tracking  a  
production  process  from  one  operation  to  the  next.   

I t  may i nclude  a larm  and  even t management to  make  sure  personnel  are  aware  of process  
changes  that may be  ou ts ide  acceptable  tolerances.   

5. 2.4.7  Produ cti on  tracki n g   

The  MOM  domain  i ncludes  the  functional i ty of provid ing  the  status  of production  and  the  
d i sposi tion  of work.  Status  i n formation  may i nclude  personnel  assigned  to  the  work;  component 
materia ls  used  i n  production ;  curren t production  cond i tions;  and  any a larms,  rework,  or other 
exceptions  related  to  the  product.  The  functional i ty i ncludes  the  capabi l i ty of record ing  the  
production  i n formation  to  a l l ow forward  and  backward  traceabi l i ty of components  and  thei r use  
wi th in  each  end  product.   

5. 2.4.8  Performance an al ysi s  

The  MOM  domain  i ncludes  the  functional i ty of provid ing  up-to-the-minu te  reporting  of actual  
manufacturing  operations  resu l ts  a long  wi th  comparisons  to  past h i story and  expected  resu l ts .  
Performance  resu l ts  i nclude  such  measurements  as  resource  u ti l i zation ,  resource  avai labi l i ty,  
product un i t  cycle  time,  conformance  to  schedu le,  and  performance  to  standards.  Performance  
analysis  may i nclude  SPC/SQC analysis  and  may d raw from  i n formation  gathered  by d i fferen t 
con trol  functions  that measure  operating  parameters.   

5. 2.4. 9  Operati ons  and  detai led  schedu l in g  

The  MOM  domain  i ncludes  the  functional i ty of provid ing  the  sequence  and  the  tim ing  of 
operations  based  on  priori ties,  attribu tes,  characteristics,  and  production  ru les  associated  wi th  
speci fic  production  equ ipment and  speci fic product characteristics,  such  as  shape,  color 
combinations  or other requ i rements  that,  when  schedu led  properly i n  deta i l ,  wi l l  tend  to  m in im ize  
set-up  time  and  effort,  or i ncrease  production  th roughpu t.  Operations  and  detai led  schedu l ing  
take  in to  accoun t the  fi n i te  capaci ty of resources  and  consider a l ternative  and /or 
overlapping/paral le l  operations  when  detai l i ng  the  tim ing  of equ ipment l oad ing  and  the  particu lar 
ad justments  to  accommodate  sh i ft  patterns.  
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5. 2.4.1 0  Docu m ent control  

The  MOM  domain  i ncludes  some of the  functional i ty of con trol l i ng  records  and  forms  that are  
main ta ined  wi th  the  production  un i t.  The  records  and  forms  i nclude  work i nstructions,  recipes,  
d rawings,  standard  operating  procedures,  part programs,  batch  records,  eng ineering  change  
notices,  sh i ft-to-sh i ft  commun ication ,  as  wel l  as  the  abi l i ty to  ed i t  “as  p lanned”  and  “as  bu i l t”  
i n formation .  I t  wou ld  a lso  i nclude  the  con trol  and  i n tegri ty of regu latory documentation ,  
envi ronmental ,  heal th  and  safety regu lations,  and  SOP i n formation  such  as  corrective  action  
procedures.   

5. 2.4.1 1  Labor manag emen t 

The  MOM  domain  i ncludes  some of the  functional i ty of provid ing  status  of personnel  and  may 
i nclude  time  and  attendance  reporting ,  certi fi cation  tracking ,  as  wel l  as  the  abi l i ty to  track 
production  support functions  performed  by personnel ,  such  as  materia l  preparation  or tool  room  
work,  and  provid ing  the  status  as  a  basis  for activi ty-based  costing .  Labor management may 
in teract wi th  resource  a l l ocation  to  determine  personnel  assignments  i n tended  to  optim ize  
production  or resource  u ti l i zation .   

5. 2. 4. 1 2  M ai nten an ce  operati ons  management 

The  MOM  domain  i ncludes  some of the  functional i ty of main ta in ing  equ ipment and  tools.  The  
functions  ensure  the  equ ipment and  tools  avai labi l i ty for manufactu ring .  They a lso  may i nclude  
schedu l ing  for period ic,  preven tive,  or pred ictive  main tenance  as  wel l  as  respond ing  to  
immed iate  problems.  Main tenance  management main ta ins  a  h i story of past events  or problems  
to  a id  i n  d iagnosing  problems,  such  as  equ ipment performances,  main tenance  personnel  
performances,  or i nstrumentation  re l iabi l i ti es.   

5. 2. 4. 1 3  M ovem en t,  storag e  an d  trackin g  of m ateri al s  

The  MOM  domain  i ncludes  some  of the  functional i ty of manag ing  and  tracking  the  movement and  
storage  of materia ls ,  i n -process  i tems  and  fi n ished  products,  as  wel l  as,  the  transfers  between  
and  wi th in  work cen ters.  I n  some i nstances,  these  functions  may a l so  i nclude  receipt of materia l ,  
certain  types  of materia l  testing ,  processing  or conversion  and  preparing  materia l  for sh ipment.  

5. 3  Rol e  based  equ i pmen t h i erarch y  

5. 3. 1  Rol e  based  equ i pmen t h i erarch y m odel  

The  assets  of an  en terprise  i nvolved  i n  manufacturing  are  usual l y organ ized  i n  a  ro le  based  
h ierarch ical  fash ion  as  i l l ustrated  i n  F i gure  4 .  Lower-level  g roupings  are  combined  to  form  h igher 
l evels  i n  the  role  based  h ierarchy.  I n  some cases,  a  g rouping  wi th in  one  level  may be  
i ncorporated  i n to  another g rouping  at that same l evel .  

NOTE  1  The  term  rol e  based  i s  appl i ed  to  the  equ i pmen t model  to  i nd i cate  that  the  h i erarchy i s  defi ned  i n  terms  of 
the  Level  3  and  4  functi ons  and  acti vi ti es  that  equ i pment en ti ti es  may perform .   The  actua l  phys ical  

l ocati on ,  composi ti on ,  and  re l ati onsh ips  of the  equ ipmen t  en ti t i es  are  defi ned  i n  a  physi cal  asset  
equ ipmen t h i erarchy.  

Th is  model  shows  the  areas  of responsib i l i ty for the  d i fferen t function  l evels  defined  i n  the  
functional  h ierarch ical  model  of F igure  3 .  The  role  based  equ ipment h ierarchy model  add i tional l y  
describes  some of the  objects  u ti l i zed  i n  i n formation  exchange  between  functions.   

The  models  may be  col lapsed  or expanded  as  requ i red  for speci fic  appl ications.  

NOTE  2    Speci fi c  ru l es  for col l apsi ng  and  expand ing  these  model s  are  not  defi ned  i n  th i s  s tandard .  The  fo l l owing  
gu i del i nes  shou l d  be  cons i dered  for col l apsi ng  and  expand i ng  the  model s .  
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1 .  Col l apsi ng  – E l emen ts  i n  the  model s  may be  om i tted  as  l ong  as  the  model s  remai n  consi sten t  and  the  

functi ons  of the  e l emen ts  combined  or removed  are  taken  i n to  accoun t.  

2 .  Expand ing  – E l emen ts  may be  added  to ,  or d i vi ded  wi th i n ,  the  model s .  When  they are  added  between  
re l a ted  e l ements,  the  i n teg ri ty of the  ori g i nal  re l ati onsh ip  shou l d  be  main ta i ned .   E l ements  may be  

d i vi ded  to  separate l y manage  the  resu l t i ng  smal l er e l emen ts.    

The  UML role  based  equ ipment model  defined  i n  Part 2  of th i s  standard  i s  used  to  define  the  role  
based  equ ipment h ierarchy i n formation .   The  Part 2  UML model  con tains  the  ru les  used  to  
construct the  h ierarch ical  models  used  i n  d i fferen t manufacturing  operations  management 
scenarios.  
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Fi gu re  4  – Rol e  based  equ i pmen t h i erarch y 

5. 3.2  Enterpri se   

An  en terprise  i s  a  col l ection  of s i tes  and  areas  and  represents  the  top  l evel  of a  role  based  
equ ipment h ierarchy.  The  en terprise  i s  responsible  for determin ing  what products  wi l l  be  
manufactured ,  at  wh ich  s i tes  they wi l l  be  manufactured ,  and  i n  general  how they wi l l  be  
manufactured .   

Level  4  functions  are  general l y concerned  wi th  the  enterprise  and  s i te  l evels.  However,  
en terprise  plann ing  and  schedu l ing  may involve  areas,  work cen ters,  or work un i ts  wi th in  an  
area.   
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5. 3.3  Si te   

A si te  i s  a  physical ,  geograph ical ,  or l og ical  g rouping  determined  by the  en terprise.  I t  may 
contain  areas,  production  l i nes,  process  cel l s ,  and  production  un i ts .  The  Level  4  functions  at a  
s i te  are  i nvolved  i n  l ocal  s i te  management and  optim ization .  S i te  p lann ing  and  schedu l ing  may 
involve  work cen ters  or work un i ts  wi th in  the  areas.   

A geograph ical  l ocation  and  main  production  capabi l i ty usual l y i den ti fies  a  s i te .  S i tes  general l y 
have  wel l -defined  manufactu ring  capabi l i ti es.   

NOTE   For example ,  s i te  i den ti fi ers  from  vari ous  i ndustri es  are  Da l l as  Expressway P l an t,  Deer Park O lefi ns  P l an t 
and  J ohnson  Ci ty Manu factu ri ng  Faci l i ty.  S i tes  are  often  u sed  for rough -cu t  p l ann ing  and  schedu l i ng .   

5. 3.4 Area  

An  area  i s  a  physical ,  geograph ical ,  or l og ical  g rouping  determined  by the  s i te .  I t  may con tain  
work cen ters  such  as  process  cel l s ,  production  un i ts ,  production  l i nes,  and  storage  zones.  Most 
Level  3  functions  occur wi th in  the  area.  The  main  production  capabi l i ty and  geograph ical  l ocation  
wi th in  a  s i te  usual l y i den ti fy areas.   

NOTE   For example ,  area  i d en ti fi ers  from  vari ous  i ndustri es  are  CMOS  Faci l i ty,  North  End  Tank Farm  and  
Bu i l d i ng  2  E l ectron ic  Assembly.   

Areas  general l y have  wel l -defined  manufacturing  capabi l i ti es  and  capaci ti es.  The  capabi l i ti es  
and  capaci ties  are  used  for Level  3  and  Level  4  p lann ing  and  schedu l ing .   

An  area  i s  made  up  of l ower-level  e lements  that perform  the  manufactu ring  functions.  An  area  
may have  one  or more  of any of the  l ower- level  e lements  depend ing  upon  the  manufactu ring  
requ i rements.   

EXAMPLE  1  Many areas  wi l l  h ave  a  combinati on  of producti on  l i nes  for the  d i screte  operati ons,  producti on  un i ts  for 
the  con ti n uous  processes,  and  process  cel l s  for batch  processes.   

EXAMPLE  2  A beverage  manu factu rer may have  an  area  wi th  con ti n uous  m i xi ng  i n  a  producti on  u n i t,  wh i ch  feeds  a  
batch  process  cel l  for batch  processi ng ,  feed ing  a  bottl i ng  l i ne  for a  d i screte  bottl i n g  process.   

Depend ing  on  the  p lann ing  and  schedu l ing  strategy selected ,  the  Level  4  functions  may stop  at  
the  area  level ,  or they may schedu le  the  functions  of the  l ower-level  e lements  wi th in  the  areas.   

5. 3. 5  Work cen ter an d  work u n i t  

Work cen ters  are  elements  of the  equ ipment h ierarchy under an  area.  The  term  work cen ter may 
be  used  when  the  speci fi c type  of the  equ ipment e lement i s  not s ign i ficant for the  purpose  of the  
d i scussion .   

For manufacturing  operations  management there  are  speci fic terms  for work cen ters  and  work 
un i ts  that apply to  batch  production ,  con tinuous  production ,  d iscrete  or repeti ti ve  production ,  and  
for storage  and  movement of material s  and  equ ipment.   

A work cen ter i s  any equ ipment e lement subord inate  to  an  area  that may be  defined  by the  user 
i n  an  extension  to  the  role  based  equ ipment h ierarchy model .  See  F igu re  4 .  Types  of work 
centers  speci fical l y defined  i n  th i s  part are  process  cel l s,  production  un i ts,  production  l i nes,  or 
storage  zones,  as  shown  i n  F igure  5.   

The  types  of work cen ters  may be  extended  when  requ i red  for appl ication  speci fic  ro le  based  
equ ipment h ierarch ies  where  the  defined  types  do  not apply.  When  a  new type  i s  added  i t  shal l  
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main ta in  the  same re lationsh ip  wi th in  the  h ierarchy as  the  defined  work cen ter types  (wi th in  an  
area  and  con tains  work un i ts).    

EXAMPLE  1  A new work cen ter type  represen ts  a  d i s ti nct  g roupi ng  of work un i ts  (a  s i ng l e  Work Un i t  cannot  bel ong  to  

more  than  one  Work Cen ter) .   

EXAMPLE  2  Add i ti onal  work cen ter types  are:  

•  Laboratory – used  i n  q ual i ty operati ons  

•  Mobi l e  Equ i pmen t  Poo l  

•  U nused  Equ ipmen t  S tore  –  used  i n  mai n tenance  operati ons  

•  Transportati on  Cen ter 

NOTE  1  The  ro l e  based  equ ipment h i erarchy i s  an  expansi on  of the  equ i pmen t h i erarchy model  descri bed  i n  

ANSI /I SA 88 . 01  and  I EC  61 51 2-1  and  i ncl udes  the  defi n i ti on  of assets  for d i screte  and  con ti n uous  
manu factu ri ng ,  and  for materi a l  s torage.   

NOTE  2  Extended  work cen ter types  are  ou ts i de  the  scope  of th i s  s tandard  and  appl i cati ons  bu i l t  u s i ng  the  

extensi ons  may not  be  i n teroperable.   
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Fi g u re  5  – Exam pl e  of defin ed  types  of work cen ters  an d  work u n i ts  

NOTE  3   Materi a l  i s  a l so  temporari l y s tored  i n  process  cel l s ,  producti on  un i ts  and  producti on  l i nes.  Th i s  materi a l  i s  

typ i ca l l y consi dered  WIP  and  i s  usual l y d i sti nct  from  i nven tory managed  materi a l s .  

A work un i t  i s  any e lement of the  equ ipment h ierarchy under a  work cen ter.  Work un i ts  are  the  
l owest form  of e lements  i n  an  equ ipment h ierarchy that are  typical l y schedu led  by Level  3  
functions.  See  F igure  5 .  

Work centers  are  typical l y the  g rouping  of equ ipment schedu led  by the  Level  4  or Level  3  
functions.  Work cen ters  have  wel l -defined  capabi l i ties  and  capaci ties  and  these  are  used  for 
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Level  3  functions.  The  capaci ties  and  capabi l i ties  are  a l so  often  used  as  i npu t to  Level  4  
business  processes.  Schedu l ing  functions  may i den ti fy speci fic  work un i ts .   

5. 3. 6  Produ cti on  u n i t  an d  u n i t  

Production  un i ts  and  un i ts  are  the  l owest l evel  of equ ipment typical l y schedu led  by the  Level  4  or 
Level  3  functions  for con tinuous  manufacturing  processes.  Production  un i ts  are  composed  of 
un i ts  and  un i ts  are  composed  lower l evel  e lements,  such  as  equ ipment modu les,  sensors,  and  
actuators,  bu t defin i tions  of these  are  ou ts ide  the  scope  of th i s  standard .  A production  un i t  
general l y encompasses  a l l  of the  equ ipment requ i red  for a  segment of con tinuous  production  that 
operates  i n  a  re latively au tonomous  manner.  I t  general ly converts,  separates,  or reacts  one  or 
more  feed  stocks  to  produce  i n termed iate  or fi nal  products.   

The  major processing  activi ty or product generated  often  i den ti fies  the  production  un i t.   

NOTE  For example,  producti on  un i t  i d en ti fi ers  from  vari ous  i ndustri es  are  Cata l yti c  Cracker #1 ,  S team  Cracker 

#59  and  Al kyl ati on  Un i t  2 .   

Production  un i ts  and  un i ts  have  wel l -defined  processing  capabi l i ti es  and  th roughpu t capaci ties  
and  these  are  used  for Level  3  functions.  The  capaci ti es  and  capabi l i ties  are  a lso  often  used  as  
i npu t to  Level  4  schedu l ing ,  even  i f the  un i ts  are  not schedu led  by the  Level  4  functions.   

5. 3. 7  Prod u cti on  l i n e  and  work cel l  

Production  l i nes  and  work cel l s  are  the  l owest l evels  of equ ipment typical l y schedu led  by the  
Level  4  or Level  3  functions  for d iscrete  manufacturing  processes.  Work cel l s  are  usual l y on ly 
i den ti fied  when  there  i s  fl exibi l i ty i n  the  rou ting  of work wi th in  a  production  l i ne.  Production  l i nes  
and  work cel l s  may be  composed  of l ower-level  e l ements,  bu t defin i tions  of these  are  ou tside  the  
scope  of th i s  document.   

The  major processing  activi ty often  i den ti fies  the  production  l i ne.   

NOTE  For example,  producti on  l i n e  i den ti fi ers  from  vari ous  i ndustri es  are  Bottl i ng  L i ne  #1 ,  Capping  L i ne  #1 5,  

CMOS  Li ne  #2  and  Water Pump  Assembl y L i ne  #4 .   

Production  l i ne  and  work cel l s  have  wel l -defined  manufacturing  capabi l i ties  and  th roughput 
capaci ties  and  these  are  used  for Level  3  functions.  The  capaci ti es  and  capabi l i ti es  are  a l so  
often  used  as  i npu t to  Level  4  schedu l ing ,  even  i f the  production  l i nes  and  work cel l s  are  not 
schedu led  by the  Level  4  functions.   

5. 3. 8  Process  cel l  and  u n i t  

Process  cel l s  and  un i ts  are  the  l owest l evel  of equ ipment typical l y schedu led  by the  Level  4  and  
Level  3  functions  for batch  manufactu ring  processes.  Un i ts  are  usual l y on ly i den ti fied  at  Level  3  
and  4  i f there  i s  flexib i l i ty  i n  the  rou ting  of the  product wi th in  a  process  cel l .  The  defin i tions  for 
process  cel l s  and  un i ts  are  contained  i n  I EC  61 51 2-1 .  

The  major processing  capabi l i ty or fami ly of products  produced  often  i den ti fies  the  process  cel l .   

