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Preface

This preface as well as dl footnotes and annexes are included for informationa purposes and are not
part of 1SA-dSP95.01.

It is the policy of 1SA to encourage and welcome the participation of al concerned individuas and
interests in the development of ISA standards, recommended practices, and technica reports.
Participation in the ISA standards-making process by an individua in no way congtitutes endorsement
by the employer of that individud, of 1SA, or of any of the standards, recommended practices, and
technical reports that 1SA develops.

CAUTION:

ISA adheresto the policy of the American Nationa Standards Ingtitute 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
alicense on reasonable terms and conditions thet are free from unfair discrimination.

Even if ISA isunaware of any patent covering this Standard, the user is cautioned that implementation of
the standard may require use of techniques, processes, or materias covered by patent rights. 1SA takes
no pogtion on the exisence or vdidity of any patent rights that may be involved in implementing the
dandard. ISA is not respongble for identifying al patents that may require a license before
implementation of the standard or for investigating the vaidity 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 stlandard 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.

Additionaly, the use of this standard may involve hazardous materias, operations or equipment. The
standard cannot anticipate al possible applications or address dl possible safety issues associated with
use in hazardous conditions. The user of this sandard must exercise sound professona judgment
concerning its use and gpplicability under the usar’s particular circumstances. The user must aso
consder the gpplicability of any governmentd regulatory limitations and established safety and hedth
practices before implementing this standard.
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Enterprise/Control System Integration

Part 1: Modelsand Terminology

FOREWORD

This standard is Part 1 of a multi-part set of standards that define the interfaces between enterprise
activities and control activities.

The scope of Part 1 of the standard is limited to describing the relevant functions in the enterprise and
the control domain and which objects are normaly exchanged between these domains. Following parts
of the standard will address how these objects can be exchanged in a robugt, safe, and cost effective
manner presarving the integrity of the complete system.

This Part is structured to follow the IEC guiddines. Therefore, the firgt three sections discuss the Scope
of the standard, Nor mative References, and Definitions, in that order.

Section 4 isinformative. The intent is to describe the context of the modelsin Section 5 and Section 6.
It defines the criteria used to determine the scope of the manufacturing control system domain.  This
section, being informetive, does not contain the forma definitions of the modds and terminologies. It
describes the context to understand the normative sections.

Section 5 is normative.  The intent is to describe hierarchy modds of the activities involved in
manufacturing control enterprises. It defines in generd terms the activities that are associated with
manufacturing control and the activities that occur a the business logidics leve. 1t dso defines an
equipment hierarchy modd of equipment associated with manufacturing control. This section, being
normative, contains forma definitions of the modds and terminology.

Section 6 is normative. The intent is to describe a generdl modd of the functions within an enterprise,
which are concerned with the integration of business and control. It definesin detail, an abstract model
of control functions, and in less detail, the business functions that interface to control. The purposeisto
edablish a common terminology for functions involved in information exchange. This section, being
normeative, contains formal definitions of the models and terminology.

Section 7 is normative. The intent isto define in detail the objects that make up the information streams
defined in Section 6. The purpose is to establish a common terminology for the eements of information
exchanged. This section, being normative, contains formd definitions of the modds and terminology.
The attributes and properties are not formally defined in this clause of the standard.

Annex A isabibliography of informative references and alist of the abbreviations used in the document.

Annex B is informative. The intent is to define the business reasons for the information exchange
between business and control functions. The purpose is to establish a common terminology for the
reason for information exchange.

Annex Cisinformative. It discussesthe rationd for multiple modds.
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Annex D is informative. It contains selected eements from the Purdue Reference Mode that can be
used to place the functions described in Sections 5 and 6 in context with the entire model.

Annex E isinformative. It correlates the Purdue Reference Mode to the MESA International modd.
This standard (Part 1, Modds and Terminology) is intended for people who are
%  involved in designing, building, or operating manufacturing fecilities;

¥ respongble for specifying interfaces between manufacturing and process control systems and
other systems of the business enterprise; or

¥ involved in designing, cregting, marketing, and integrating automation products used to interface
manufacturing operations and business systems.