NOTE  For example ,  process  cel l  i d en ti fi ers  from  vari ous  i n dustri es  are  M i xi ng  L i ne  #5,  West  S i de  G l ue  L i ne  and  
Detergen t L i ne  1 3 .   

Process  cel l s  and  un i ts  have  wel l -defined  manufacturing  capabi l i ti es  and  batch  capaci ties  and  
these  are  used  for Level  3  functions.  The  capaci ties  and  capabi l i ti es  may a lso  be  used  as  i npu t 
data  for Level  4  schedu l ing ,  even  i f the  process  cel l s  or un i ts  are  not schedu led  by the  Level  4  
functions.  



ANSI /ISA-95. 00.01 -201 0  ( I EC  62264-1  Mod)  -  30  -  

 

 

5. 3.9  Storag e zon e  and  storage  u n i t  

Storage  zones  and  storage  un i ts  are  the  l owest l evel  of material  movement equ ipment typical l y  
schedu led  by the  Level  4  and  Level  3  functions  for d iscrete,  batch  and  con tinuous  manufacturing  
processes.  A storage  zone  i s  a  type  of work cen ter and  a  storage  un i t  i s  a  type  of work un i t  that 
i s  organ ized  as  e lements  wi th in  an  area.  These  are  the  l ower-level  e lements  of an  equ ipment 
h ierarchy used  i n  materia l  storage  and  movement activi ties.   

A storage  zone  typical l y has  the  capabi l i ty  needed  for the  receipt,  storage,  retrieval ,  movement 
and  sh ipment of materia ls.  Th is  may i nclude  the  movement of materia ls  from  one  work center to  
another work center wi th in  or between  en terprises.   

NOTE  Materi a l  i s  a l so  temporari l y s tored  i n  process  cel l s ,  producti on  un i ts  and  producti on  l i nes.  Th i s  materi a l  i s  

typ i ca l l y consi dered  WIP  and  i s  usual l y d i sti nct  from  i nven tory managed  materi a l s .  

Storage  un i ts  are  typical l y managed  at  a  finer l evel  of detai l  than  a  storage  zone.  The  physical  
l ocation  of a  storage  un i t  may change  over time;  for example,  for goods  i n  transi t.  

Storage  un i ts  may be  ded icated  to  a  g i ven  materia l ,  g roup  of materia ls ,  or method  of storage.   

Storage  un i ts  can  be  fu rther d i vided  to  address  any h ierarch ical  storage  management scheme.  

5. 3.1 0  Storag e zon e  an d  storage  u n i t  exam ples  

Table  1  l i sts  examples  of a  h ierarchy of storage  zones  and  the  associated  storage  un i ts .   

Tabl e  1  – Storage  zone  and  storage u n i t  exampl es  

Storag e zon e  Storage  u n i t  

Warehouse  Rack/Bin /S lot 

Trai l er yard  Trai l er,  con tainer 

Tank farm  Tank,  p ipe  section ,  headers,  
shared  equ ipment 

S i lo  farm  S i lo,  p ipe  section ,  headers,  
shared  equ ipment 

Sh ip  term inal  Sh ip,  sh ip’s  hold ,  con tainer,  
barrel ,  tank 

Rai l  yard  Rai l car 

Hold ing  area  Pal let,  barrel  

 

5. 4 Ph ysi cal  asset equ i pmen t h i erarch y 

The  physical  assets  of an  en terprise  i nvolved  i n  manufacturing  are  usual l y a l so  organ ized  i n  a  
physical  asset equ ipment h ierarchy that may be  re lated  to  fi nancial  or cost cen ter con trol .  Lower-
level  g roupings  are  combined  to  form  h igher l evels  i n  the  physical  asset h ierarchy.  I n  some 
cases,  a  g rouping  wi th in  one  l evel  of the  physical  asset equ ipment h ierarchy may be  
i ncorporated  i n to  another g rouping  at that same l evel .  
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The  UML formal  physical  asset equ ipment model  defined  i n  Part 2  of th i s  standard  i s  used  to  
defi ne  the  physical  asset equ ipment h ierarchy in formation .   The  Part 2  UML model  con tains  the  
ru les  used  to  construct the  h ierarch ical  models  used  i n  d i fferen t operational  scenarios.    

The  physical  asset h ierarchy and  the  role  based  equ ipment h ierarchy may overlap  at any l evel ;  
however the  physical  asset h ierarchy often  con tains  add i tional  l evels  that correspond  to  e i ther a  
cost cen ter h ierarchy or a  physical  assembly h ierarchy,  l evels  i n  the  physical  asset h ierarchy 
may a l so  have  d i fferent names  than  the  role  h ierarchy,  such  as  S i te  Asset,  as  i l l ustrated  i n  
F i gure  6 .   Terminology for l evels  i n  the  physical  asset h ierarchy i s  not defined  i n  th is  Part.   

NOTE  1  The  phys ical  asset  equ i pment h ierarchy u sua l l y has  a  reference  to  an  accoun ti ng  h i erarchy i n  a  chart  of 
accoun ts.   A chart  of accoun ts  i s  a  l i s ti ng  of accoun ts  i n  a  fi nanci a l  system  and  i s  u sed  as  the  basi s  for 

prepari ng  fi nanci a l  reports  from  an  accoun ti ng  system.  

NOTE  2  S i ng l e  use  equ i pmen t may be  consi dered  as  equ i pment  or materi a l ,  wh i ch  i s  consumed ,  depend i ng  u pon  
the  appl i cati on .  For example  l oad  carri ers  such  as  con tai ners  and  pa l l ets  may be  s i ng l e  u se  equ i pmen t.  

ENTERPRISE

Company A

SITE

AREA

SITE

AREA

SITE

AREA

SITE

Boston

AREA

North  Bui lding

WORK CENTER

Line 52

ENTERPRISE

Company A

SITESITE
SITESITE
Boston

SITE ASSET

Test Machine 1 2

Role based equipment hierarchy Physical  asset equipment hierarchy

WORK UNIT

Test Machine 1 2

May correspond  to

May correspond  to

May correspond  to

May correspond  to

May correspond  to

Contains

Contains

 

Fi g u re  6  – Exampl e  of a  ph ysical  asset h ierarch y rel ated  to  rol e  based  eq u i pmen t 
h i erarch y 

5. 5  Decisi on  h ierarch y ( I n formati ve)  

I n  add i tion  to  the  h ierarchy of activi ties,  there  i s  a lso  a  h ierarchy of decis ion-making  and  
associated  schedu l ing  i nvolved  i n  en terprise-to-con trol  i n tegration .  The  decis ion  h ierarchy i s  
defined  i n  I SO-1 5704  I ndustria l  au tomation  systems  — Requ i rements  for en terprise-reference  
arch i tectures  and  methodolog ies.   
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6 Fu n cti on al  data  fl ow model  

6. 1  Fu n ction al  data  fl ow model  contents  

The  functional  data  fl ow model  shal l  i den ti fy and  re late  the  fol lowing :   

a)  functions  of an  en terprise  i nvolved  wi th  manufactu ring ;  

b)  i n formation  fl ows  between  the  functions  that  cross  the  en terprise-con trol  system  boundary.  

NOTE:  These  functi ons  and  fl ows  are  extracted  from  the  Pu rdue  Reference  Model  and  are  used  to  d efi ne  a  
rea l i sti c  and  comprehensi ve  set  of functi ons  and  data  fl ows  u sed  to  bu i l d  the  model s  defi ned  i n  other 

parts  of th i s  s tandard .   

-  The  d ata  structu res  for en terpri se-con tro l  system  i n teg rati on  i n formati on  are  descri bed  i n  Part  2 .  

-  The  functi ons  of the  Leve l  3  manu factu ri ng  operati ons  managemen t  (MOM)  are  described  i n  Part  3 .  

-  The  data  structu res  for manu factu ri ng  operati ons  and  con trol  i n teg rati on  i n formati on  are  described  i n  
Part  4 .  

-  The  data  fl ows  for en terpri se-con tro l  system  i n teg rati on  i n formation  are  d escri bed  i n  Part  5 .  

-  The  data  fl ows  for manu factu ri ng  operati ons  and  con trol  i n teg rati on  i n formati on  are  descri bed  i n  Part  
6 .  

6. 2  Fu n cti on al  d ata  fl ow model  notation  

The  en terprise-control  i n terface  i s  described  us ing  a  data  flow model .  The  model  uses  the  
Yourdon-DeMarco  notational  methodology (see  B ibl iography).   

Table  2  shows  the  Yourdon  notation  used  i n  the  functional  model .  

Tabl e  2  – You rdon  n otati on  u sed  

Sym bol  Defin i ti on  

Function

(4.0)

 

A function  i s  represen ted  as  a  l abeled  e l l i pse.  A function  i s  a  g roup  of 
tasks  that are  classi fied  as  having  a  common  objective.  Each  function  
can  be  fu rther decomposed  i n  terms  of deta i led  functions,  at a  more  
g ranu lar l evel .  Functions  at any l evel  of decomposi tion  are  i den ti fied  
wi th  a  name and  a  l evel  designation ,  for example,  3 . 1 . 3 .  The  successive  
numbers  i n  a  designation  represent the  depth  of deta i l  of an  i den ti fied  
function  i n  the  functional  h ierarchy level .   

.  

 

Data flow name
 

A sol i d  l i ne  wi th  an  arrow represen ts  a  g rouping  of data  that fl ows  
between  functions,  data  stores,  or external  en ti ties.  The  data  are  
defined  i n  the  en terprise-con trol  i n tegration  model .  Al l  sol id  l i nes  have  a  
name for the  data  fl ows.  

A data  fl ow at  one  l evel  of the  functional  h ierarchy may be  represented  
by one  or more  fl ows  at  the  l ower l evel  of the  h ierarchy.   

 

 

A dashed  l i ne  wi th  an  arrow represen ts  a  g rouping  of data  that fl ows 
between  functions,  data  stores,  or external  en ti ties.  The  data  are  not 
pertinen t to  the  en terprise-con trol  i n tegration  model  bu t are  shown  to  
i l l ustrate  the  con text of functions.  Dashed-l i ne  data  flows  wi thou t names  
are  not i den ti fi ed  i n  th i s  model .   
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6. 3  Fu n cti on al  m odel   

The  functional  model  i s  depicted  i n  F i gure  7 .  The  wide  dotted  l i ne  i l l ustrates  the  boundary of the  
en terprise-con trol  i n terface.  The  l i ne  i s  equ ivalen t to  the  Level  3/Level  4  i n terface  presented  i n  
5 . 1 .  The  manufacturing  operations  and  con trol  s i de  of the  i n terface  i ncludes  most of the  
functions  i n  production  con trol  and  some  of the  activi ties  i n  the  other major functions.  The  
l abeled  l i nes  i nd icate  i n formation  fl ows  of importance  to  manufacturing  operations  and  con trol .  

The  wide  dotted  l i ne  i n tersects  functions  that have  sub-functions  that may fal l  i n to  the  MO&C 
domain  or the  en terprise  domain  depend ing  on  organ izational  pol i cies.  Th is  i s  a  combination  of a  
function  view and  an  i n formation  view of the  en terprise,  as  defined  i n  I SO  1 5704.  

The  model  structure  does  not reflect an  organ izational  structure  wi th in  a  company bu t an  
organ izational  structure  of functions.  D i fferen t compan ies  wi l l  p lace  the  functions  i n  d i fferen t 
organ izational  g roups.   

The  detai led  i n formation  i n  the  i n formation  fl ows  i s  presented  i n  Part 2 .   
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Fi gu re  7  – Fu ncti on al  model  

6. 4  Fu n ction s  

6. 4. 1  Order processi n g  (1 . 0)  

The  general  functions  of order processing  typical l y i nclude  
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a)  customer order hand l ing ,  acceptance  and  confi rmation ;  

b)  sa les  forecasting ;  

c)  waiver and  reservation  hand l ing ;  

d )  g ross  marg in  reporti ng ;  

e)  determin ing  production  orders.  

There  i s  general l y no  d i rect i n terface  between  the  functions  of order processing  and  the  
manufacturing  operations  and  con trol  functions.  

6. 4. 2  Produ cti on  sch edu l i n g  (2 . 0)  

Production  schedu l ing  functions  i n terface  to  the  manufacturing  operations  and  control  system  
functions  th rough  a  production  schedu le,  actual  production  i n formation ,  and  production  capabi l i ty 
i n formation .  Th is  i n formation  exchange  i s  presented  i n  the  production  con trol  functions.   

Detai led  schedu l ing ,  wi th in  an  area,  i s  considered  to  be  a  con trol  function .   

The  general  functions  of production  schedu l ing  typical l y i nclude  

a)  the  determination  of production  schedu le;  

b)  the  i den ti fi cation  of l ong-term  raw materia l  requ i rements;   

c)  the  determination  of the  pack-ou t schedu le  for end -products;  

d )  the  determination  of the  avai lable  product for sales.  

The  i n formation  generated  or mod i fied  by the  production  schedu l ing  functions  i ncludes  

1 )  the  production  schedu le;  

2 )  the  actual  production  versus  the  p lanned  production ;  

3)  the  production  capaci ty and  resource  avai labi l i ty;  

4 )  the  curren t order status.  

6. 4. 3  Produ cti on  control  (3 . 0)   

6. 4. 3. 1  Prod u cti on  control  mai n  fu n ctions  

The  production  control  functions  encompass  most of the  functions  associated  wi th  manufacturing  
operations  and  con trol .  The  functions  of production  control  typical l y i nclude  

a)  con trol l i ng  the  transformation  of raw materia ls  i n to  the  end-product i n  accordance  wi th  the  
production  schedu le  and  production  standards;  

b)  performing  plan t eng ineering  activi ties  and  updating  of process  p lans;  

c)  i ssu ing  requ i rements  for raw materia ls ;  

d )  producing  reports  of performance  and  costs;  

e)  evaluating  constrain ts  to  capaci ty and  qual i ty;  

f)  sel f-testing  and  d iagnosis  of production  and  con trol  equ ipment;  

g )  creating  production  standards  and  i nstructions  for SOPs  (standard  operating  procedures),  
recipes,  and  equ ipment hand l ing  for speci fic  processing  equ ipment.  
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The  main  functions  i n  production  con trol  i ncl ude  process  support eng ineering ,  operations  con trol ,  
and  operations  p lann ing .   

6. 4. 3. 2  Process  su pport  eng i n eeri ng   

The  functions  of process  support eng ineering  typical l y i nclude   

a)  i ssu ing  requests  for mod i fication  or main tenance;  

b)  coord inating  main tenance  and  eng ineering  functions;  

c)  provid ing  techn ical  standards  and  methods  to  operations  and  main tenance  functions;  

d )  fo l l owing  up  on  equ ipment and  process  performance;  

e)  provid ing  techn ical  support to  operators;  

f)  fol l owing  up  on  technolog ical  developments.  

The  functions  of process  support eng ineering  generate  or mod i fy the  fol l owing  i n formation  for 
use  i n  other control  functions.  

1 )  M inor equ ipment and  process  mod i fications;  th i s  may i nclude  new design  d rawings.  

2 )  I nstructions  on  how to  hand le  equ ipment;  th i s  may i nclude  standard  operating  
procedures.  

3)  I nstructions  on  how to  make  products;  th i s  i ncludes  production  ru les  and  the  standard  
materia ls ,  equ ipment,  and  other resources  used .   

4 )  Materia l  safety data  sheets  (MSDS).  

5)  I nstructions  on  how to  i nstal l  equ ipment;  th i s  may include  vendor equ ipment.   

6)  Envi ronmental  and  safety operati ng  l im i ts  and  constrain ts.   

7 )  Eng ineering  standards  for process  equ ipment design  techn iques  and  process  operational  
methods,  and  on l i ne  operating  i nstructions.   

6. 4. 3. 3  Prod u cti on  operati on s  con trol   

Production  operations  con trol  i s  the  col lection  of functions  that manages  a l l  production  wi th in  a  
s i te  or area.  

The  functions  of production  operations  con trol  typical l y i nclude  

a)  producing  the  product accord ing  to  the  schedu le  and  speci fications;  

b)  reporting  production ,  process,  and  resource  i n formation ;  

c)  mon i toring  equ ipment,  val i dating  operational  measurements,  and  determin ing  the  need  for 
main tenance;  

d )  preparing  equ ipment for main tenance  and  return ing  i t  to  service  after main tenance;  

e)  performing  d iagnostics  and  sel f-check of production  and  control  equ ipment;  

f)  balancing  and  optim izing  production  wi th in  the  s i te  or area;  

g )  possible  l ocal  s i te  or area  l abor management and  document management.   

The  functions  of production  con trol  typical l y generate  or mod i fy the  fol l owing  i n formation  for use  
i n  other con trol  functions.  
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1 )  Status  of production  requests.  

2)  Selected  production  data,  such  as data to  calcu late production  cost and  performance.  

3)  Selected  process  data,  such  as  equ ipment performance  feedback.   

4)  Status  of resources.  

5)  Status  of main tenance  work order requests.  

6)  Requests  for main tenance.  

7)  D iagnostic and  sel f-test resu l ts .  

8)  Process  h istory.  

9)  Requests  for process  support eng ineering  support.  

1 0)  Requests  for analysis  of materia l .   

6. 4. 3. 4 Prod u cti on  Operati ons  pl an n in g   

The  functions  of production  operations  p lann ing  typical l y i nclude  

a)  setting  up  a  short-term  production  p lan  based  on  the  production  schedu le;  

b)  checking  the  schedu le  against raw materia l  avai labi l i ty and  product storage  capaci ty;  

c)  checking  the  schedu le  against equ ipment and  personnel  avai labi l i ty;  

d )  determin ing  the  per cen t of capaci ty status;  

e)  mod i fying  the  production  p lan  hourly to  accoun t for equ ipment ou tage,  manpower and  raw 
materia ls  avai labi l i ty.  

The  functions  of production  operations  p lann ing  typical l y generate  or mod i fy the  fo l l owing  
i n formation  for use  i n  other con trol  functions.  

1 )  Materia l  and  energy i nven tory report.  

2 )  Materia l  and  energy requ i rements  requ i red  to  meet the  production  plan .  

3)  S i te  or area  production  p lan  for operations  con trol .  

4)  Avai lable  capabi l i ty of the  production  resources.  

6. 4. 4 M aterial  an d  en erg y con trol  (4. 0)  

The  functions  of materia ls  and  energy control  typical l y i nclude   

a)  manag ing  i nven tory,  transfers,  and  qual i ty of materia l  and  energy;  

b)  generating  requests  for purchasing  of materia ls  and  energy based  on  short-  and  l ong-term  
requ i rements;   

c)  ca lcu lating  and  reporting  i nventory balance  and  l osses  of raw materia l  and  energy u ti l i zation ;  

d )  receiving  i ncoming  materia l  and  energy suppl ies  and  requesting  qual i ty assurance  tests;  

e)  noti fying  pu rchasing  of accepted  materia l  and  energy suppl ies.  

The  functions  of materia ls  and  energy control  typical l y generate  or mod i fy the  fo l lowing  
i n formation  for use  i n  other con trol  functions.  

1 )  Materia l  and  energy order requests.   

2 )  I ncoming  confi rmation  of received  materia ls  and  energy.  
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3 )  Materia l  and  energy i nventory report.   

4 )  Manual  and  au tomated  transfer i nstructions  for operations  control .  

Some  of the  functions  wi th in  materia l  and  energy con trol  may be  i ns ide  the  MO&C domain ,  
based  on  l ocal  organ izational  structu res.  Therefore,  selected  data  flows  i n to  and  ou t of material  
and  energy con trol  are  presen ted  because  they may cross  the  en terprise-control  system  
boundary.   

6. 4. 5  Procu remen t (5. 0)  

The  functions  of procuring  resources  typical l y i nclude  

a)  p lacing  orders  wi th  suppl iers  for raw materia ls ,  suppl ies,  spare  parts,  tools,  equ ipment and  
other requ i red  materia ls ;  

b)  mon i toring  progress  of purchases  and  reporting  to  requ is i tioners;  

c)  releasing  i ncoming  i nvoices  for payment after arrival  and  approval  of goods;  

d )  col lecting  and  processing  of un i t  requests  for raw materia ls ,  spare  parts,  etc. ,  for order 
p lacement to  vendors.  

The  functions  of procurement typical l y generate  or mod i fy the  expected  materia l  and  energy 
del i very schedu les  for use  i n  other control  functions.  

6. 4. 6  Qu al i ty assu ran ce (6.0)  

The  functions  of qual i ty assurance  typical l y i nclude  

a)  testing  and  classi fication  of materia ls ;  

b)  setting  standards  for materia l  qual i ty;  

c)  i ssu ing  standards  to  manufactu ring  and  testing  l aboratories  i n  accordance  wi th  requ i rements  
from  technology,  marketing  and  customer services;  

d )  col lecting  and  main tain ing  materia l  qual i ty data;  

e)  re leasing  materia l  for fu rther use  (del i very or fu rther processing );  

f)  certi fying  that the  product was  produced  accord ing  to  standard  process  cond i tions;  

g )  checking  of product data  versus  customer's  requ i rements  and  stati stical  qual i ty con trol  
rou tines  to  assure  adequate  qual i ty before  sh ipment;  

h )  re laying  material  deviations  to  process  eng ineering  for re-evaluation  to  upgrade  processes.  

The  functions  of qual i ty assurance  typical l y generate  or mod i fy the  fo l l owing  i n formation  for use  
i n  other con trol  functions.  

1 )  Qual i ty assurance  test resu l ts .  

2 )  Approval  to  release  materia ls  or waivers  on  compl iance.   

3 )  Appl icable  standards  and  customer requ i rements  for materia l  qual i ty.  

Some  of the  functions  wi th in  qual i ty assurance  may be  i ns ide  the  MO&C domain ,  based  on  l ocal  
organ izational  structures;  for example,  qual i ty assurance  requests.  Therefore,  se lected  data  
flows  i n to  and  ou t of qual i ty assurance  are  addressed  because  they may cross  the  en terprise-
con trol  system  boundary.   
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6. 4. 7  Prod u ct i n ven tory con trol  (7 . 0)  

The  functions  of product i nven tory con trol  typical l y i nclude  

a)  manag ing  the  i nventory of fi n ished  products;  

b)  making  reservations  for speci fic  product i n  accordance  wi th  product sel l i ng  d i rectives;  

c)  generating  the  pack-ou t end  product i n  accordance  wi th  del i very schedu le;  

d )  reporting  on  i nven tory to  production  schedu l ing ;  

e)  reporting  on  balance  and  l osses  to  product cost accounting ;  

f)  arrang ing  physical  l oad ing /sh ipment of goods  i n  coord ination  wi th  product sh ipping  
admin istration .  

The  functions  of product i nventory con trol  typical l y generate  or mod i fy the  fol l owing  i n formation  
for use  i n  other con trol  functions.  

1 )  F in ished  goods  i nven tory.  

2 )  I nven tory balances.  

3)  Pack-ou t schedu le.  

4)  Release  to  sh ip.  

5)  Confi rm  to  sh ip.  

6)  Storage  requ i rements.  

Some  of the  functions  wi th in  product i nven tory con trol  may be  i ns ide  the  MO&C domain ,  based  
on  l ocal  organ izational  structures.  Therefore,  se lected  data  fl ows  i n to  and  ou t of product 
i nven tory control  are  used  because  they may cross  the  en terprise-control  system  boundary.   

6. 4. 8  Produ ct cost accou nti n g  (8 . 0)  

The  functions  of cost accounting  typical l y i nclude  

a)  ca lcu lating  and  reporting  on  tota l  product cost;  

b)  reporting  cost resu l ts  to  production  for ad justment;  

c)  setting  cost objectives  for production ;  

d )  col lecting  raw materia l ,  l abor,  energy and  other costs  for transmission  to  accoun ting ;  

e)  ca lcu lating  and  reporting  on  total  production  cost,  reporting  cost resu l ts  to  production  for 
ad justment;  

f)  setti ng  cost objectives  for materia ls  and  energy supply and  d i stribu tion .  

The  functions  of cost accoun ting  typical l y generate  or mod i fy the  fol l owing  i n formation  for use  i n  
other con trol  functions.  

1 )  Cost objectives  to  production .  

2 )  Performance  and  costs  from  production .  

3)  Parts  and  energy i ncoming  to  accoun ting  from  materia l  and  energy con trol .  
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6. 4.9  Prod u ct sh ippin g  adm in i stration  (9. 0)  

The  functions  of product sh ipping  admin istration  typical l y i nclude  

a)  organ izing  transport for product sh ipment i n  accordance  wi th  accepted  orders  requ i rements;  

b)  negotiating  and  p lacing  orders  wi th  transport compan ies;  

c)  accepting  fre igh t i tems  on  s i te  and  re leasing  material  for sh ipment;  

d )  preparing  accompanying  documents  for sh ipment (BOL,  customs  clearance);  

e)  confi rming  sh ipment and  re leasing  for i nvoicing  to  general  accoun ting ;  

f)  reporting  on  sh ipping  costs  to  product cost accounting .  

6. 4. 1 0  M ai n ten ance  manag ement (1 0. 0)  

The  functions  of main tenance  management typical l y i nclude  

a)  provid ing  main tenance  for existing  i nstal lations;  

b)  provid ing  a  preventative  main tenance  program;  

c)  provid ing  equ ipment mon i toring  to  an ticipate  fa i l u re,  i nclud ing  sel f-check and  d iagnostic 
programs;  

d )  p lacing  purchase  order requests  for materia ls  and  spare  parts;  

e)  developing  main tenance  cost reports,  and  coord inating  ou ts ide  con tract work effort;  

f)  provid ing  status  and  techn ical  feedback on  performance  and  re l iabi l i ty to  process  support 
eng ineering .  

The  functions  of main tenance  management typical l y generate  or mod i fy the  fol l owing  i n formation  
for use  i n  other con trol  functions.  

1 )  Main tenance  schedu les  that speci fy the  p lan  for fu tu re  work orders.  

2 )  Main tenance  work orders  that speci fy speci fic equ ipment to  be  taken  ou t of service  and  
made  avai lable  for main tenance  functions.   

3 )  D iagnostic and  sel f-test requests  to  be  performed  on  the  equ ipment.   

Some  of the  functions  wi th in  main tenance  management may be  i ns ide  the  MO&C domain ,  based  
on  l ocal  organ izational  structures.  Therefore,  se lected  data  fl ows i n to  and  ou t of main tenance  
management are  shown  because  they may cross  the  en terprise-con trol  system  boundary.   

6. 4. 1 1  M arketi n g  an d  sal es  (1 2 . 0)  

The  general  functions  of marketing  and  sa les  typical l y i nclude  

a)  generating  sales  p lans;   

b)  generating  marketing  p lans;  

c)  setting  pricing ;  

d )  determin ing  customer requ i rements  for products;  

e)  determin ing  requ i rements  and  standards  for products;  

f)  i n teracting  wi th  customers.  
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6. 4. 1 2  Research ,  devel opmen t,  and  en g i neeri ng  (1 3.0)  

The  general  functions  of research ,  development and  eng ineering  typical l y i nclude  

a)  development of new products;   

b)  defin i tion  of process  requ i rements;  

c)  defin i tion  of product requ i rements,  as  re lated  to  the  production  of the  products.  

d )  defin i tion  of equ ipment and  resource  requ i rements,  as  re lated  to  the  production  of the  
products  

6. 5 In formati on  fl ows  

6. 5. 1  In formati on  fl ow descripti on s  

The  in formation  flows  between  the  functions  that are  l abeled  i n  F igure  7  are  l i sted  below.   

6. 5.2  Schedu le  

The  schedu le  i n formation  fl ows  from  the  production  schedu l ing  (2 . 0)  functions  to  the  production  
control  (3 . 0)  functions.   

Th is  typical ly con tains  the  i n formation ,  to  production ,  on  what product i s  to  be  made,  how much  
i s  to  be  made,  and  when  i t  i s  to  be  made.  Detai l s  of the  schedu le  i n formation  are  defined  i n  the  
Part 2  object models.  

6. 5. 3  Prod u cti on  from  pl an  

The  production -from-plan  i n formation  flows  from  the  production  control  (3 . 0)  functions  to  the  
production  schedu l ing  (2 . 0)  functions.   

Th is  con tains  i n formation  abou t the  curren t and  completed  production  resu l ts  from  execution  of 
the  p lan .  I t  typical l y con tains  what was  made,  how much  was  made,  how i t  was  made,  and  when  
i t  was  made.  Detai l s  of the  production-from-plan  i n formation  are  defined  the  Part 2  object 
models.  

6. 5. 4 Produ cti on  capabi l i ty 

The  production  capabi l i ty i n formation  fl ows  from  the  production  control  (3 . 0)  functions  to  the  
production  schedu l ing  (2 . 0)  functions.   

Production  capabi l i ty i n formation  i s  the  current commi tted ,  avai l able,  and  unatta inable  capaci ty 
of the  production  faci l i ty.  Th is  typical l y i ncludes  materia ls ,  equ ipment,  l abor,  and  energy.  Detai l s  
of the  production  capabi l i ty i n formation  are  defined  i n  the  Part 2  object models.  

6. 5. 5  M aterial  an d  en erg y ord er requ i rem en ts  

The  materia l  and  energy order requ i rement i n formation  fl ows  from  the  material  and  energy 
con trol  (4 . 0)  functions  to  the  procurement (5. 0)  functions.   

Materia l  and  energy order requ i rements  defi ne  fu ture  requ i rements  for materia ls  and  energy 
requ i red  to  meet short-term  and  l ong-term  requ i rements  based  on  the  current avai labi l i ty.   
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There  are  no  object models  for the  materia l  and  energy order requ i rements,  bu t the  i n formation  
may use  the  defin i tions  re lating  to  materia l  and  energy defined  i n  the  Part 2  object models.  

6. 5. 6  In comi ng  order con fi rmati on  

The  i ncoming  order confi rmation  i n formation  fl ows  from  the  materia l  and  energy control  (4 . 0)  
functions  to  the  procurement (5. 0)  functions.  

I ncoming  order confi rmations  are  the  noti fi cation  that the  materia l  or energy has  been  received .   

Th is  i n formation  i s  not defined  i n  the  Part 2  object models  because  i t  does  not cross  the  
i n terface  between  the  enterprise  and  MO&C domains.   

6. 5. 7  Lon g -term  m ateri al  and  en erg y requ iremen ts  

The  l ong-term  materia l  and  energy requ i rements  i n formation  fl ows  from  the  production  
schedu l ing  (2 . 0)  functions  to  the  material  and  energy control  (4 . 0)  functions.  

The  l ong-term  materia l  and  energy requ i rements  are  typical l y time-sequenced  defin i tions  of 
materia l  and  energy resources  that wi l l  be  needed  for planned  production .   

There  are  no  object models  for the  l ong-term  materia l  and  energy requ i rements,  bu t the  
i n formation  may use  the  defin i tions  relating  to  materia l  and  energy defined  i n  the  Part 2  object 
models.  

6. 5. 8  Sh ort-term  materi al  and  en erg y req u i remen ts  

The  short-term  materia l  and  energy requ i rements  i n formation  fl ows  from  the  production  con trol  
(3. 0)  functions  to  the  material  and  energy con trol  (4 . 0)  functions.  

The  short-term  materia l  and  energy requ i rements  are  requ i rements  for resources  that are  needed  
for currently schedu led  or execu ting  production .  These  typical l y i nclude  

a)  requests  for materia ls  that may i nclude  dead l ines;  

b)  reservations  for materials;  

c)  i nd ications  of actual  consumption ;  

d )  re lease  of reservations;  

e)  ad justments  to  consumption .  

Materia l  and  energy requ i rements  are  defined  i n  the  Part 2  object models.  

6. 5. 9  M aterial  and  en erg y i n ven tory 

The  materia l  and  energy i nven tory i n formation  fl ows  from  the  materia l  and  energy con trol  (4 . 0)  
functions  to  the  production  con trol  (3 . 0)  functions.  

The  material  and  energy i nven tory i n formation  fl ows  are  the  curren tly avai lable  materia l  and  
energy that i s  used  for short-term  plann ing  and  for production .  Th is  i n formation  typical l y deals  
wi th  raw materia ls .  Material  and  energy i nven tory i n formation  i s  defined  i n  the  Part 2  object 
models.   
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6. 5. 1 0  Prod u cti on  cost obj ecti ves  

The  production  cost objectives  i n formation  fl ows from  the  product cost accoun ting  (8. 0)  functions  
to  the  production  con trol  (3 . 0)  functions.  

Production  cost objectives  are  the  production  performance  targets  i n  terms  of resources.  Th is  
cou ld  be  related  to  a  product or to  a  process.  Th is  typical l y i ncludes  materia ls ,  l abor hours,  
energy,  equ ipment usage,  or actual  costs.  E lements  of the  production  cost objectives  are  defined  
i n  the  Part 2  object models.  

6. 5. 1 1   Prod u cti on  performance  an d  costs  

The  production  performance  and  costs  i n formation  flows from  the  production  con trol  (3 . 0)  
functions  to  the  product cost accoun ting  (8 . 0)  functions.  

Production  performance  and  costs  are  the  actual  use  and  resu l ts  associated  wi th  speci fic  
production  activi ties.  Th is  typical l y i ncludes  materia ls ,  l abor hours,  energy,  and  equ ipment 
usage.  Resu l ts  are  typical l y i den ti fied  by products,  by-products,  co-products,  and  scrap.  Th is  
i n formation  wou ld  be  i n  su fficien t detai l  to  i den ti fy a l l  costs  by product,  co-products,  and  scrap.  
Production  performance  i s  defined  i n  the  Part 2  object models.  

6. 5. 1 2   I n com i ng  m ateri al  and  en erg y receipt   

The  incoming  materia l  and  energy receipt i n formation  flows  from  the  materia l  and  energy control  
(4 . 0)  functions  to  the  product cost accoun ting  (8. 0)  functions.  

I ncoming  materia l  and  energy receipt i s  the  noti fi cation  that the  materia l  or energy has  been  
received  and  add i tional  i n formation  needed  for cost accoun ting .  Th is  may i nclude  the  BOL,  
materia l  safety data  sheet (MSDS),  and  COA.  Th is  i n formation  i s  coord inated  wi th  the  i ncoming  
order confi rmation  (6 . 5 . 6)  i n formation  fl ow.   

Th is  i n formation  i s  not detai led  i n  the  Part 2  object models  because  i t  general l y does  not cross  
the  i n terface  between  the  en terprise  and  MO&C domains.   

6. 5.1 3   Qu al i ty assu rance resu l ts   

The  qual i ty assurance  (QA)  resu l ts  i n formation  fl ows  from  the  qual i ty assurance  (6 . 0)  functions  
to  the  product i nven tory con trol  (7 . 0)  functions,  materia l  and  energy con trol  (4 . 0)  functions,  and  
the  production  con trol ,  operations  con trol  (3 . 2)  functions.   

Qual i ty assurance  resu l ts  are  typical l y the  resu l ts  from  QA tests  performed  on  raw materia ls ,  i n -
process  materials ,  or products.  Qual i ty assurance  resu l ts  may concern  tests  performed  i n  the  
product or i n -process  tests  performed  i n  a  particu lar segment of production .  Qual i ty assurance  
resu l ts  may i nclude  g ranting  of i n -process  waivers.   

A posi ti ve  QA resu l t  may be  requ i red  before  product i nven tory management may sh ip  a  product.  
A posi ti ve  QA resu l t  may be  requ i red  before  production  con trol  transfers  product-to-product 
i nventory con trol .   

Detai l s  of qual i ty assurance  resu l ts  are  defined  i n  the  Part 2  object models.  
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6. 5.1 4  Stand ards  an d  cu stomer req u iremen ts  

The  standards  and  customer requ i rements  i n formation  fl ows from  the  marketing  and  sales  (1 2 .0)  
functions  to  the  qual i ty assurance  (6. 0)  functions,  and  from  qual i ty assurance  (6 . 0)  to  production  
control  (3 . 0).   

Standards  and  customer requ i rements  are  the  speci fic  va lues  for attribu tes  of the  product that 
sati sfy the  customer needs.  Th is  typical l y i ncludes  speci fic processing  speci fications  as  wel l  as  
materia l  properties.  Th is  i n formation  may resu l t  i n  changes  in  or add i tions  to  materia l ,  
equ ipment,  and  personnel  properties  and  associated  tests.  

Detai l s  of standards  and  customer requ i rements  are  not defined  i n  the  Part 2  object models.  

6. 5. 1 5   Prod u ct and  process  requ i rements  

The  product and  process  requ i rements  i n formation  fl ows  from  the  research ,  development and  
eng ineering  (RD&E)  (1 3 . 0)  functions  to  the  production  con trol  (3 . 0)  functions  and  the  qual i ty 
assurance  (6 . 0)  functions.  