Future parts of this standard may address models of level 3 functions, definitions of level 2-3 interfaces,
and data Structures for information exchange including the attributes and properties of the data mode in
Section 7.
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INTRODUCTION

This clause of the sandard provides standard modds and terminology for defining the interfaces
between an enterprise’s business sysems and its manufacturing control systems. The models and
terminology defined in this standard

% emphasize good integration practices of control systems with enterprise systems during the
entire life cycle of the systems;

¥, can be used to improve exiding integration capability of manufacturing control systems with
enterprise systems, and

%  can be applied regardless of the degree of automation.

Specificaly, this standard provides a standard terminology and a consistent set of concepts and models
for integrating control systems with enterprise systems that will improve communications between dl
parties involved. Some of the benefits produced will:

¥ reduce the user'stime to reach full production levels for new products,

¥,  enable vendors to supply appropriate tools for implementing integration of control systems to
enterprise systems,

¥, enable usersto better identify their needs,
¥ reduce the cogt of automating manufacturing processes,
¥, optimize supply chains, and
¥  reduce life-cycle engineering efforts.
It isnot the intent of this standard to

¥, suggest that there is only one way of implementing integration of control systems to enterprise
systems,

¥, force usersto abandon their current way of handling integration; or
¥, redtrict development in the area of integration of control systems to enterprise systems.

This clause of the standard defines the interface content between manufacturing control functions and
other enterprise functions, based upon the Purdue Reference Modd for CIM (hierarchical form) as
published by ISA.
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ENTERPRISE/CONTROL SYSTEM INTEGRATION

Part 1: Modelsand Terminology

1. Scope

This clause of the standard defines the interface content between manufacturing control functions and
other enterprise functions. The interfaces consdered are the interfaces between levels 3 and 4 of the
hierarchical modd defined by this standard. The god is to reduce the risk, cost, and errors associated
with implementing these interfaces.

The standard may be used to reduce the effort associated with implementing new product offerings. The
god isto have enterprise systems and control systems that inter-operate and easily integrate.

The scope of Part 1 islimited to:
¥, adefinition of the scope of the manufacturing operations & control domain,
¥, adefinition of the organization of physica assets of an enterprise involved in manufacturing, and

% a ddfinition of the functions associated with the interface between control functions and
enterprise functions,

¥ a definition of the information which is shared between control functions and enterprise
functions.

2. Normative references

The following normetive documents contain provisons, which through reference in this text, conditute
provisons of this clause of this standard. At the time of publication, the editions indicated were vdid. All
normative documents are subject to revison, and parties to agreements based on this clause of this
dandard are encouraged to investigate the possbility of applying the most recent editions of the
normétive documents indicated below. Members of IEC and 1SO maintain registers of currently vaid
normative documents.

|EC 61512-01:1997, Batch Control — Part 1: Models and Terminology
ISA S88.01-1995, Batch Control — Part 1. Models and Terminology
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3. Definitions

For the purposes of this clause of this standard, the following definitions apply.

31

3.2

3.3

34

35

3.6

3.7

3.8

39

Area - A physca, geographicd, or logicd grouping determined by the dte. It may contan
process cdls, production units, and production lines.

Available capability — The portion of the production capability that can be attained but is not
committed to current or future production.

Bill of lading - A contract or receipt for goods that a carrier agrees to transport from one place
to another and to ddliver to a designated person or that it assigns for compensation upon the
conditions stated therein.

Bill of material - A liging of al the subassemblies, parts, and/or materids that are used in the
production of aproduct®. It includes the quantity of each materia required to make a product.

Bill of resources— A ligting of al resources and when in the production process they are needed
to produce a product?. Also a listing of the key resources required to manufacture a product,
organized as segments of production. It is often used to predict the impact of activity changes in
the master production schedule on the supply of resources.

Certificate of analysis— A certification of conformance to quality standards or specifications for
products or materids. May include alist or reference of analyss results and process informetion.
Often required for custody transfer of materias.

Committed capability — The portion of the production capability that is currently in use or is
scheduled for use.

Consumables - Resources that are not normdly included in hbills of maerids or are not
individualy accounted for in specific production requests.

Control domain — In this standard, Control Domain is synonymous to the Manufacturing
Operations & Control Domain.

3.10 Enterprise- Any underteking, venture, initiative, or business organization with a defined misson.

3.11 Equipment class - A means to describe a grouping of equipment with smilar characteristics for

purposes of scheduling and planning.

3.12 Finished goods - Find materias on which dl processing and production is completed. Finished

goods may no longer be under the manufacturing operations & control domain.

3.13 Finished good waivers - Approvasfor deviation from normal product specifications.

1 Adapted from Cox 111, James F., Blackstone Jr, John H., APICS Dictionary Ninth Edition, APICS
- The Educational Society for Resource Management, Alexandria, VA. 1SBN 1-55822-162-X, 1998.

2 ibid
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3.14

3.15

3.16

3.17

3.18
3.19

3.20

321

3.22

3.23

3.24

3.25

3.26
3.27

In-process waiver requests - Requests for waivers on norma production procedures due to
deviations in materids, equipment, or quaity metrics, where norma product specifications are
maintained.

Manufacturing operations & control Domain — MO&C Domain, this domain includes dl the

activitiesin Level 3 and information flows to and from Levels O, 1, and 2 across the boundary to
Levd 4.

Material class - A means to describe a grouping of materias with smilar characterigtics for
purposes of scheduling and planning.

Material lot - A uniquely identifiable amount of a materid. This describes the actud total
quantity or amount of materid available, its current sate, and its pecific property values.

Material definition — A definition of the properties and characteristics for a substance.

Material sublot - A uniquely identifiable subset of amaterid lot, containing quantity and location.
May beasgngleitem.

Personnel class - A means to describe a grouping of persons with smilar characterigtics for
purposes of scheduling and planning.

Production capability - @ The highest, sustainable output rate which could be achieved for a
given product mix, raw materids, worker effort, plant, and equipment. b) The collection of
personnel, equipment, materia, and process segment cagpabilities. ¢) The totd of the current
committed, available, and unattainable capability of the production facility. The cgpability includes
the capacity of the resource.

Production control - The collection of functions that manages dl production within a Ste or
area.

Production line - A series of pieces of equipment dedicated to the manufacture of a specific
number of products or familiest.

Production rules - The information used to instruct a manufacturing operation how to produce a
product.

Product segments - The shared information between a plan-of-resources and a production-rule
for a specific product. It isalogica grouping of personnd resources, equipment resources, and
materia specifications required to carry out the production step.

Resour ce — A resource is a collection of personnel, equipment, and/or material.

Unattainable capability — The portion of the production capability that can not be attained. This
is typicaly due to factors such as equipment unavailability, sub-optima scheduling, or resource
limitations.

1 Cox I, ibid.
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3.28 Work cell - Dissmilar machines grouped together to produce a family of parts having smilar
manufacturing requirements.
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4. Enterprise/control system integration overview

4.1 Introduction

Successfully addressing the issue of enterprise/control system integration requires identifying the
boundary between the enterprise and manufacturing operations & control domains. The boundary is
identified usng relevant models that represent functions, physica equipment, information within the
MO& C domain, and information flows between the domains.

Multiple models define the functions and integration associated with control and enterprise systems.

¥ Hierarchy models that describe the leves of functions and domains of control associated within
manufacturing organizations are defined in Section 5. These models are based on The Purdue
Reference Model for CIM, referenced as PRM1, on the MESA International Functiona
Model2, and the equipment hierarchy model from the IEC 61512-01 (1SA S88.01) standard.

¥% A ddaa flow modd that describes the functiond and data flows within manufacturing
organizations is defined in Section 6. This mode is dso based on The Purdue Reference
Model for CIM.

¥ An object model that describes the information that may cross the enterprise and control system
boundary is defined in Section 7.

Domain Functions Functions
Definitions in Domains of Interest
% N %{ ; 4{25
Information Categories of Information
Definitions Information Flows of Interest

Figure 1 - Outline of moddsin the sandard

1 Sdected dements of the Purdue Reference Modd for CIM areindluded in Annex D

2 MESA Internationa, MES Functionality and MRP to MES Data Flow Possibilities - White Paper
Number 2 (1994)
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This sandard provides modeds and information in multiple levels of detail and aodtraction. These levels
areillugrated in Figure 1, and the figure serves as a map to the rest of the document. Each modd and
diagram increases the leve of detail defined in the previous model.