The  product and  process  requ i rements  define  how to  make  a  product.  These  typical l y correspond  
to  general  or s i te  recipes  i n  batch  manufacturing ,  b i l l s  of materia ls ,  assembly i nstructions  and  
d rawings  i n  d i screte  manufacturing ,  and  process  descriptions  i n  con tinuous  manufacturing .  
I n formation  abou t speci fic  equ ipment,  personnel ,  and  materia l  requ i rements  may be  speci fied  
accord ing  to  the  object models  defined  i n  Part 2 .  

Detai l s  of product and  process  requ i rements  are  defined  i n  the  Part 2  object models  for product 
defi n i tions.  

6. 5. 1 6   F i n i sh ed  good s  wai ver 

Fin ished  goods  waiver i n formation  flows  from  the  order processing  (1 . 0)  functions  to  the  qual i ty 
assurance  (6 . 0)  functions.  

F i n ished  goods  waivers  are  approvals  for deviation  from  normal  product speci fications.  F in ished  
goods  waivers  may be  negotiated  customer deviations  from  speci fications  defined  i n  the  
standards  and  customer requ i rements  (6 . 5. 1 4).   

Detai l s  of fi n i shed  goods  waiver are  not defined  i n  the  Part 2  object models.  

6. 5. 1 7   In -process  wai ver req u est 

I n -process  waiver request i n formation  fl ows  from  production  con trol  (3 . 0)  to  the  qual i ty 
assurance  (6 . 0)  functions.   

I n -process  waiver requests  are  requests  for waivers  on  normal  production  procedures  due  to  
deviations  i n  materia ls,  equ ipment,  or qual i ty metrics,  where  normal  product speci fications  are  
main ta ined .  The  response  to  the  request i s  i n  the  qual i ty assurance  resu l ts.   

Detai l s  of i n -process  waiver requests  are  not defined  i n  the  Part 2  object models.  
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6. 5. 1 8   F i n ish ed  g oods  in ven tory 

The  fin i shed  goods  i nventory i n formation  fl ows from  the  product i nven tory con trol  (7 . 0)  functions  
to  the  production  schedu l ing  (2 . 0)  functions.  

The  fin i shed  goods  i nven tory i s  i n formation  on  the  curren t i nventory of fi n ished  goods  that i s  
main ta ined  by product i nven tory con trol .  Th is  typical l y i ncludes  quanti ty,  qual i ty,  and  l ocation  
i n formation  that i s  used  for the  schedu l i ng  of new production ,  and  as  feedback on  previously 
schedu led  production .  Th is  i s  the  total  fi n i shed  product avai lable  for d istribu tion  or sh ipment.  
F i n ished  goods  i nventory i s  defined  i n  the  Part 2  object models.   

6. 5.1 9   Process  data  

The  process  data  i n formation  fl ows  from  the  production  control  (3 . 0)  functions  to  the  product 
i nven tory con trol  (7 . 0)  functions  and  the  qual i ty assurance  (6 . 0)  functions.  

Process  data  i s  i n formation  abou t production  processes,  as  related  to  speci fic  products  and  
production  requests,  and  i s  described  i n  the  Part 2  object models.  Typical  uses  of process  data  
are  by qual i ty assurance  as  part of the  QA functions,  and  by product i nven tory con trol  where  th is  
i n formation  i s  needed  as  part  of the  fi n i shed  product de l i verables.   

6. 5. 20   Pack-ou t sch edu l e  

The  pack-ou t schedu le  i n formation  fl ows  from  the  production  schedu l ing  (2 . 0)  functions  to  the  
product i nven tory control  (7 . 0)  functions.  

A pack-ou t schedu le  i s  the  consol idation  of produced  i tems  of one  or more  stock-keeping  un i t  for 
del ivery to  customers,  i nven tory,  or others.   

Detai l s  of pack ou t schedu les  are  defined  i n  the  Part 2  object models.  

6. 5. 21   Prod u ct an d  process  i n formati on  requ est 

The  product and  process  i n formation  request fl ows  from  the  production  con trol  (3 . 0)  functions  to  
the  RD&E  (1 3. 0)  functions.  

A product and  process  i n formation  request i s  a  request for new or mod i fied  product defin i tions  
and  process  defin i tions.   

Detai l s  of product and  process  i n formation  requests  are  defined  i n  the  Part 2  and  Part 5  object 
models.  

6. 5. 22   M ai n ten an ce  requ ests  

The  main tenance  request i n formation  flows  from  the  production  control  (3 . 0)  functions  to  the  
main tenance  management (1 0. 0)  functions.  

Main tenance  requests  are  requests  for a  main tenance  function .  Th is  may be  a  p lanned  request 
or an  unplanned  request due  to  an  unplanned  even t,  such  as  a  l i gh tn ing  strike  on  a  transformer.   

Detai l s  of main tenance  request i n formation  are  defined  i n  the  Part 2  object models.  
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6. 5. 23   M ai n ten an ce  respon ses  

The  main tenance  response  i n formation  flows  from  the  main tenance  management (1 0. 0)  functions  
to  the  production  con trol  (3 . 0)  functions.  

Main tenance  responses  are  the  l ogged  status  or completion  of rou tine,  schedu led ,  or unplanned  
main tenance.   

Detai l s  of main tenance  responses  i n formation  are  defined  i n  the  Part 2  object models.  

6. 5.24  M ain ten an ce  stand ards  an d  m eth ods  

Main tenance  standards  and  methods  i n formation  fl ows  from  the  production  con trol  (3 . 0)  
functions  to  the  main tenance  management (1 0. 0)  functions.  

Main tenance  standards  and  methods  are  typical l y accepted  practices  and  procedures  that 
main tenance  uses  i n  performing  i ts  functions.   

Detai l s  of main tenance  standards  and  methods  i n formation  are  defined  i n  the  Part 2  object 
models.  

6. 5. 25  M ai nten an ce  tech n i cal  feedback 

Main tenance  techn ical  feedback i n formation  fl ows  from  the  main tenance  management (1 0 .0)  
functions  to  the  production  con trol  (3 . 0)  functions.  

Main tenance  techn ical  feedback i s  typical l y i n formation  about the  performance  and  rel i abi l i ty of 
production  equ ipment and  may i nclude  reporting  on  performed  main tenance.  Reports  on  
main tenance  may i nclude  schedu led ,  preventive,  or pred ictive.   

Detai l s  of main tenance  techn ical  feedback i n formation  are  defined  i n  the  Part 2  object models.   

6. 5. 26   Prod u ct and  process  tech n ical  feedback 

Product and  process  techn ical  feedback in formation  fl ows  from  the  production  con trol  (3 . 0)  
functions  to  the  RD&E (1 3. 0)  functions.  

Product and  process  techn ical  feedback i s  i n formation  abou t the  performance  of production  
equ ipment and  product.  Th is  i n formation  general l y resu l ts  from  performance  tests  and  study 
requests  to  operations  con trol .   

Detai l s  of product and  process  techn ical  feedback i n formation  are  defined  i n  the  Part 2  object 
models.  

6. 5. 27   M ai nten ance  pu rchase  order requ i rements   

Main tenance  purchase  order requ i rements  i n formation  fl ows  from  the  main tenance  management 
(1 0 . 0)  functions  to  the  procurement (5. 0)  functions.   

Main tenance  purchase  order requ i rements  are  i n formation  abou t materia ls  and  suppl ies  requ i red  
to  perform  main tenance  tasks.   
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Detai l s  of main tenance  purchase  order requ i rements  i n formation  are  not defi ned  i n  the  Part 2  
object models.  

6. 5. 28   Prod u cti on  ord er  

Production  order i n formation  fl ows  from  order processing  (1 . 0)  functions  to  production  schedu l ing  
(2 . 0)  functions.   

Production  order  i s  i n formation  about accepted  customer orders  that defines  work for the  p lan t.   

Detai l s  of production  order i n formation  are  defined  i n  the  Part 2  object models.  

6. 5.29   Avai l abi l i ty  

Avai labi l i ty  i n formation  fl ows  from  the  production  schedu l ing  (2 . 0)  functions  to  the  order 
processing  (1 . 0)  functions.   

Avai labi l i ty  i s  i n formation  about the  p lan t's  abi l i ty to  fu l fi l l  the  order.   

Detai l s  of avai labi l i ty i n formation  are  defined  i n  the  Part 2  object models.  

6. 5. 30  Rel ease  to  sh i p   

Release  to  sh ip  i n formation  fl ows  from  the  product sh ipping  admin istration  (9 . 0)  functions  to  the  
product i nventory control  (7 . 0)  functions.  

Release  to  sh ip  i s  i n formation  abou t the  permission  to  sh ip  the  product.   

Detai l s  of re lease  to  sh ip  i n formation  are  defined  i n  the  Part 2  object models.  

6. 5.31  Con fi rm  to  sh i p   

Confi rm  to  sh ip  i n formation  fl ows  from  the  product i nventory control  (7 . 0)  functions  to  the  product 
sh ipping  admin istration  (9. 0).   

Confi rm  to  sh ip  i s  i n formation  about the  actual  sh ipment of product.  

Detai l s  of confi rm  to  sh ip  i n formation  are  defined  i n  the  Part 2  object models.  

Get more FREE standards from Standard Sharing Group and our chats

https://t.me/standardsharing


 -  47  -  ANSI /ISA-95.00. 01 -201 0  ( I EC  62264-1  Mod)  

 

7  M an u factu ri n g  operati ons  

7. 1  M an u factu ri n g  operati on s  man ag em ent 

The  activi ties  of manufacturing  operations  management are  those  activi ties  of a  manufactu ring  
faci l i ty that coord inate  the  personnel ,  equ ipment,  materia l  and  energy i n  the  conversion  of raw 
materia ls  and /or parts  i n to  products.  Manufacturing  operations  management i ncludes  activi ties  
that may be  performed  by physical  equ ipment,  human  effort  and  i n formation  systems.   

Manufacturing  operations  management shal l  encompass  the  activi ties  of manag ing  i n formation  
abou t the  schedu les,  use,  capabi l i ty,  defin i tion ,  h istory and  status  of a l l  of the  resources  
(personnel ,  equ ipment and  materia l )  wi th in ,  and  associated  wi th ,  the  manufactu ring  faci l i ty.   

NOTE   Resources  associ ated  wi th  the  manu factu ri ng  faci l i ty bu t  not  wi th i n  i t  may i n cl u de,  among  others,  
governmen t i nspectors,  regu l atory certi fi cati ons ,  resou rce  coord i nati on  wi th  other en ti ti es ,  ou tsou rced  

acti vi ti es  and  processes.  

7. 2  M an u factu ri n g  operati on s  man ag em ent categ ori es  

The  manufacturing  operations  management activi ties  correspond  to  the  activi ty set defined  i n  
6 . 3.  These  are  the  activi ties  con tained  wi th in  the  heavy dotted  l i ne  shown  in  F igure  8 .  The  heavy 
dotted  l i ne  i s  equ ivalen t to  the  Level  3/Level  4  i n terface  defined  i n  5 . 2 . 1 .  Manufacturing  
operations  management shal l  be  modeled  us ing  four categories:  production  operations  
management,  main tenance  operations  management,  qual i ty operations  management and  
i nven tory operations  management,  as  shown  i n  shaded  areas  i n  F igure  8 .   

NOTE  1   There  are  a l so  other acti vi ti es  of a  manu factu ri ng  faci l i ty,  n ot  shown  i n  F i gu re  8 ,  bu t  described  i n  

Annex A.   

NOTE  2   The  model  s tructu re  and  categori es  do  not refl ect a  bus i ness  organ izati ona l  s tructu re  wi th i n  a  company 
bu t  i s  a  model  of acti vi ti es.  D i fferen t  compan ies  ass i gn  responsi b i l i ti es  for categori es,  acti vi ti es  or sub-
activi ti es  to  d i fferen t  bus i ness  organ i zati ona l  g roups.   Refer to  Part  3  for a  generi c  acti vi ty mode l  wh ich  

can  be  app l i ed  to  other categories  of acti vi ti es .    
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Fi gu re  8  – M an u factu rin g  operati on s  man ag em ent model  

7 . 3  Oth er acti vi ti es  wi th i n  manu factu ri n g  operati on s  management 

I n  add i tion  to  the  activi ties  of production  operations,  main tenance  operations,  qual i ty operations,  
and  i nven tory operations  management there  are  many supporting  management activi ties  that 
occur i n  manufactu ring  operations.   E lements  of these  supporting  activi ties  may occur i n  any of 
the  production ,  main tenance,  qual i ty operations,  or i nven tory operations  management activi ties.    
E lements  of these  supporting  acti vi ties  may not be  un ique  to  manufactu ring  operations  i n  an  
en terprise,  bu t typical ly a l so  apply to  many other areas  of the  en terprise.    

These  supporting  activi ties  i nclude:  

a)  Management of securi ty wi th in  manufacturing  operations.  

b)  Management of i n formation  wi th in  manufacturing  operations.  

c)  Management of configurations  wi th in  manufacturing  operations.  

d )  Management of documents  wi th in  manufacturing  operations.  

e)  Management of regu latory compl iance  wi th in  manufacturing  operations.  

f)  Management of i nciden ts  and  deviations  wi th in  manufacturing  operations.  

The  defin i tion  of the  supporting  activi ties  i s  not i n  the  scope  of th i s  standard ,  because  they often  
are  en terprise  wide,  however requ i rements  for the  activi ties  as  they relate  to  manufacturing  
operations  are  briefly described  i n  Annex A.   
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7. 4 M an u factu rin g  operati on s  man ag em en t resou rces   

A resource  i s  an  en ti ty that provides  some or a l l  of the  capabi l i ti es  requ i red  by the  execu tion  of 
the  en terprise  activi ties  and /or business  processes.  The  resources  i nvolved  i n  manufacturing  
operational  management are;  personnel ,  materia l ,  equ ipment and  process  segments.  

-  Personnel :  the  personnel  i nvolved  i n  manufacturing  operations  management 

-  Materia l :  the  materia l  i nvolved  i n  manufactu ring  operations  management 

-  Equ ipment:  the  equ ipment (role  based  and  physical  asset)  i nvolved  i n  manufacturing  
operations  management 

-  Process  segment:  a  process  segment speci fies  the  capabi l i ties  needed  for a  segment of 
production ,  main tenance,  i nven tory or qual i ty activi ty at the  l evel  of detai l  requ i red  to  support 
business  processes.   The  process  segment i s  i ndependent of any particu lar product defin i tion  
or operation  defin i tion .  Th is  may i nclude  materia l ,  energy,  personnel ,  or equ ipment 
capabi l i ti es  as  described  i n  Part 2 .   Business  Process  Segment i s  a  synonym  for Process  
Segment.  

8  In form ati on  m odel  

8. 1  M od el  explan ati on  

Subclause  8. 2  i s  an  overview of the  i n formation  con tained  i n  the  object model  and  provides  a  
con text for the  object models.  I t  i ncludes  the  general  categories  of i n formation  formal ly defined  i n  
Part 2 .   

The  production  schedu le,  production  performance,  product defi n i tion ,  and  production  capabi l i ty 
i n formation  for production  operations  management are  defined  i n  add i tional  detai l  i n  Subclause  
8. 3  and  l ater.   

There  are  equ ivalen t i n formation  structures  for main tenance,  qual i ty test and  i nventory 
operations  management that are  of importance  for manufacturing  operations  and  are  defined  i n  
Part 2  us ing  a  generic model .  

The  methods  and  activi ties  associated  wi th  conversion  and  transformation  wi th in  Level  3  of the  
business  represen tations  to  the  Level  3  deta i led  work representations  are  defined  i n  Part 3 .   

8. 2  M an u factu rin g  operati on s  i nform ati on   

There  are  four categories  of manufacturing  operations  i n formation  that correspond  to  the  four 
categories  of manufacturing  operations  activi ti es.  The  i n formation  corresponds  to  fou r major 
types  of i n formation  as  shown  in  F igu re  9 :  

a)  Schedu le  and  request i n formation  – I n formation  abou t requests  to  perform  work wi th in  one  or 
more  categories  of activi ties.  

b)  Performance  and  response  i n formation  – I n formation  about work performed  wi th in  one  or 
more  categories  of activi ties.   

c)  Capabi l i ty i n formation  – I n formation  about the  capabi l i ti es  to  perform  work wi th in  one  or more  
categories  of activi ti es.   

d )  Defin i tion  i n formation  – I n formation  abou t the  defin i tion  of work that cou ld  be  performed  
wi th in  one  or more  categories  of activi ties.   
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Fi gu re  9  – M an u factu rin g  operati on s  inform ati on  

8 . 3  Seg men t rel ati on sh i ps  

Figure  1 0  depicts  the  re lationsh ip  of segments:  

−  a  process  segment i s  an  i den ti fi cation  of resources  wi th  speci fic  capabi l i ti es  needed  for a  
segment of production ,  i ndependent of any particu lar product,  

−  a  product segment i s  an  equ ivalen t name of an  operation  segment that i s  speci fic for 
production  and  i s  defined  i n  th i s  Part,  an  operation  segment i s  an  i den ti fi cation  of 
personnel  resources,  equ ipment resources,  and  materia l  speci fications  requ i red  of a  
process  segment to  complete  an  operational  step  for a  speci fic  product (defined  i n  Part 
2) .  

−  a  segment requ i rement i s  an  i den ti fi cation  of the  personnel  resources,  equ ipment 
resources,  and  materia l  speci fications  requ i red  for schedu led  operations  (defined  i n  Part 
2) ,   

−  a  segment actual  i s  an  i den ti fi cation  of the  personnel  resources,  equ ipment resources,  
and  materia l  speci fications  actual l y used  i n  operations  (defined  i n  Part 2) .  

There  i s  a  relationsh ip  among  segments.  A product segment references  a  process  segment 
known  to  production ,  a  segment requ i rement references  a  known  product segment of the  product 
being  manufactured  or a  process  segment,  and  a  segment actual  references  a  known  product 
segment of the  product manufactured  or a  process  segment.   
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Fi g u re  1 0  – Segm en t rel ati on sh i ps  

8 . 4  Categ ori es  of produ ction  operati on s  man ag em en t informati on  

8 . 4. 1  I n formati on  areas  

Most of the  production  operations  management i n formation  described  i n  the  Clause  6  model  fa l l  
i n to  the  fol l owing  four main  areas.  

a)  Production  schedu le:  I n formation  abou t schedu les  for production  of the  product.  

b)  Production  performance:  I n formation  abou t actual  production  of the  product 

c)  Production  capabi l i ty:  I n formation  abou t the  capabi l i ty to  produce  a  product.  

d )  Product defin i tion :  I n formation  requ i red  to  produce  a  product.  

Part  2  con tains  a  complete  mapping  of Clause  6  i n formation  elements  to  Part 2  object models.  