The modds gat with a definition of the domain of control sysems and the domain of enterprise
sysems.  The domain definitions are contained in Section 5.

Functions within the domains are defined in Sections 5 and 6. Functions of interest that are rdevant to
the standard are dso0 given a detailed definition in Section 6. The Information Flows of Interest between
the relevant functions are defined in Section 6.2.

The Categories of Information are defined in Section 7.1. The forma object modd of the information of
interest is defined in Sections 7.3, 7.4, and 7.5.

4.2 Criteriafor incluson in manufacturing operations & control domain

The hierarchy and data flow models describe most of the functions within a manufacturing enterprise.
Only some of those functions are associated with manufacturing control and manufacturing control
systems. The fallowing list defines the criteria used to determine which functions, and which information
flows areincluded in this standard.

¥ Thefunction is critica to mantaining regulaiory compliance. This includes such factors as safety,
environmenta, and CGMP (Current Good Manufacturing Practices) compliance.

¥ Thefunctioniscriticd to plant rdidbility.

¥ The function impacts the operation phase of the facility’s life, as opposed to the design,
congtruction, and disposa phases of afacility’slife.

¥, Theinformation is needed by facility operatorsin order to perform their jobs.

The information that flows between functions identified as being within the control domain and those
outside the control domain defines the enterprise/control system boundary. Information exchanged
between functions within the control domain and information exchanged between functions outsde the
control domain are outside the scope of this document. Figure 2 illugtrates the enterprise/control system
interface, as depicted in the data flow mode, between control and non-control functions, the gray
circdesindicate functions which exchange information, and are described in the data flow model.
Functions depicted as white circles and data flows depicted as dashed lines are those defined as outside
the scope of this standard.
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Functions
Outside the

Control Domain
(e.g. Production Scheduling) \
\

Information Flows of interest

(e.g. Production Schedule and Production Results)

O Functions detailed

O Functions not detailed
/ Data flows detailed

" Data flows not detailed

/
4
/
-
4 Enterprise/Control System Boundary
LA
\) O 1
\ A 1
\\\ \ Functions
Qa4 Within the
Control Domain
(e.g. Equipment Monitoring)

Figure 2 — Enterprise/control system interface
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5. Hierarchy Modds

This section defines the hierarchy models associated with manufacturing control systems and other
business systems.

5.1 Scheduling and contral hierarchy

Figure 3 depicts the different levels of a functiond hierarchy modd: busness planning & logidtics,
manufacturing operations & control, and batch, continuous, or discrete control!. The mode defines
hierarchical levels at which decisons are made. The interface addressed in this standard is between
Leved 4 and Levd 3 of the hierarchy modd. This is generdly the interface between plant production
scheduling and operation management and plant floor coordination.

Level 4

Business Planning & Logistics
Plant Production Scheduling,
Operational Management, etc

5 Interface addressed
in Part 1 of this
Level 3 . standard
Manufacturing

Operations & Control
Dispatching Production, Detailed Production
cheduling, Reliability Assurance,

Levels
2,10

Batch Continuous Discrete
Control Control Control

Figure 3 — Functiond hierarchy

Leves 2, 1, and O define the cell or line supervision functions, operations functions, and process control
functions. There are severd different modes for the functions at these levels based on the actud
production strategy used.

1 The figure is a smplified verson of the Purdue Hierarchy Modd, as shown in Figures D-1, D-2, D-3,
and D-4 of Annex D.
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511

Level 4 activities

Thelevd 4 activities include:

Y

Y

Ya
Y
Ya

Y

£

Y

£

£

Y

Y

5.1.2

Collecting and maintaining rawv materid and spare parts usage and avalable inventory.
Providing data for purchasing of raw material and spare parts.

Collecting and maintaining overdl energy use and available inventory and providing data for
purchasing of energy source.

Collecting and maintaining overal goodsin process and production inventory files.
Collecting and maintaining qudity control files asthey relate to customer requirements.

Coallecting and maintaining mechinery and equipment use and life higtory files necessary for
preventive and predictive maintenance planning.

Collecting and maintaining manpower use data for transmittal to personnel and accounting.
Egtablishing the basic plant production schedule

Modifying the basc plant production schedule for orders received, based on resource
availability changes, energy sources avalable, power demand leves, and maintenance
requirements.

Devedoping optimum preventive maintenance and equipment renoveaion schedules in
coordination with the basic production schedule.

Determining the optimum inventory levels of raw materids, energy sources, spare parts, and of
goods in process a each storage point.  These functions aso include materia requirements
planning (MRP) and spare parts procurement.

Modifying the basic production schedule as necessary whenever mgor production interruptions
occur.

Capacity planning, based on dl of the above activities

Level 3 activities

Levd 3 activitiesinclude

£
Ya

Y

Y

Reporting on area production including variable manufacturing codts.

Collecting and maintaining area data on production, inventory, manpower, rav materids, spare
parts and energy usage.

Performing data collection and off-line analys's as required by engineering functions. This may
include gatigtica qudity andysis and related control functions.

Carrying out needed personnd functions such as. work period dtatistics (time, task, etc.),

vacation schedule, work force schedules, union line of progresson, and in-house training and
personnd qudification
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¥, Egablishing the immediate detailed production schedule for its own area including maintenance,
trangportation and other production-related needs.

¥, Locdly optimizing the costs for its individua production area while carrying out the production
schedule established by the level 4 functions.

¥ Modifying production schedules to compensate for plant production interruptions that may
occur inits area of respongbility.

Additiona descriptions of the activities contained within Level 3 are provided below. The standard
assumes dl activities not explicitly defined as part of the Level 3, control domain, to be part of the
enterprise domain. See Annex E for a corrdation of the activities to the MESA International modd!.

5.1.2.1 Resource dlocation and control

The control domain includes the functiondity of managing resources directly associated with control and
manufacturing. The resources include machines, toals, labor skills, materids, other equipment,
documents, and other entities that must be available for work to start and to be completed. The
management of these resources may include local resource reservation to meet production scheduling
objectives.

The control domain aso insures that equipment is properly set up for processing, including any
alocation needed for setup. The control domain dso is responsible for providing red time statuses of
the resources and a detailed history of resource use.

5.1.2.2 Disgpatching production

The control domain includes the functionality of managing the flow of production in the form of jobs,
orders, batches, lots, and work orders, by dispatching production to specific equipment and personnel.
Dispatch information istypicaly presented in the sequence in which the work needs to be done and may
changein red time as events occur on the factory floor.

The control domain may dter the prescribed schedules, within agreed upon limits, based on loca
availability and current conditions. Digpatching of production includes the ability to control the amount
of work in process at any point through buffer management and management of rework and salvage
processes.

5.1.2.3 Datacollection and acquisition

The control domain includes the functiondity of obtaining the operationd production and parametric
datathat is associated with the production equipment and production processes.

The control domain aso is responsible for providing real time statuses of the production equipment and
production processes and a history of production and parametric data.

5124 Qudity management

The control domain includes the functiondity of providing redl time measurements collected from
manufacturing and analysisin order to assure proper product quaity control and to identify problems
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requiring attention. It may recommend actions to correct the problem, including correlating the
symptoms, actions and results to determine the cause.

It includes SPC/SQC tracking and management of off-line ingpection operations and andyssin
|aboratory information management sysem (LIMS).

5.1.2.5 Process management

The control domain includes the functionality of monitoring production and either automaticaly corrects
or provides decision support to operators for correcting and improving in-process functions. These
functions may be intra-operationd and focus specificaly on machines or equipment being monitored and
controlled as well asinter-operationa, tracking the process from one operation to the next.

It may include arm management to make sure factory person(s) are aware of process changes which
are outside acceptabl e tolerances.

5.1.2.6 Production planning and tracking

The control domain includes the functiondity of providing the status of production and the digposition of
work. Statusinformation may include personnd assigned to the work; component materias used in
production, current production conditions, and any aarms, rework, or other exceptions related to the
product. The functiondlity includes the cgpability of recording the production information to alow
forward and backward tracesbility of components and their use within each end product.