Clause  8 . 4  describes  the  categories  of i n formation  structures  that are  exchanged  between  
production  orien ted  appl ications  at  Level  4  and  those  at  Level  3 .   

Th is  section  i s  based  on  the  production  operation  management category to  i l l ustrate  the  d i fferent 
i n formation  structures  and  categories  that can  a l so  be  appl ied  to  other operation  categories  
( inven tory,  qual i ty,  main tenance)  as  described  i n  Part 2 .  

Th is  i n formation  i s  a  subset of the  i n formation  shown  i n  F igure  9  and  i s  i den ti fied  i n  F igure  1 1 .  
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Fi g u re  1 1  – Prod u cti on  operati on s  m anag emen t in formati on  

Some i n formation  i n  each  of these  four areas  i s  shared  between  the  manufacturing  operations  
and  con trol  systems  and  the  other business  systems,  as  i l l ustrated  F igure  1 2 .   Venn  d iagrams 
are  used  to  i l l ustrate  the  overlap  of i n formation .  Th is  standard  i s  on ly concerned  wi th  the  
overlapping  i n formation  i n  the  Venn  d iagrams,  and  wi th  presenting  a  model  and  common  
terminology for that i n formation .   
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Fi gu re  1 2  – Areas  of i n formati on  exch an ge  

8 . 4. 2  Prod u cti on  capabi l i ty i n formati on  

8 . 4. 2. 1  Produ cti on  capabi l i ty i n formati on  categories  

There  are  th ree  main  areas  of i n formation  about the  production  capabi l i ty that have  s ign i fican t 
overlap.  The  th ree  areas  of i n formation  are  production  capabi l i ty i n formation ,  main tenance  
i n formation ,  and  capaci ty schedu l ing  i n formation .  F igure  1 3  i l l ustrates  the  overlapping  
i n formation .  
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Fi g u re  1 3  – Produ cti on  capabi l i ty i n formati on  

8 . 4. 2. 2  Produ cti on  capabi l i ty i n formati on  

For each  si te ,  area,  and  e lement wi th in  the  area  there  i s  a  presen tation  of the  production  
capabi l i ty of the  personnel ,  equ ipment,  and  materia ls .  

The  production  capabi l i ty i n formation  i ncludes  the  current capaci ty,  the  fu tu re  expected  capaci ty 
of the  resource,  and  a  h istory of capaci ty of the  resource.   

8. 4.2 .3  Prod u cti on  capacity types  

The  col lection  of pred icted  or forecast avai lable  capaci ty,  commi tted  capaci ty,  and  unatta inable  
capaci ty shal l  be  shown  as  production  capaci ty,  as  depicted  i n  F igure  1 4 .   

The  production  capaci ty i s  the  theoretical  maximum  capabi l i ty avai lable  for use  i n  production .     

Past capaci ty that represen ts  actual  use  h istory shal l  be  shown  as  used  or unused  capaci ty 

EXAMPLE  1  U sed  capaci ty may be  compared  agai nst  pred icted  commi tted  capaci ty to  vi sua l i ze  time  dependen t  
effi ci encies.   
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Fi gu re  1 4 – Cu rren t an d  fu tu re  capaciti es  

a)  The  capabi l i ty  i ncludes  the  capaci ty of the  resource.  

b)  A capaci ty may be  i den ti fied  as  curren t,  may be  i den ti fied  for fu tu re  times,  or may be  defined  
for past times,  as  depicted  i n  F igure  1 4 .  

NOTE  1  Fu tu re  producti on  capaci ty may change  over time  as  equ ipmen t,  materi a l ,  and  personnel  capabi l i ty i s  
added ,  mod i fi ed ,  or removed .  

c)  Committed  capaci ty defines  resources  that are  commi tted  to  fu tu re  production  or were  
commi tted  to  past production ,  usual l y due  to  existing  schedu les  and /or materials  i n  
production .  

Unatta inable  capaci ty defines  resources  that are  not atta inable  for fu tu re  production  g iven  the  
equ ipment cond i ti on ,  equ ipment u ti l i zation ,  personnel  avai l abi l i ty,  and  materia l  avai labi l i ty.   

EXAMPLE  2  U natta i nable  equ i pmen t capaci ty d ue  to  equ ipmen t cond i ti on  may occu r because  of equ i pmen t ou t  of 

servi ce  for main tenance  

EXAMPLE  3  U natta i nable  equ ipmen t  capaci ty d ue  to  equ ipmen t  u ti l i zati on  may occu r because  75  %  of a  vessel  i s  

fi l l ed  and  the  o ther 25  %  i s  not avai l abl e  for other products  

EXAMPLE  4  U natta i nabl e  personne l  capaci ty may occu r because  of vacati on  schedu les  

Avai lable  capaci ty defines  the  resources  that are  avai lable  for add i tional  fu tu re  production  and  
not commi tted  to  production .  

Capaci ties  may have  a  confidence  factor,  as  i l l ustrated  i n  F igure  1 5.   

NOTE  2  Con fi dence  factors  may be  u sed  by p l ann ing  and  schedu l i ng  i n  the  devel opmen t of poss ib l e  and  
a l ternate  schedu les  based  on  an  acceptable  l eve l  of ri sk.  

Used  Capaci ty i s  a  h istorical  va lue  that defines  the  portion  of the  production  capaci ty that was  
used  to  make  acceptable  qual i ty product.   

Unused  Capaci ty i s  a  h i storical  va lue  that defines  the  portion  of the  production  capaci ty that was  
not used  to  make  acceptable  qual i ty product.   An  unused  capaci ty may have  one  or more  
reasons  for the  unused  capaci ty,  as  i l l ustrated  i n  F i gure  1 6 .  

EXAMPLE  5  One  porti on  of an  unused  capaci ty may be  unused  because  of no  schedu l ed  producti on .   Another 
porti on  of the  unused  capaci ty may be  u nused  because  of producti on  of unacceptable  qual i ty product.   

Another porti on  may be  u nused  because  of equ i pmen t not  avai l ab l e .   

NOTE  3  U nused  Capaci ty (no  schedu led  producti on )  or U nused  Capaci ty (Qual i ty  Unacceptable)  may be  a  
concern  for some  en ti ti es  and  respecti ve  Key Performance  I nd i cators  may show resou rces  ava i l ab l e  
bu t  not  u ti l i zed  to  manu factu re  a  vi ab le  product.  
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Commi tted ,  Unatta inable,  and  Avai lable  capaci ty may be  defined  for past times,  as  a  h i story of 
expected  use,  and  for fu tu re  times,  as  a  pred iction .  Used  and  unused  capaci ty may be  defined  
for past times.    
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Fi g u re  1 5  – Fu tu re  capaci ty con fi den ce  factor 
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Fi gu re  1 6  – Past capacity u n u sed  capaci ty reason s  

8 . 4.2. 4 M ai nten ance i nformation  

For each  s i te,  area,  and  e lement wi th in  the  area  there  i s  a  l i sti ng  of the  equ ipment as  requ ired  
for main tenance.  Th is  i ncludes  main tenance  records  and  other i n formation  that i s  not part of the  
production  capabi l i ty model .   

The  main tenance  i n formation  i ncludes  the  curren t main tenance  state  of the  equ ipment.  
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8. 4.2 .5  Capacity sch edu l in g  in formati on  

The  capaci ty schedu l ing  i n formation  contains  the  process  segments  avai lable  for the  production  
un i t,  process  cel l ,  or production  l i ne.   

For each  s i te,  area,  and  equ ipment e lement wi th in  the  area  there  i s  a  presentation  of the  
production  capaci ty of the  personnel ,  equ ipment,  and  materia ls  needed  for schedu l ing  of 
production .   

8. 4.2. 6  Prod u cti on  equ i pmen t statu s   

Production  equ ipment status  i s  i n formation  derived  from  the  capabi l i ty i n formation  of the  
equ ipment and  the  main tenance  i n formation .  Th is  i ncludes  the  l i sti ng  of the  equ ipment,  the  
current status  of the  equ ipment,  and  the  usage  h istory of the  equ ipment.   

8. 4.2 .7  Prod u cti on  capacity  

Production  capaci ty i s  defined  as  the  i n formation  derived  from  production  capabi l i ty i n formation  
and  (product speci fic)  capaci ty schedu l ing  i n formation .  Th is  i ncludes  the  l i sti ng  of the  capaci ty 
schedu l ing  product defin i tion  i n formation  and  curren t status  and  expected  fu ture  status  of the  
personnel ,  equ ipment,  and  materia ls  capabi l i ti es.  

8. 4.2 .8  Sch ed u l ed  produ ction  equ i pmen t avai l abi l i ty 

Schedu led  production  equ ipment avai labi l i ty i s  a  dynamic i n teraction  of production  capabi l i ty 
i n formation ,  main tenance  i n formation ,  and  capaci ty schedu l ing  i n formation  that a l l ows  
forecasting  of schedu led  production  equ ipment avai labi l i ty.   

8. 4. 2.9  Preven ti ve/predi cti ve  m ai n tenan ce i nformation  

Preventive/pred ictive  main tenance  in formation  i s  the  correlation  of equ ipment heal th  and  
main tenance  requ i rements  wi th  capaci ty schedu l ing  i n formation  so  as  to  a l i gn  main tenance  
processes  and  ad just the  capaci ty schedu l ing  i n formation  du ring  the  main tenance  processes.  

8. 4.2. 1 0  Process  seg m en t capabi l i ty 

A capabi l i ty may be  g iven  i n  terms  of a  process  segment.  Process  segments  show the  business  
view of a  part  of the  manufactu ring  process.  The  capabi l i ti es  may speci fy speci fic  capabi l i ti es  or 
the  class  of capabi l i ty (such  as  class  of equ ipment)  needed  for the  process  segment.  F igu re  1 7  
i l l u strates  how capabi l i ties  relate  to  process  segments.   

– A manual  process  segment may define  the  class  of materia ls  and  class  of personnel  needed  
for production .   

– A semi -au tomated  process  segment may define  the  class  of materia ls ,  personnel ,  and  
equ ipment needed .   

– A non-materia l  process  segment,  such  as  an  equ ipment set-up  segment,  may define  the  
class  of equ ipment and  personnel  used .   

–  An  au tomated  process  segment may on ly define  the  materia l  and  equ ipment classes  needed .   
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Fi g u re  1 7  – Process  seg men t capabi l i ti es  

8 . 4. 3  Produ ct defi n i tion  i nform ati on  

8 . 4. 3. 1  Prod u ct defi n i tion  i n formati on  categ ori es  

There  are  three  main  areas  of i n formation  requ i red  for the  production  of a  speci fic  product that 
have  s ign i fican t overlap.  The  th ree  areas  are  i n formation  for schedu l i ng ,  material  i n formation ,  
and  production  ru les.  F i gure  1 8  i l l ustrates  the  overlapping  i n formation .  
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Fi g u re  1 8  – Produ cti on  i n formati on  defi n i ti on  

8 . 4. 3. 2  Prod u ct produ cti on  ru l es  

Product production  ru les  are  the  i n formation  used  to  i nstruct a  manufacturing  operation  how to  
produce  a  product.   

NOTE:  Examples  of product  d efi n i ti on  ru l es  are  a  genera l  s i te  or master reci pe  ( I EC  61 51 2-1  d efi n i ti ons) ,  product  

data  AP  (appl i cati on  protocol )  as  d efi ned  i n  I SO  1 0303-1 ,  s tandard  operati ng  procedu re  (SOP),  s tandard  
operati ng  cond i ti ons  (SOC),  rou ti ng ,  or assembly steps  based  on  the  producti on  s trategy u sed .   

8. 4.3.3  Bi l l  of m ateri al  

The  BOM  i s  a  l i st  of a l l  materia ls  requ i red  to  produce  a  product showing  the  quanti ty of each  
requ i red .  These  may be  raw materia ls ,  i n termed iate  materials ,  subassembl ies,  parts,  and  
consumables.  Th is  l i st  does  not con tain  the  breakdown  of where  the  materia ls  are  used  or when  
they are  needed ,  bu t i t  may be  organ ized  i n  a  h ierarch ical  manner that maps  to  some  of the  
production  steps.  The  b i l l  of material  often  i ncludes  materia l  that i s  not re lated  to  production  of 
the  product,  such  as  sh ipping  materia ls  or i ncl uded  documentation .  The  b i l l  of materia l  i s  a  
subset of the  bi l l  of resources.  

The  manufacturing  b i l l  i s  the  subset of the  b i l l  of materia l  that i s  re lated  to  production .   

8. 4.3.4  Bi l l  of resou rces  

The  bi l l  of resources  i s  the  l i st  of a l l  resources  requ i red  to  produce  a  product.  Resources  may 
include  materia ls ,  personnel ,  equ ipment,  energy,  and  consumables.  The  b i l l  of resources  does  
not con tain  the  speci fic  production  steps,  bu t i t  may be  organ ized  i n  a  h ierarch ical  manner that 
maps  to  some of the  production  steps.   

8. 4.3. 5  Produ ct seg m en t 

Product segment i s  the  overlap  of i n formation  between  product production  ru les  and  the  b i l l  of 
resources.  I t  describes  a  j ob  or task consisting  of one  or more  work e lements,  usual l y carried  ou t 
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essen tia l l y i n  one  l ocation .  A product segment i s  the  most detai led  process  view for the  business  
system  to  con trol  materia l ,  l abor,  resource  usage,  cost,  and  qual i ty i n  order to  con trol  the  
production .    

A product segment shal l  reference  a  process  segment.   Th is  re lationsh ip  i s  i l l ustrated  i n  F igure  
1 9.  
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Fi gu re  1 9  – Prod u ct seg men t rel ati on  to  process  seg ment 

Product segments  may correspond  to  

a)  I EC  61 51 2-1  process  stages,  process  operations,  un i t  procedures,  or operations  for batch  
manufacturing ;   

b)  production  un i t  operations  for con tinuous  manufacturing ;  

c)  assembly steps  and  assembly actions  for d iscrete  manufacturing ;  

d )  other types  of i den ti fi able  time  spans  for other types  of manufacturing .  

The  example  i n  F igure  20  i l l ustrates  nested  product segments  i n  a  Gantt-type  chart wi th  time  on  
the  horizon tal  axis  and  each  box correspond ing  to  a  d i fferen t product segment.   

Production  rou ting  i s  the  overlap  of i n formation  between  the  product production  ru le  i n formation  
and  b i l l  of resources  i n formation  wi thou t the  b i l l  of materia l  i n formation .  I t  represen ts  a l l  of the  
non-materia l  aspects  of production  such  as  equ ipment,  l abor,  and  energy.  Production  rou tings  
i nclude  an  ordered  sequence  of product segments.   

Materia l  rou ti ng  i s  the  overlap  of i n formation  between  the  production  ru le  i n formation  and  the  bi l l  
of materia l  i n formation .  I t  represents  both  the  production  materia l  i npu ts  and  where  they are  
used  i n  product segments.   
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Fi g u re  20  – Exampl e  of n ested  prod u ct seg men ts  

8 . 4. 3. 6  U se  of produ ct and  process  seg men ts  

Product and  process  segments  map the  business  view of the  processes  and  are  not i n tended  to  
represen t the  detai led  view requ i red  for manufacturing  operations  management wi th in  Level  3 .    

8. 4. 3. 7  Overl appin g  areas  

Figure  1 8  i l l ustrates  the  overlap  of i n formation  between  d i fferen t areas  bu t i s  not meant to  
represen t the  amount or importance  of the  i n formation .  D i fferen t manufacturing  and  business  
strateg ies  wi l l  have  d i fferent amounts  of i n formation  shared  between  the  d i fferent areas.  F i gure  
21  i l l ustrates  the  amount of i n formation  i n  two  examples.  The  l eft s i de  of the  fi gu re  shows  an  
example  where  the  manufactu ring  systems  main ta in  most of the  i n formation  requ i red  for a  
product.  The  ri gh t s ide  of the  fi gure  shows an  example  where  the  business  systems  main ta in  
most of the  i n formation .   
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Fi g u re  21  – Possi bl e  informati on  overl aps  
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8. 4.4 Prod u cti on  sch edu l e  an d  produ ction  performance i nformati on  

8. 4. 4. 1  Prod u cti on  i n formati on  categ ories  

There  are  th ree  main  areas  of i n formation  about actual  production  that have  s ign i fican t overlap.  
These  th ree  areas  are  production  h istory i n formation ,  production  resource  i n formation ,  and  the  
production  schedu l ing  i n formation .  F igure  22  shows  the  overlap  between  the  areas  of 
i n formation .  
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Fi g u re  22  – Produ cti on  i n formati on  

8 . 4. 4. 2  Produ cti on  h i story i n form ation  

Production  h i story i n formation  i s  a l l  of the  i n formation  recorded  about the  production  of a  
product.  Th is  may be  cal led  by many names,  such  as  the  batch  journal ,  product l og ,  or travel ler.   

8. 4. 4. 3  Produ cti on  resou rce  i nformati on  

Production  resource  in formation  i s  a l l  of the  i n formation  about i nven toried  materials ,  equ ipment,  
personnel ,  and  other resources.   

Typical l y,  a l l  consumed  and  produced  materia ls  are  main ta ined  i n  the  production  resource  
i n formation ,  and  sometimes  i n termed iates  are  main tained  i f they are  needed  for financia l  
evaluation .  I n  some industries  th is  may include  energy i n formation .   

8. 4. 4. 4 Prod u cti on  sch edu l i ng  i n form ati on  

The  schedu l ing  model  con tains  a l l  of the  i n formation  abou t the  execution  of schedu led  
production  runs.   
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8. 4.4. 5  Prod u cti on  seg men t in formati on  

The  production  segment i n formation  i s  h i story i n formation  about a  segment of a  schedu le.   

8. 4.4. 6  Produ cti on  resou rce  h istory i n formati on  

The  production  resource  h istory i n formation  i s  the  part of the  production  h istory i n formation  that 
con tains  i n formation  on  resources  that has  been  used  i n  Production .   

8. 4. 4. 7  Prod u cti on  sch edu l e  an d  performance  

Production  schedu le  and  performance  i n formation  i s  shared  among  production  i n formation ,  
i nven tory i n formation ,  and  schedu l ing  i n formation .  Th is  i ncludes  the  l i sti ng  of the  raw materia ls  
consumed ,  materia ls  produced ,  and  materia ls  scrapped .  I t  a l so  i ncludes  the  d i scussion  of how 
long  segments  of production  actual l y took and  how much  materia l  was  produced  and  consumed  
by speci fic  segments  of production .  Th is  i n formation  i s  general ly used  to  track actual  production  
against production  requests  and  as  feedback to  the  schedu l ing  cycle.  

9  Com pleteness,  com pl i ance  an d  con form ance 

9. 1  Com pleteness  

There  are  no  completeness  cri teria  for th is  Part.   

9. 2  Compl i ance 

a)  Any assessment of the  degree  of compl iance  of a  speci fication  shal l  be  qual i fied  by a  
statement of the  degree  to  wh ich  they then  conform  partia l l y or total l y to  defin i tions.  

b)  I n  the  even t of partia l  compl iance,  areas  of non-compl iance  shal l  be  expl ici tl y i den ti fied .   

NOTE:   Th i s  part  of the  standard  does  not  enumerate  compl i ance  poi n ts  su ffi ci en t to  form  a  conform i ty 
assessmen t  scheme.   Add i ti ona l  speci fi cati ons  are  requ i red  to  defi ne  speci fi c  compl i ance  e l emen ts  
needed  to  meet a  speci fi c  techn i ca l  regu l ati on  or d i recti ve.  

9. 3  Con formance 

Any assessment of the  degree  of conformance  of an  appl ication  shal l  be  qual i fied  by the  
documentation  to  wh ich  the  defin i tions  conform.  

I n  the  even t of partia l  con formance,  areas  of non-conformance  shal l  be  expl ici tl y i den ti fied .  

NOTE:  Th i s  part  of the  s tandard  does  not  enumerate  or g roup  the  con formance  poi n ts  su ffi ci en t  to  form  a  
con form i ty assessmen t scheme.  Add i ti onal  speci fi cati ons  are  requ i red  to  defi ne  speci fi c  con formance  

requ i remen ts  su i tab l e  for conformance  tests .    
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Annex A  
(informative)  

 
Other enterpri se  acti vi ties  affecti ng  manu factu ri ng  operati ons  

A. 1  Oth er areas  

I n  add i tion  to  the  major activi ties  a l ready described ,  there  are  other activi ties  that are  used  wi th in  
manufacturing  operations,  bu t are  not necessari l y un ique  to  the  manufacturing  e lement of a  
company.  These  supporting  activi ties  i nclude,  bu t are  not l im i ted  to,  

a)  management of securi ty wi th in  manufacturing  operations;  

b)  management of i n formation  wi th in  manufactu ring  operations;  

c)  management of configurations  wi th in  manufacturing  operations;  

d )  management of documents  wi th in  manufacturing  operations;  

e)  management of regu latory compl iance  wi th in  manufacturing  operations;  

f)  management of i nciden ts  and  deviations  wi th in  manufacturing  operations.  

F i gure  A. 1  i l l ustrates  the  concept of the  supporting  activi ties  and  thei r re lationsh ip  wi th  the  major 
manufacturing  operations  activi ties.  For example,  there  may be  an  aspect of management of 
i n formation  used  i n  production  data  col lection ,  production  resource  management,  production  
tracking ,  production  defin i tion  management,  main tenance  defin i tion  management and  qual i ty test 
data  col lection .   
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Fi gu re  A. 1  – Oth er enterprise  acti vi ti es  affecti n g  man u factu ri ng  operations  
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A. 2  M an ag em en t of secu ri ty 

Management of securi ty i s  an  en terprise  function  and  i s  not defined  i n  th i s  standard  bu t does  
impact manufacturing  operations  management.  Securi ty management functions  i nclude  physical  
(s i te  and  area)  securi ty,  i n formation  securi ty and  computer securi ty.  The  basic role  of securi ty i n  
manufacturing  operations  i s  to  make  su re  that on ly au thorized  personnel  may make  changes  or 
affect manufacturing  i n  a l l owed  ways.  Th is  typical l y  i nvolves  physical  securi ty to  l im i t access  to  
faci l i ti es,  con trol  of i n formation  fl ows  ou t of a  faci l i ty to  protect i n te l l ectual  property and  control  of 
commun ications  to  ensure  that unau thorized  remote  access  does  not affect operations.   

NOTE  Managemen t of secu ri ty i s  often  combined  wi th  managemen t of networks.  The  cu rren t  recommend  practi ce  i s  
to  ensu re  that networks  used  i n  producti on  operati ons ,  especi a l l y those  i nvol ved  i n  physi cal  con tro l  o f 
processes,  are  separate  from  non -real -time  networks.  Th i s  separati on  may be  phys ica l ,  th rough  d i fferen t  

networks  or network standards ,  or vi rtual  th rough  protocol s ,  fi rewal l s  and  rou ters.  Real -time  con tro l  requ i res  
pred i ctab le  network respons iveness  and  l atency,  wh i ch  i s  best  accompl i shed  th rough  the  separati on  of 

n etworks.   

When  pol icies  and  procedures  for management of securi ty do  not exist on  a  company-wide  basis,  
then  securi ty con trol  can  be  considered  a  manufacturing  operations  activi ty,  for manufacturing  
securi ty.   

Poten tia l l y re levan t standards  for securi ty re lating  to  commun ications  and  computer systems  are  
l i sted  i n  Annex B.   

A. 3  M an ag em en t of i n form ati on  

Management of i n formation  i s  an  en terprise  function  and  not defined  i n  th i s  standard  bu t does  
impact manufacturing  operations  management.  I n  fact,  most of the  manufacturing  operations  
activi ties  consume  and  generate  i n formation  as  part  of thei r function .  Many functions  must 
exchange  in formation  wi th  other functions  that are  not l i sted  th is  standard .   

When  pol icies  and  procedures  for management of i n formation  do  not exist on  a  company-wide  
basis,  then  i n formation  con trol  can  be  considered  a  manufacturing  operations  activi ty,  for 
manufacturing  i n formation .   

Management of i n formation  i nvolves  management of i n formation  storage,  transmission ,  backup,  
recovery and  redundancy.  These  are  often  corporate- level  functions  that fo l l ow corporate,  
i ndustry,  national ,  or i n ternational  standards.   

A. 4 M an ag em en t of con fig u rati on  

Management of configuration  i s  often  an  en terprise  function  and  i s  not defined  i n  th i s  standard  
bu t does  impact manufacturing  operations  management.  Management of configuration  i ncludes  
configuration  management and  change  con trol  procedures  that shou ld  be  considered  i n  
manufacturing  operations.  Th is  function  may be  requ i red  any p lace  there  i s  a  semi -permanent 
data  storage  and  actions  can  be  taken  based  on  the  stored  data.  Often  aud i t  trai l s  and  revis ion  
management procedures  are  requ i red .   

EXAMPLE  1 :  Th i s  may i ncl ude  product  defi n i ti ons,  work  i n structi on ,  s tandard  operati ng  procedu res,  product  and  
process  defi n i ti ons ,  resou rce  cl ass  defi n i ti ons.   

EXAMPLE  2 :  Th i s  may i ncl u de  managemen t of Level  2  i n formati on  such  as  PLC  programs  and  DCS  con fi gu rati ons .  

Get more FREE standards from Standard Sharing Group and our chats

https://t.me/standardsharing


 -  67  -  ANSI /ISA-95.00. 01 -201 0  ( I EC  62264-1  Mod)  

 

When  pol icies  and  procedures  for management of configurations  do  not exist on  a  company-  
wide  basis,  then  configuration  control  can  be  cons idered  a  manufacturing  operations  activi ty,  for 
manufacturing  configurations.   

One  aspect of configuration  management i nvolves  the  processes  and  procedures  necessary to  
implement changes  to  configuration  e lements  that may comprise  the  production  operations.  Th is  
i ncludes  i den ti fi cation ,  su rvei l l ance  and  control  of changes  to  these  configurable  i tems.  Th is  
i ncludes,  bu t i s  not l im i ted  to,   

a)  equ ipment hardware  i den ti fi cation  and  change  procedures;  

b)  Level  2  and  Level  3  software  i den ti fi cation  and  change  procedures;  

c)  data  and  record  management for Level  2  and  Level  3  records;  

d )  version  con trol  of the  configuration  e lements.  

One  aspect of change  con trol  i nvolves  processes  or procedures  by wh ich  changes  are  i n i tiated  
and  managed .  These  procedures  often  i nclude  the  fol lowing :  

1 .  requests  for change;  

2 .  analysis  of the  change  request;  

3 .  impact analysis  of the  change;  

4 .  approval  of the  change;  

5 .  implementation  of the  change;  

6 .  review and  approval  of the  change  implementation ;  

7 .  mon i toring  of the  change.  

Poten tia l l y re levan t standards  for management of configuration  i nclude  are  l i sted  i n  Annex B.   

A.5 Management of documents  

Management of documents  i s  often  an  en terprise  function  and  i s  not defined  i n  th i s  standard  bu t 
does  impact manufacturing  operations  management.  Manufacturing  operations  need  to  manage  
a  wide  range  of documents.  These  i nclude  i tems  such  as  SOPs,  work i nstructions,  recipes,  
con trol  system  programmes,  d rawings,  batch  records,  eng ineering  change  notices,  a larm  logs  
and  exception  reports.  Management of th i s  i n formation  i s  often  requ i red  for regu latory,  
envi ronmental ,  heal th  and  safety,  or certi fi cation  reasons.  General l y compan ies  have  a  set of 
procedures,  pol i cies  and  software  tools  i n  p lace  to  manage  a l l  corporate  documents.   

When  pol icies  and  procedures  for management of documents  do  not exist on  a  company-wide  
basis,  then  document con trol  can  be  considered  a  manufacturing  operations  activi ty,  for 
manufacturing  documentation .   

Document management a l so  i nvolves  an  aspect of d i saster recovery.  Many manufacturing  
systems  are  based  on  confidence  i n  the  del ivery systems.  However,  natural  or man-made 
d isasters  can  delay del i very of raw materia ls ,  de l i very of fi nal  products  and  make  manufacturing  
faci l i ti es  temporari l y or permanently unavai lable.  Compan ies  wi th  s ign i fican t operations  typical l y 
develop  a  d i saster-recovery p lan  that i ncludes  i n formation  about production .  I t  shou ld  a lso  
contain  documentation  on  core  manufacturing  processes.  Aside  from  recovering  data,  en ti re  
processes  may have  to  be  recreated  that must map  to  mach ine,  au tomated  systems,  physical  
l ayou t,  production  sequences  and  part  i nventory systems.  The  i n formation  shou ld  be  avai lable  
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after d isasters  so  that operators  can  physical l y recreate  production  l i nes  i n  the  event of 
un foreseen  d isasters.   

Poten tia l ly re levant standards  for document management are  defined  i n  Annex B.   

A. 6 M an ag emen t of reg u l atory compl ian ce  

The  broad  footprin t of management of regu latory compl iance  means  that many areas  of the  
en terprise  can  be  s ign i fican tly affected .  Fai l u res  i n  regu latory compl iance  can  stop  production ,  
force  product recal l s  and  poten tia l l y cause  safety problems.  Where  management of regu latory 
compl iance  activi ties  i nvolves  the  qual i ty and  safety of production ,  then  the  activi ties  are  i n  the  
scope  of production  operations.   

When  pol icies  and  procedures  for management of regu latory compl iance  do  not exist on  a  
company-wide  basis,  then  compl iance  control  can  be  considered  a  manufactu ring  operations  
acti vi ty,  for manufacturing  compl iance.   

F i gure  A. 2  i l l ustrates  some of the  aspects  of regu latory compl iance  and  general  activi ties  
associated  wi th  each  aspect.   

 

Management of

Regulatory Compliance

Employee

Tracking

Industrial Hygiene

Management

Occupational

Health and

Safety

Chemical

Inventory

Management

Hazardous 

Materials

Tracking

Material Safety

Data Sheet

Authoring

and Labeling

Trade & Shipping

Tracking and

Compliance

Facilities

Management

Equipment Safety

Incident Tracking

and Prevention

Air,  Waste,  and

Water Emissions

Tracking

Personnel Safety

Regulatory Control

Environmental

Regulatory Control

Border Regulatory Control 

Local Environmental

Regulatory Control

Local Environmental

Regulatory Control

 

Fi gu re  A. 2  – Fu n cti on s  i n  manag em en t of reg u l atory compl i an ce  

Typical  envi ronmental  activi ties  i nclude   

a)  permi t  requ i rements  re lated  to  p lann ing /construction  and  operations;  

b)  a i r pol l u tion  con trol  i nclud ing  emissions  l im i tation /con trol  and  permi ts;  

c)  water pol l u tion  con trol  i nclud ing  wastewater and  effl uent d i scharges  and  storm  water runoff;  
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d )  waste  management of sol ids,  hazardous  materia l  and  packag ing ;  

e)  noti fi cation ,  classi fication ,  packag ing  and  l abel l i ng  of hazardous  materia ls.  Th is  a l so  
i ncludes  storage  of such  materia l ;   

EXAMPLE:  Specia l  hand l i ng  of asbestos ,  PCBs  and  pesti ci des .  

f)  l i abi l i ty and  management practices  i nclud ing  ci vi l  and  criminal  l i abi l i ty and  contaminated  l and  
l i abi l i ty;  

g )  typical  heal th  and  safety activi ties  i nclud ing   

h )  hand l ing ,  classi fication ,  packag ing  and  l abel l i ng  of hazardous  substances  i nclud ing  safety 
data  sheets;  

i )  d isaster p lann ing  i nclud ing  emergency p lann ing  and  response  and  fi re  safety;  

j )  hazard  commun ication  i n  the  form  of warn ing  s igns,  tra in ing  and  advice;  

k)  occupational  heal th  survei l lance  i n  the  form  of occupational  exposure  con trols  ( i nclud ing  
chemical ,  physical ,  b io log ical  agen ts  and  noise) ;   

l )  med ical  su rvei l l ance  of personnel ;  

m)  process  safety i n  the  form  of mach inery safety,  l i fti ng  equ ipment,  pressure  systems,  
confined  space  en try/work permi ts/access  con trol ;  

n )  management of functional  safety;  

o)  e lectrical  safety;  

p)  ergonomics  i nclud ing  office  work,  manual  hand l ing  of l oads  and  the  l i ke;  

q )  fi rst a id .   

Potentia l l y  re levan t standards  related  to  regu latory compl iance  are  defined  i n  Annex B.  

A. 7  M an ag em en t of in ci den ts  an d  deviati on s  

Management of i ncidents,  deviations,  corrective  actions  and  preven tative  actions  i s  often  an  
en terprise  function  and  i s  not defined  i n  th i s  standard ,  bu t does  impact manufacturing  operations  
management.  Management of i nciden ts,  deviations,  corrective  actions  and  preven tative  actions  
i s  often  associated  wi th  main tenance  of regu latory compl iance  or wi th  con tinuous  improvement 
processes.  These  activi ties  are  a l so  often  performed  i n  con junction  wi th  other manufactu ring  
operations  management activi ties.   

Management of i nciden ts:  Main tain ing  p lan t operation  often  requ i res  that unexpected  even ts,  
cal l ed  i nciden ts,  are  recorded  and  that the  response  to  the  i nciden t i s  recorded .  I nciden ts  are  
typical l y unexpected  even ts  re lated  to  main tain ing  p lan t operations,  safety,  regu latory 
compl iance,  or securi ty.  I nciden t management typical l y i nvolves  i nvestigation  to  determine  the  
root cause  of the  i ncident and  may l ead  to  preventive  actions  to  prevent fu tu re  i ncidents.   

EXAMPLE  1 :  An  unexpected  re l ease  of a  chem ical  i n to  the  envi ronmen t may generate  an  i nci den t  and  the  i nci den t  

report  may have  to  be  sen t to  the  appropri ate  regu l atory agency,  such  as  the  US  EPA.   

EXAMPLE  2 :  An  unexpected  pump  fa i l u re  from  a  n ewl y i n sta l l ed  pump  may generate  an  i nci den t  and  the  i nci den t 

response  may be  to  i nvesti gate  and  poten ti a l l y change  the  suppl i er.   

Management of deviations:  Main ta in ing  p lan t operations  often  requ i res  that deviations  that have  
been  detected  because  of normal  cond i tions  are  recorded  and  that the  response  to  the  deviation  
i s  recorded .  Deviations  are  typical l y measured  d i fferences  between  an  observed  value  and  an  
expected  or normal  va lue,  or an  anomaly from  a  documented  standard  or process.  Deviation  
management typical l y i nvolves  determination  of the  root cause  of the  deviation  and  may l ead  to  
corrective  actions  to  remove  the  source  of the  deviation .   
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Management of corrective  actions  and  preven tive  actions:  Main tain ing  p lan t operations  often  
requ i res  that corrective  actions,  typical l y i n  response  to  an  i nciden t,  deviation ,  or fa i l u re,  are  
recorded  and  managed  and  that the  resu l ts  of the  corrective  action  are  recorded .  Clear,  
appropriate  and  implementable  corrective  actions  shou ld  be  i den ti fied  at  the  conclusion  of any 
i nvestigation .  Tracking  and  fo l l ow-up  shou ld  be  managed  to  ensure  that the  corrective  actions  
are  implemented  and  veri fied .   

EXAMPLE  3 :  Correcti ve  acti ons  may i ncl ude  improving  procedu res,  add i ng  ma in tenance  procedu res  for equ ipmen t,  or 
implemen ti ng  retest  or reva l i dati on  procedu res.  

Preventative  actions  are  typical l y managed  i n  a  s im i lar fash ion ,  i n  order to  prevent possib le  
fu ture  i nciden ts  or deviations.   

EXAMPLE  4 :  Batch  cycl e  times  on  a  process  ce l l  may not  meet  the  rated  va l ue  and  th i s  i s  i d en ti fi ed  as  a  deviati on ;  
then ,  a  preven ti ve  acti on  i s  created  to  reduce  the  batch  cycle  time.   

Recommended  actions  are  managed  i n  a  s im i lar function .  Recommended  actions  are  predefined  
sets  of actions  to  occur i n  the  even t of an  i nciden t or deviation .   
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Annex B   
(informative)   

 
Associated  standards  

 

B. 1  M an ag em en t of secu ri ty 

The  fol lowing  standards  may apply to  the  common  en terprise  activi ties  of management of 
securi ty.   