5.1.2.7 Peformance andyss

The control domain includes the functiondity of providing up-to-the-minute reporting of actud
manufacturing operations results dong with comparisons to past history and expected results.
Performance results include such measurements as resource utilization, resource availability, product unit
cycle time, conformance to schedule, and performance to andards. Performance analysis may include
SPC/SQC analyss and may draw from information gathered by different control functions that measure
operating parameters.

5.1.2.8 Operations and detailed scheduling

The control domain includes the functiondity of providing sequencing based on priorities, atributes,
characterigtics, and production rules associated with specific production equipment and specific product
characterigtics, such as shape, color sequencing or other characteristics which, when scheduled in
Sequence properly, minimize set-up. It isfinite and it recognizes dternative and overlapping/pardld
operations in order to caculate in detail exact time of equipment loading and adjustment to shift
patterns.

5.1.29 Document control

The control domain includes some of the functiondity of controlling records and forms that must be
maintained with the production unit. The records and forms include work instructions, recipes, drawings,
standard operation procedures, part programs, batch records, engineering change notices, shift-to-shift
communication, aswel asthe ability to edit "as planned” and "as built" information. It sendsingructions
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down to the operations, including providing data to operators or recipes to device controls. It would
aso include the control and integrity of regulatory, environmenta, hedlth and safety regulations, and
SOP information such as Corrective Action procedures.

5.1.2.10 Labor management

The control domain includes some of the functiondity of providing status of personnd in an up-to-the
minute time frame. The functions include time and attendance reporting, certification tracking, as well as
the ability to track indirect functions such as materiad preparation or tool room work as a bass for
activity based cogting. It may interact with resource dlocation to determine optima assgnments.

5.1.2.11 Maintenance management

The control domain incdludes some of the functiondity of maintaining equipment and tools. The functions
insure the equipment and tools availability for manufacturing. They dso may include scheduling for
periodic or preventive maintenance as well as the responding to immediate problems. Maintenance
management maintains a history of past events or problemsto aid in diagnosing problems.

5.2 Equipment hierarchy modée

The physcal assts of an enterprise involved in manufacturing are usudly organized in a hierarchica
fashion as described in Figure 4. This is an expansion of the mode described in IEC 61512-01 and
ISA S88.01, and it includes the definition of assets for discrete and continuous manufacturing.  Lower
level groupings are combined to form higher levels in the hierarchy. In some cases, a grouping within
one level may be incorporated into another grouping at that same leve.

This modd defines the areas of responghility for the different function levels defined in the hierarchica
model. The equipment hierarchy moded additionaly defines some of the objects utilized in information
exchange between functions.
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ENTERPRISE
g @ contain 1 or more Level 4 activities
SITE typically deal with
these objects
May contain 1 or more _’_’/
AREA 3\
lMay contain 1 or more May contain 1 or more lMay contain 1 or more
Level 3 activities
PRODUCTION PRODUCTION A "
Lowest Levels of PROCESS CELL UNIT LINE >‘ typically deal with
Equipment Typically these objects
Scheduled by l Must contain 1 or more l May contain 1 or more
Levels 3 or 4
UNIT WORK CELL
N~ _
\ N J X J
Y Y Y
Lower level Lower level Lower level
equipment used equipment used equipment used
in batch in continuous in repetitive or
operations. operations. discrete operations.

Figure 4 - Equipment hierarchy

521 Enterprise

An enterprise is a collection of one or more sites and may contain Sites and areas. The enterprise is
reponsble for determining what products will be manufactured, & which dtes they will be
manufactured, and in genera how they will be manufactured.

Levd 4 functions are generaly deding at the enterprise and ste levels. However, enterprise planning
and scheduling may involve aress, cdls, lines, or unitswithin an area.

522 Site

A dteis a physicd, geographical, or logicd grouping determined by the enterprise. It may contain
aress, production lines, process cells, and production units. The Leve 4 functions a a Site are involved
in local ste management and optimization. Site planning and scheduling may involve cdls, lines, or units
within the aress.