I SO/IEC 9798-1 : 1 007,  Information technology – Security techniques – Entity authentication 
mechanisms – Part 1: General  

I SO/IEC 1 01 64-7: 1 992,  Information technology – Open Systems Interconnection – Systems 
Management: Security alarm reporting function  

I SO/IEC 1 01 64-8: 1 993,  Information technology – Open Systems Interconnection – Systems 
Management: Security audit trail function  

I SO/IEC 1 01 64-9: 1 995,  Information technology – Open Systems Interconnection – Systems 
management: Objects and attributes for access control  

I SO/IEC 1 01 81 -1 : 1 996,  Information technology – Open Systems Interconnection – Security 
frameworks for open systems: Overview  

I SO/IEC 1 01 81 -2 : 1 996,  Information technology – Open systems interconnection – Security 
frameworks for open system: Authentication framework  

I SO/IEC 1 01 81 -3: 1 996,  Information technology – Open Systems Interconnection – Security 
frameworks for open systems: Access control framework  

I SO/IEC 1 01 81 -4 : 1 997,  Information technology – Open Systems Interconnection – Security 
frameworks for Open Systems: Non-repudiation framework  

I SO/IEC 1 01 81 -5: 1 996,  Information technology – Security frameworks for open systems: 
Confidentiality framework  

I SO/IEC 1 01 81 -6: 1 996,  Information technology – Open Systems Interconnection – Security  
frameworks for open systems: Integrating frameworks 

I SO/IEC 1 01 81 -7: 1 996,  Information technology – Open Systems Interconnection – Security 
frameworks for open systems: Security audit and alarms framework  

I SO/IEC 1 0745: 1 995,  Information technology – Open Systems Interconnection – Upper layers 
security model  

I SO/IEC 1 1 586-1 : 1 996,  Information technology – Open Systems Interconnection – Generic upper 
layers security: Overview,  models and notation  
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I SO/IEC 1 1 586-2 : 1 996,  Information technology – Open Systems Interconnection – Generic upper 
layers security: Security Exchange Service Element (SESE) service definition  

I SO/IEC 1 1 586-3: 1 996,  Information technology – Open Systems Interconnection – Generic upper 
layers security: Security Exchange Service Element (SESE) protocol specification  

I SO/IEC 1 1 586-4: 1 996,  Information technology – Open Systems Interconnection – Generic upper 
layers security: Protecting transfer syntax specification  

I SO/IEC 1 3335-1 : 2004,  Information technology – Security techniques – Management of 
information and communications technology security – Part 1: Concepts and models for 
information and communications technology security management  

I SO/IEC 1 3335-3: 1 998,  Information technology – Guidelines for the management of IT security – 
Part 3: Techniques for the management of IT security  

I SO  7498-2: 1 989,  Information processing systems – Open Systems Interconnection – Basic 
Reference Model – Part 2: Security Architecture  

ANSI /ISA-TR99.00. 01 ,  Security Technologies for Manufacturing and Control Systems 

ANSI /ISA-TR99.00. 02,  Integrating Electronic Security into the Manufacturing and Control 
Systems Environment 

B. 2  M an ag em en t of con fig u rati ons  

The  fol lowing  standards  may apply to  the  common  en terprise  activi ties  of management of 
configurations.  

ANSI /EIA-649-A,  National Consensus Standard for Configuration Management 

OSHA 29  CFR 1 91 0. 1 1 9,  Process safety management of highly hazardous chemicals 

FDA 21  CFR Part 1 1 ,  Electronic records; electronic signatures 

FDA 21  CFR Part 21 0,  Current Good Manufacturing Practice in Manufacturing,  Processing,  
Packaging,  or Holding of Drugs; General 

I SPE,  GAMP Guide for Validation of Automated Systems   

B. 3  M an ag em en t of docu men tation  

The  fol lowing  standards  may apply to  the  common  en terprise  activi ties  of management of 
documentation .  Poten tia l l y re levan t standards  for document management i nclude  the  fol lowing .  

I EC  6041 7,   Graphical symbols for use on equipment I EC  6061 7,  Graphical symbols for diagrams    

I EC  60848:2002,  GRAFCET specification language for sequential function charts  
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I EC  61 082-1 : 2006,  Preparation of documents used in electrotechnology – Part 1 : Rules 

I EC  61 1 75:2005,  Industrial systems,  installations and equipment and industrial products – 
Designations for signals and connections 

I EC  61 286:2001 ,  Information technology – Coded graphic character set for use in the preparation 
of documents used in electrotechnology and for information interchange 

I EC  61 346-1 : 1 996,  Industrial systems,  installations and equipment and industrial products –
Structuring principles and reference designations – Part 1: Basic rules 

I EC  61 346-4: 1 998,  Industrial systems,  installations and equipment and industrial products – 
Structuring principles and reference designations – Part 4: Discussions of concept 

I EC  61 355: 1 997,  Classification and designation of documents for plants,  systems and equipment 

I EC  61 360-1 : 2002,  Standard data element types with associated classification scheme for 
electric components – Part 1 : Definitions – Principles and methods  

I EC  61 360-2: 2002,  Standard data element types with associated classification scheme for 
electric components – Part 2: EXPRESS dictionary schema 

I EC  61 360-4,  Standard  data element types with associated classification scheme for electric 
components – Part 4: IEC reference collection of standard data element types and component 
classes  

I EC  61 506: 1 997,  Industrial-process measurement and control – Documentation of application 
software 

I EC  61 666: 1 997,  Industrial systems,  installations and equipment and industrial products –
Identification of terminals within a system 

I EC  61 734:2006,  Application of symbols for binary logic and analogue elements   

I EC  62023:2000,  Structuring of technical information and documentation 

I EC  81 71 4-2: 2006,  Design of graphical symbols for use in the technical documentation of 
products – Part 2: Specification for graphical symbols in a computer sensitive form,  including 
graphical symbols for a reference library,  and requirements for their interchange 

I EC  81 71 4-3: 2004,  Design of graphical symbols for use in the technical documentation of 
products – Part 3: Classification of connect nodes,  networks and their encoding 

I EC  82045-1 : 2001 ,  Document management – Part 1: Principles and methods 

I SO  81 71 4-1 : 1 999,  Design of graphical symbols for use in the technical documentation of 
products – Part 1: Basic rules 
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B. 4 M an ag emen t of reg u l atory compl ian ce  

The  fol lowing  standards  may apply to  the  common  en terprise  activi ties  of management of 
regu latory compl iance.  

I SO  1 4001 :2004,  Environmental management systems – Requirements with guidance for use 

I SO  1 4004:2004,  Environmental management systems – General guidelines on principles,  
systems and support techniques 

I SO  1 401 5:2001 ,  Environmental management – Environmental assessment of sites and 
organizations (EASO) 

I SO  1 4020:2000,  Environmental labels and declarations – General principles  

I SO  1 4021 : 1 999,  Environmental labels and declarations – Self-declared environmental claims 
(Type II environmental labelling) 

I SO  1 4024: 1 999,  Environmental labels and declarations – Type I environmental labelling – 
Principles and procedures 

I SO  1 4025:2006,  Environmental labels and declarations – Type III environmental declarations – 
Principles and procedures 

I SO  1 4031 : 1 999,  Environmental management – Environmental performance evaluation – 
Guidelines 

I SO  1 4032: 1 999,  Environmental management – Examples of environmental performance 
evaluation (EPE) 

I SO  1 4040:2006,  Environmental management – Life cycle assessment – Principles and 
framework 

I SO  1 4041 : 1 998,  Environmental management – Life cycle assessment – Goal and scope 
definition and inventory analysis 

I SO  1 4042:2000,  Environmental management – Life cycle assessment – Life cycle impact 
assessment 

I SO  1 4043:2000,  Environmental management – Life cycle assessment – Life cycle interpretation 

I SO  1 4047:2003,  Environmental management – Life cycle assessment – Examples of application 
of ISO 14042 

I SO  1 4048:2002,  Environmental management – Life cycle assessment – Data documentation 
format 

I SO  1 4049:2000,  Environmental management – Life cycle assessment – Examples of application 
of ISO 14041  to goal and scope definition and inventory analysis 
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I SO  1 4050:2002,  Environmental management – Vocabulary 

I SO  1 4061 : 1 998,  Information to assist forestry organizations in the use of Environmental 
Management System standards ISO 14001  and ISO 14004 

I SO  1 4062:2002,  Environmental management – Integrating environmental aspects into product 
design and development 

I SO  1 901 1 : 2002,  Guidelines for quality and/or environmental management systems auditing 

29  CFR 1 91 0,  Occupational safety and health standards  

B. 5 Rel ated  stan dards  on  q u al i ty 

I SO  9000:2005,  Qual i ty management systems  – Fundamentals  and  vocabu lary 

I SO  9001 : 2000,  Qual i ty management systems  – Requ i rements  

I SO  9004:2000,  Qual i ty management systems  – Gu idel ines  for performance  improvements  

I SO  1 0005:2005,  Qual i ty management – Gu idel i nes  for qual i ty p lans  

I SO  1 0006:2003,  Qual i ty management systems  – Gu idel i nes  for qual i ty management i n  projects  

I SO  1 0007:2003,  Qual i ty management systems  – Gu idel i nes  for configuration  management 

I SO  1 001 2: 2003,  Measurement management systems  – Requ i rements  for measurement 
processes  and  measuring  equ ipment 

I SO  1 001 3: 2001 ,  Gu idel i nes  for qual i ty management system  documentation  

I SO  1 001 4: 2006,  Qual i ty management – Gu idel i nes  for real i zing  fi nancial  and  economic benefi ts  

I SO  1 001 5: 1 999,  Qual i ty management – Gu idel i nes  for tra in ing  

I SO  1 001 7: 2003,  Gu idance  on  stati stical  techn iques  for I SO  9001 : 2000  

I SO  1 901 1 : 2002,  Gu idel i nes  for qual i ty and /or envi ronmental  management systems  aud i ti ng  
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Annex C   
(informative)   

 
Bu siness  drivers  and  key performance i ndi cators  

C. 1  Pu rpose 

Th is  annex con tains  a  col lection  of business  d rivers  and  key performance  ind icators  (KPI )  or 
i ssues  that have  been  defined ,  and  used  as  the  poten tia l  touch  poin ts  i n to  the  business  
processes  of the  users  of the  standard .  These  are  a l so  cal led  Cri ti cal  Success  Factors.  The  
d rivers  were  used  to  test the  i n formational  con ten t i ncluded  wi th in  the  standards.  They 
determined  i f the  commun ications  model  adequately addressed  the  business  i ssue  associated  
wi th  i n tegration .  

These  business  d rivers  are  i den ti fied  as  being  cri ti cal  to  the  success  of the  operations  of 
manufacturing  compan ies  across  a  variety of i ndustries.  The  d rivers  have  been  clari fied  and  
val idated  wi th  operating  compan ies  and  vendors  compan ies.  The  d rivers  provide  users  wi th  the  
basis  from  wh ich  to  determine  the  usage  of the  standard  based  on  thei r particu lar i ndustry and  
i n formation  system  needs.  

C. 2  H i story  

Key business  d rivers  are  the  areas  of performance  that are  most cri ti ca l  to  an  organ ization 's  
success.  Key business  d river i s  a  term  used  i n  connection  wi th  strateg ic p lann ing  and  re lated  
goal  setting .  Key business  d rivers  refer to  principal  organ ization- level  requ i rements  (s im i lar to  
M ission  Essentia l  Task Li st,  or METL,  i n  tactical  un i ts) ,  derived  from  short-  and  l ong-term  
strateg ic p lann ing .  They i nclude  customer-d riven  qual i ty requ i rements  and  operational  
requ i rements  such  as  productivi ty,  cycle  time,  depl oyment of new technology,  strateg ic a l l i ances,  
suppl ier development,  and  research  and  development.  I n  s implest terms,  key business  d ri vers  
are  those  th ings  the  organ ization  has  to  do  wel l  for i ts  strategy to  succeed  (see  B ibl iography).  

C. 3  Dri vers  and  issu es  

Business  d rivers,  i n  a  manufacturing  faci l i ty,  generate  the  need  for i n formation  to  flow between  
the  execu tive  offices  and  the  process  or manufacturing  fl oor.  En terprises  focus  on  these  
business  d rivers  to  meet competi ti ve  requ i rements  i n  the  marketplace.  Business  d rivers  
subsequen tly i n fl uence  i n formation  sen t to  the  production  floor or are  i n fl uenced  by i n formation  
gathered  from  the  production  fl oor.  

Business  d rivers  and  some  i n formation  demands  have  been  i den ti fied .  Add i tional  research  and  
work may be  requ i red  to  clari fy the  scope  and  defin i tion  of the  d rivers  and  i n formation  demands  
for particu lar user requ i rements.  

There  i s  a lways  some  business  process  that needs  i n formation  from  production ,  or needs  to  
exercise  control  of production  that d rives  the  need  for i n tegration .  I n tegration  requ i res  that the  
production  i n formation  can  be  mapped  back to  the  business  i n formation .   



ANSI /ISA-95. 00.01 -201 0  ( I EC  62264-1  Mod)  -  78  -  

 

C. 4 Val u e  of stan dard  to  bu sin ess   

Manufacturing  en terprises  are  typical ly dynamic en ti ties.  There  are  con tinual  changes  i n  
business  processes  to  meet chang ing  business  and  l egal  envi ronments.  There  are  a l so  usual ly  
con tinual  changes  i n  production  processes,  as  new technolog ies  and  advances  i n  production  
capabi l i ti es  emerge.  The  purpose  of th i s  standard  i s  to  a id  i n  the  separation  of the  business  
processes  from  the  production  processes.  The  standard  describes  i n formation  i n  a  way that i s  
business-process  i ndependent and  production-process  i ndependent.  F igure  E . 1  i l l ustrates  th is  
concept of a  common  model  that bridges  the  d i fferen t business  and  production  processes.  

PDXI
NAMUR

Make to
order

Continuous

manufacturing
models

IEC 61 51 2 SME

IEC 62264-1

Alternate logistics strategies

Alternate Manufacturing  Strategies

Make to
stock

Engineer
to order

Configure
to order

Batch

manufacturing
models

Discrete

manufacturing
models

IEC   349/03

 

Fi g u re  C. 1  – M u l ti pl e  bu sin ess  and  produ cti on  processes  

C. 5 Ven dor-indepen den t exch an g e 

Another va lue  of the  standard  to  business  i s  the  separation  of exchanged  in formation  from  
speci fic  implementations  of manufacturing  operations  and  con trol  systems  and  speci fic 
implementations  of business  management systems.  Manufacturing  operations  and  con trol  
systems  change  when  the  production  processes  change,  when  factories  are  bough t or sold ,  or 
when  con trol  equ ipment i s  updated  or replaced .  L ikewise,  business  management systems  
change  due  to  corporate  mergers,  se l l -offs,  technology changes,  or business  or l egal  changes.   

Th is  standard  provides  vendor-independent methods  of describing  the  i n formation  exchanged  
that can  be  consisten t across  changes  to  manufacturing  systems  and  I T  business  systems.   

Get more FREE standards from Standard Sharing Group and our chats

https://t.me/standardsharing


 -  79  -  ANSI /ISA-95.00. 01 -201 0  ( I EC  62264-1  Mod)  

 

C. 6  Bu si n ess  dri vers  

Some terms  or l abels  that describe  such  business  d rivers  i nclude  the  fo l lowing .  

C.6. 1  Avai l abl e  to  prom i se  

Automated  avai lable-to-promise  i s  ach ieved  by g iving  order takers  access  to  i nven tory and  
capaci ty i n formation ,  and  i n  some cases  even  vendor i n formation ,  so  that they are  able  to  
commi t to  re l i able  del i very dates  wh i le  the  customer i s  sti l l  on  the  te lephone.  

I n formation  needed  for au tomated  avai lable-to-promise:  

– cu rrent fin i shed  goods  i nven tory;  

– cu rrent production  p lan  for that product;  

– real i stic  capaci ties  of the  production  faci l i ty of that product;  

– raw materia l  i nven tories;  or 

– raw materia l  purchasing  capabi l i ty.  

C.6. 2  Redu ced  cycl e  ti me  

Cycle  time  i s  defined  as  the  time  i t  takes  to  produce  a  product from  the  time  the  order i s  p laced .   

Cycle  time  refers  to  responsiveness  and  completion  time  measures  – the  time  requ i red  to  fu l fi l l  
commi tments  or to  complete  tasks  (see  B ibl iography).  

The  reason  that businesses  concen trate  on  m in im izing  the  tota l  cycle  time  i s  general l y to  
i ncrease  i nventory tu rns.  Th is  has  the  net resu l t  of i ncreasing  a  business's  ROA (return  on  
assets).   

To  reduce  cycle  time  a  business  i den ti fies  areas  where  most of the  delay and  wai ti ng  occurs  and  
addresses  them  appropriately.  I n  most cases,  the  time  needed  to  p lan  and  react to  changes  i s  
much  l onger than  the  time  to  bu i l d .  Response  time  improvement requ i res  a l l  aspects  of the  
p lann ing ,  schedu l ing  and  execution  to  be  taken  i n to  account.  Reducing  the  time  to  p lan  a l l ows  
more  frequent analysis  of forecasts  and  l ess  dependence  on  forecasting  data.  

C.6. 3  Asset effi ciency 

Asset efficiency i s  a  focus  on  maxim izing  the  effecti ve  and  cost-effecti ve  use  of assets  i n  the  
production  of products.  The  i n formation  obtained  from  the  production  envi ronment wi l l  del i ver to  
an  en terprise  real i stic  i n formation  on  the  production  capabi l i ti es  of the  p lan t,  tra in ,  un i t,  work cel l ,  
etc.  Asset effi ciency i s  the  desi re  to  better u ti l i ze  the  assets  of a  company.  I t  u sual l y i nvolves  a l l  
assets  of a  company,  production ,  service,  admin istration ,  support,  sa les,  and  marketing .  Asset 
efficiency improves  a  company's  ROA.   

Asset efficiency may imply 

c)  operating  to  capaci ty,  wi th  timely main tenance;  

d )  operating  equ ipment efficien tly i n  terms  of i ts  operating  parameters  and  i ts  main tenance;  

e)  measurements  such  as  coun ter read ings  per operating  hours;  

f)  time,  temperature,  pressure/vibration ,  status  or other detai l ed  data;  
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g )  main tenance  schedu les,  operating /main tenance  speci fications,  procedure  times.  

C.6. 4 Ag i l e  man u factu ri n g   

Agi le  manufacturing  i s  the  abi l i ty to  reconfigure  production  assets  to  meet market demand  
qu ickly.  Th is  requ i res  the  abi l i ty to  change  production  using  existi ng  p lan ts  and  equ ipment.   

Ag i l i ty i n  manufactu ring  i s  the  abi l i ty to  thrive  i n  a  manufacturing  envi ronment of con tinuous  and  
often  unanticipated  change  and  to  be  fast to  market wi th  customized  products.  Ag i le  
manufacturing  uses  concepts  geared  toward  making  everyth ing  reconfigurable.  

Ag i le  en terprises  may be  supported  by a  networked  i n frastructure  that can  l i nk mu l ti -company 
teams  in to  an  i n tegrated  vi rtual  corporation .   

Ag i le  manufacturing  requ i res  that production  can  qu ickly respond  to  changes  i n  product defin i tion  
and  sometimes  even  change  product production  processes  i n  m id -stream.   

C. 6. 5 Su ppl y ch ain  opti m ization  

The  a im  of supply chain  management (SCM)  i s  for each  p layer i n  the  supply chain  to  conduct 
business  wi th  the  l atest and  best i n formation  from  everyone  e l se  i n  the  chain ,  gu id ing  supply and  
demand  i n to  a  more  perfect balance.  The  purpose  i s  to  move  product from  the  poin t of orig in  to  
that of consumption  i n  the  l east amount of time  and  at the  smal l est cost.   

Supply chain  management helps  managers  do  such  th ings  as  i n tegrate  reta i l  channels  wi th  
manufacturing ,  d rive  demand  from  the  poin t  of sa le,  or e l im inate  i nventory bu ffers  i n  the  
d i stribu tion  chain .  SCM  extends  beyond  the  wal l s  of the  en terprise  to  suppl iers  and  d i stribu tors.  

Supply chain  management moves  to  supply chain  optim ization  when  the  supply chain  i s  used  to  
maximize  the  effectiveness  of the  whole,  as  wel l  as  maximizing  the  effectiveness  of the  
i nd ividual  parts.   

Supply chain  optim ization  i nvolves  making  complex tradeoffs  to  sati sfy business  objectives  of 
reducing  operational  costs  and  i nven tory,  improving  del ivery rel iabi l i ty and  response  time,  and  
service  to  the  customer.   

C.6. 6  Qu al i ty an d  traceabi l i ty 

Qual i ty and  traceabi l i ty can  be  a  business  d river i n  some businesses.  Th is  may be  requ i red  by 
factors  such  as  regu latory compl iance,  service  cost measurement per product improvement,  
re l iabi l i ty to  customers,  and  human  resources  tracking  of exposure  to  hazardous  i tems.  

Qual i ty and  traceabi l i ty requ i res  that i n formation  that i s  typical l y  kept wi th in  a  manufacturing  
system  be  made  avai l able  to  other parts  of an  en terprise.  Th is  often  requ i res  i n tegration  of 
production  con trol  and  qual i ty assurance,  wi th  a  corporate  qual i ty system.   

C.6. 7  Operator empowermen t 

Moving  more  decis ion-making  to  operations  sometimes  provides  a  competi ti ve  advantage,  where  
operator decisions  can  have  d i rectly measurable  fi nancia l  impacts.  The  operations  fl oor thus  
requ i res  a  s ign i fican t i ncrease  i n  i n formation  that was  accessib le  on ly from  business  offices  i n  
the  past.  
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Empowerment:  A cond i tion  whereby employees  have  the  au thori ty to  make  decisions  and  take  
action  i n  thei r work areas  wi thou t prior approval .  The  act of vesting  appropriate  au thori ty i n  the  
hands  of the  people  nearest the  problems  needs  to  be  solved .   

C. 6. 8  I m proved  pl ann i ng   

Improved  p lann ing  i s  a  key business  d river for compan ies  wi th  expensive  i nventory,  time-
consuming  production  bu t fast customer changes,  and  variable  demand .  Improved  p lann ing  
requ i res  access  and  use  of i n formation  from  throughout the  corporation  to  move  plann ing  ou tpu t 
from  production  requests  and  closer to  production  schedu les.  

Improved  p lann ing  requ i res  con tinual  feedback on  actual  production  and  materia l  consumption ,  
as  wel l  as  con tinual  feedback on  demand  and  i nven tories.   

C. 6. 9  Su m mary 

The  business  d river l i st  i s  not a l l - i nclusive.  Any business  d river that impacts  cost,  capaci ty,  
compl iance,  time,  or analysis  cou ld  be  added  to  the  l i st.  Add i tional ly,  i n formational  components  
of one  business  d river wi l l  a l so  often  be  requ i red  when  addressing  other business  d ri vers.  The  
example  i n  Clause  B . 6  i s  a  basic s i tuation  that may provide  a  starting  poin t for various  business  
d rivers.  

C. 7  Exam pl e  bu si ness  dri ver and  i nform ati on  fl ow 

An  example  of how business  d rivers  and  associated  production  functions  generate  the  need  for 
i n formation  fl ow th roughou t the  business  en terprise  i s  described  as  fol l ows.   

The  fi rst business  d river,  avai lable  to  promise,  i s  a  basic business  d river.  We  assume  a  
manufacturing  business.  I n  th is  business,  there  are  certa in  functional  steps  that generate  
i n formation  flow between  the  business  en terprise  (office)  and  the  production  fl oor (con trol  
systems).  

We  wi l l  consider th is  business  to  be  a  general  manufacturing  faci l i ty.  I n  a  typical  business  day,  
we  have  customers  who  are  requesting  to  buy our product.  Armed  wi th  i n formation  from  our 
sa les  personnel ,  we  progress  to  the  manufacturing  fl oor.  Here,  i n formation  generation  may be  
ou tl ined  i n  the  fo l l owing  steps.  

h )  Cu rren t state :  Where  are  we  ri gh t now?  Every business  requ i res  knowledge  of i ts  curren t 
manufacturing  and  business  s i tuation .  Th is  i n formation  i s  defined  as  production from plan  
and  production  performance  and  costs  i n  the  standard 's  data  fl ow model .   

i )  Target state :  Where  do  we  wan t to  go?  I n  the  normal  course  of business,  new orders  may be  
received ,  l egal  requ i rements  change,  and  even  the  weather may have  an  i n formational  
impact through  the  business.  So,  there  i s  i n formation  that fl ows  between  the  business  
practices  and  manufacturing  practices.  Th is  i n formation  i s  defined  as  schedule and  pack- out 
schedule i n  the  standard 's  data  flow model .  

j )  Transi ti on  state :  Prior to  a  change,  there  i s  a  s ign i fican t amount of i n formation  generated  to  
an ticipate  how the  changes  wi l l  be  managed .  And  when  th ings  actual ly change,  there  i s  
h istory gathering  of how the  changes  actual l y occur.  Th is  i n formation  i s  defined  as  
production  performance  i n  the  standard 's  object model .  

k)  Pl an n i n g /Sch edu l i n g :  For th is  business,  the  need  for i n formation  regard ing  curren t state,  
target state  and  transi tion  envi ronment may occur may times  per week,  day or operations  
sh i ft.  The  frequency of schedu le  update  and  the  frequency of i n formation  uploads  wi l l  depend  
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on  i ndustry needs.  A g rouping  or series  of steps  A,  B ,  and  C  may be  described  as  a  schedu le  
for the  manufacturing  fl oor.  Or,  the  business  offices  may regard  th is  as  a  p lan .  E i ther way,  
there  i s  i n formation  that has  to  fl ow between  the  two  to  reconci le  i ssues.  Th is  i n formation  i s  
defined  as  production schedule  i n  the  standard 's  object model .  

l )  Pl anned  versu s  actu al :  At certa in  times,  a  typical  business  has  to  review the  actions  i n  
steps  A th rough  C  to  see  i f the  business  requ i res  ad justments.  

Th is  i s  one  method  of describ ing  steps  that generate  i n formation  flow between  the  business  
offices  and  the  production  fl oor i n  an  avai lable-to-promise  en terprise.   

Regard less  of the  speci fic business  d river and  associated  functions  i den ti fied ,  some of the  steps  
described  i n  the  make-to-order example  above  are  requ i red  to  meet a l l  business  d ri vers.  For 
example,  many business  d rivers  requ i re  the  business  to  know what the  curren t state  of i ts  
business  i s .  

C. 8  Defi n i ti ons  

Th is  clause  presen ts  terms  sometimes  used  i n  describing  key business  d rivers.   

C.8. 1  Cu rren t state  reporti n g  

Curren t state  reporting  i s  a  col lection  of i n formation  that characterizes  the  curren t activi ty and  
cond i tions  that exist i n  the  manufacturing  envi ronment.  Th is  i n formation  i s  col lected  for the  
purpose  of decision  support.  Th is  i n formation  a l l ows  you  to  understand  where  you  are  i n  re lation  
to  cu rrent commi tments.  Th is  i n formation  i s  described  i n  the  standard  i n  the  current production  
capabi l i ty i n formation .  Some  other terms  often  used  i n  current state  reporting  i nclude  

a)  production  request:  i n formation  on  the  current production  schedu le  wi th  respect to  the  actual  
product that has  been  requested  for production ;  

b)  production  quan ti ty:  how much  of the  cu rrent production  request has  been  completed  
(cumu lative  versus  request)? ;  

c)  cu rrent rate:  what i s  the  i nstan taneous  rate  of production  of the  product requested?;  

d )  qual i ty:  measure  of the  effectiveness  of production  -  th i s  measurement of product qual i ty,  
yi e lds  data,  waste,  l oss,  yie ld ,  materia l ,  and  energy balance);  

e)  physical  equ ipment status:  i n formation  on  the  main tenance  state  of the  equ ipment,  work 
cel l s ,  tra ins,  etc. ,  to  determine  the  cu rren t and  fu ture  avai labi l i ty of that equ ipment for the  
production  of the  next product;  

f)  pred ictive  main tenance:  a  pred ictive  determination  of when  equ ipment wi l l  need  
main tenance,  and  a  mechan ism  to  perform  main tenance  on  the  equ ipment at or before  i ts  
expected  error or fa i l u re  time;  

g )  preven tative  main tenance:  performing  main tenance  before  an  error or fai l u re  occurs,  and  a  
mechan ism  to  perform  main tenance,  usual l y on  a  fi xed -time  or run-time  schedu le;  

h )  i nven tory status:  data  on  materia ls  that wi l l  impact the  decision  to  proceed  wi th  the  next 
product’s  production .  

C. 8. 2  Tu rn arou n d  ti me  

Turnaround  time  i s  the  time  requ i red  to  change  a  production  mechan ism  for the  purpose  of 
producing  a  d i fferen t product or the  same  product wi th  d i fferen t characteristics.  The  i n formation  
that wi l l  determine  the  tu rnaround  time  includes  
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a)  the  curren t state  of a l l  i tems  and  curren t state  of the  production  faci l i ty;  

b)  h istorical  transi tion  times,  g iven  the  current state  of the  production  faci l i ty;  

c)  standard  operating  procedures  requ i red  for swi tchover;  

d )  resource  requ i rements  versus  avai lable  ( l abor,  materia l ,  equ ipment) .  

C. 8. 3  Cam paig n in g   

Campaign ing  i s  the  p lann ing  of the  execu tion  of production  based  on  the  existing  capaci ty,  raw 
materia l ,  resources  and  production  request.  A campaign  i s  usual l y a  l im i ted  run  of product 
through  the  production  process.  Campaigns  can  l ast from  days  to  months  depend ing  on  the  
products,  processes,  and  production  requ i rements.  Control  strategy and  physical  process  
changes  may accompany campaigns.  

One  importan t aspect of campaign ing  i s  l etti ng  production  know the  sequence  of even ts  or 
schedu led  runs  ahead  of time.  

Campaigns  general ly deal  wi th  a  s ing le  product,  or a  set of products  wi th  compatib le  processing  
or product requ i rements.  Campaign  plann ing  has  to  a l so  address  previous  product 
characteristics  to  maxim ize  the  ag i l i ty of the  change.  

Campaign ing  i s  addressed  i n  the  standard  through  production  schedu les  and  production  
requests.  

C.8. 4 N ew targ ets  

New targets  describe  what to  make  in  the  next time  sequence  and  when  to  start – main ly an  
i n formation  demand  that the  con trol  system  p laces  on  the  en terprise  for a  production  order.  New 
targets  are  hand led  i n  the  standard  th rough  the  production  parameters  i n  a  production  request.   

The  type  of i n formation  requ i red  for new targets  depends  on  the  i ndustry.  New targets  can  be  
fixed  numbers  i n  a  d i screte  envi ronment and  can  be  variable  va lues,  such  as  tables  or functions,  
i n  con tinuous  envi ronments.  

New targets  may i nclude  the  product qual i ty characteristics.  

C. 9  Data  recon ci l i ati on  

Data  reconci l i ation  i s  a  serious  i ssue  for en terprise-con trol  i n tegration .  The  data  have  to  be  val id  
to  be  usefu l  for the  enterprise  system.  The  data  are  often  determined  from  physical  
measurements  that have  associated  error factors.  Th is  i s  usual l y converted  i n to  exact values  for 
the  en terprise  system.  Th is  conversion  may requ i re  manual  or i n te l l i gen t reconci l i ation  of the  
converted  values.  Add i tional  problems  occur when  the  type  of physical  measurement,  such  as  
volume,  i s  used  to  ca lcu late  i n formation  based  on  a  re lated  value,  such  as  weigh t.  For example,  
i n  the  refin ing  i ndustry the  operations  fl oor changes  the  densi ty of products,  bu t measures  by 
volume,  then  uses  i n ference  to  calcu late  densi ty and  weigh t.  

Systems have  to  be  set up  to  ensure  that accurate  data  are  sen t to  production  and  from  
production .  I nadverten t operator or clerical  errors  may resu l t  i n  too  much  production ,  too  l i ttl e  
production ,  the  wrong  production ,  i ncorrect i nven tory,  or m issing  i nven tory.  
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Annex D   
(informative)   

 
Qu esti ons  and  answers  abou t th i s  standard  

D. 1  I n trodu ction  

Th is  section  con tains  notes  about th is  standard ,  basical l y recorded  as  notes  and  emai l s  between  
commi ttee  members.  

D. 2  Pu rdu e Reference M odel  (PRM )  

QUESTION :   

What happened  to  the  i n formation  on  the  Purdue  Reference  Model  that was  i n  the  orig inal  part 
one  Annex?  

ANSWER:   

Th is  annex was  moved  to  a  new I SA95  Techn ical  Report that was  i n  development at the  time  of 
th is  publ ication .    

D. 3  Rol e  based  equ i pmen t h i erarchy an d  ph ysi cal  asset h ierarch y 

QUESTION :   

What exactly i s  the  role  based  equ ipment and  physical  asset h ierarchy?  I s  i t  d i fferen t from  how i t  
relates  to  the  I SA88  equ ipment physical  h ierarchy?  I f so,  how?   

ANSWER:   

The  role  based  equ ipment h ierarchy i s  j ust  a  new name  for the  equ ipment h ierarchy.  I t  i s  the  
same as  the  I SA88  physical  h ierarchy.  As  we  added  the  main tenance  activi ties  i n  Part 3 ,  we  
real i zed  that there  are  two  d i fferent aspects  of equ ipment,  one  the  con trol  aspect,  wh ich  is  
basical l y the  control  role  that the  equ ipment performs,  and  the  physical  ro le,  wh ich  i s  associated  
wi th  the  main tenance  of the  physical  equ ipment.     

A l ot of people  were  trying  to  use  the  I SA95  (and  I SA88)  equ ipment h ierarchy i n  defin ing  the  
physical  aspect of the  equ ipment,  and  th is  resu l ted  i n  a  l ot of confusion .  For example,  a  pump 
may be  considered  as  a  con trol  modu le  i n  I SA88  and  part of a  un i t  i n  I SA95.   However,  i f the  
physical  pump was  swi tched  ou t wi th  a  d i fferen t pump,  the  I SA88/95  equ ipment h ierarchy d id  not 
change  ( i t  performed  the  same  role),  bu t the  seria l  number,  main tenance  record ,  etc.  wen t wi th  
the  ol d  pump.     

Another way to  th i nk of the  two  iden ti fi ers  i s  us ing  your car as  an  example.  Your car has  a  VIN  
(Veh icle  I den ti fi cation  Number)  and  performs  a  role  (your means  of transportation) .  I f you  sel l  
your car and  get another,  you  sti l l  have  a  car performing  a  role,  bu t the  physical  car i s  now 
d i fferen t.  Your o ld  car may sti l l  exist,  and  be  performing  a  s im i lar role  for someone  e lse.   
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We  i den ti fied  another h ierarchy,  the  physical  asset h ierarchy,  to  hand le  i den ti fi cation ,  tracking ,  
and  col lections  of physical  equ ipment i n  the  main tenance  activi ties.  The  physical  asset h ierarchy 
matches  the  h ierarchy i n  the  M IMOSA standard .    

D. 4 Ph ysi cal  asset h i erarch y 

QUESTION :   

How i s  the  physical  asset equ ipment h ierarchy d i fferent from  the  I SA88  physical  equ ipment 
h ierarchy?  

ANSWER:   

The  I SA88  equ ipment h ierarchy i s  a  combination  of equ ipment and  con trol .  The  equ ipment i s ,  
however,  usual l y i den ti fied  by role  (for example:  Tag  Number),  so  i t  i s  the  same  as  the  I SA95  
role  based  equ ipment h ierarchy.  The  I SA95  physical  asset h ierarchy i s  i den ti fied  by the  actual  
physical  equ ipment (for example:  equ ipmen t i den ti fied  by seria l  number).    

D. 5 Ch art of accou n t h ierarch y 

QUESTION :   

What i s  the  s ign i ficance  of the  physical  asset equ ipment h ierarchy to  the  standard ;  i s  i t  re lated  to  
financial  or cost con trol?   Note  1  states  that the  physical  asset equ ipment h ierarchy usual ly has  
a  reference  to  an  accounting  h ierarchy i n  a  chart of accoun ts  

ANSWER:   

At  one  time  we  had  a  table  of a l l  of the  d i fferen t types  of equ ipment h ierarch ies  i n  an  en terprise.  
One  of these  was  the  a l l ocation  of a  physical  asset to  an  accoun t (wh ich  department “owns”  the  
equ ipment)  from  a  chart of accoun ts.  The  chart of accoun ts  h ierarchy was  ou t of scope,  bu t the  
main tenance  h ierarchy was  i n  scope.     

D. 6 Deci si on  h i erarch y 

QUESTION :   

What i s  the  purpose  and  s ign i ficance  of decision  h ierarchy to  the  standard?  

ANSWER:   

The  decis ion  h ierarchy was  added  by I EC in  the  I EC 62264-1  standard .  After I EC/ISO 62264-1  
was  re leased ,  the  decis ion  h ierarchy was  defined  i n  I SO  1 5704  I ndustria l  au tomation  systems  — 
Requ i rements  for en terprise-reference  arch i tectures  and  methodolog ies.  The  I SA95  update  was  
based  on  the  I EC 62264-1  standard .  However,  because  there  i s  now a  complete  standard  on  the  
decis ion  h ierarchy i t  was  removed  from  th is  standard ,  bu t a  reference  i s  now made  to  the  I SO  
1 5704  standard .  
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