Their geographica location and their main production capability usudly identify Stes. Examples of dte
identifications are ‘Dadlas Expressway Plant’ dSte, ‘Deer Park Olefins Plant’, and “Johnson City
Manufacturing Fecility”. Sites are often used for rough cut planning and scheduling.  Sites generdly
have wdl defined manufacturing capabilities.

| SA-dS95.01- 1999, Draft 14 26 Copyright © 1999 ISA



5.2.3 Area

An areais a physical, geographica, or logica grouping determined by the Site. It may contain process
cdls, production units, and production lines. Most Level 3 functions occur within the area. The main
production capability and geographica location within a Ste usudly identify arees. Examples of area
identifications are “CMOS Facility”, “North End Tank Farm”, and “Building 2 Electronic Assembly”.

Aress generdly have wdl defined manufacturing capabilities and capacities. The cgpabilities and
capacities are used for Level 3 and Leve 4 planning and scheduling.

An area is made up of lower leve dements that perform the manufacturing functions. There are three
types of dements defined that correspond to continuous manufacturing models, discrete (repetitive and
non-repetitive) manufacturing models, and batch manufacturing models. An area may have one or more
of any of the lower level dements depending upon the manufacturing requirements. Many areas will
have a combination of production lines for the discrete operations, production units for the continuous
processes, and process cells for batch processes. For example a beverage manufacturer may have an
area with continuous mixing in a production unit, which feeds a batch process cdll for batch processing,
feeding a bottling line for discrete bottling process.

Depending on the planning and scheduling strategy sdlected the Level 4 functions may stop a the area
leve, or they may schedule the functions of the lower level dements within the areas.

5.2.4 Production unit

Production units are the lowest level of equipment typicaly scheduled by the leve 4 or level 3 functions
for continuous manufacturing processes. Production units are composed of lower level ements, such
as equipment modules, sensors, and actuators, but definitions of these are outsde the scope of this
standard.

The mgor processing activity or product generated often identifies the production unit. Examples of
production unit identifications are “Cataytic Cracker #1”, “East Acid Reactor”, and “Didillation
Column #15".

Production units have well defined processing capabilities and throughput capacities and these are used
for level 3 functions. The capacities and capabiilities are dso often used as input to level 4 scheduling,
even if the production units are not scheduled by the leve 4 functions.

5.25 Production lineand work cdl

Production lines and work cells are the lowest levels of equipment typically scheduled by the leve 4 or
level 3 functions for discrete manufacturing processes. Work cdlls are usualy only identified when there
is flexibility in the routing of work within a production line. Production lines and work cdls may be
composed of lower level dements, but definitions of these are outside the scope of this document.

The mgor processng activity often identifies the production line. Examples of production line
identifications are “Bottling Line #1”, “Capping Line #15’, CMOS Line #2’, and “Waer Pump
Asembly Line#4”.
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Production line and work cdlls have wel defined manufacturing capabilities and throughput capecities
and these are used for level 3 functions. The capacities and capabilities are dso often used as input to
level 4 scheduling, even if the production lines and work cdlls are not scheduled by the level 4 functions.

5.26 Processcel and unit

Process cdlls and units are the lowest level of equipment typicaly scheduled by the level 4 and leve 3
functions for batch manufacturing processes. Units are usualy only identified a level 3 and 4 if thereis
flexibility in the routing of product within a process cell. The definitions for process cdls and units are
contained in the IEC 61512 and I SA S88.01 standard.

The mgor processng capability or family of products produced often identifies the process cell.
Examples of process cdl identifications are “Mixing Line #5”, “West Side Glue ling’, and “ Detergent
Line13".

Process cdls and units have wel defined manufacturing capabilities and batch capacities and these are

used for level 3 functions. The capacities and capabilities may aso be used as input data for leve 4
scheduling, even if the process cdlls or units are not scheduled by the level 4 functions.
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6. Functional data flow modd

This section presents:
¥ The functions of an enterprise involved with manufacturing.
¥ Theinformation flows between the functions that cross the enterprise/control interface.

The enterprise/control interface is described usng a data flow model. The modd is defined using the
Y ourdon-Demarco! notationa methodology.

Table 1 defines the Y ourdon notation used in the functiond modd.

Symbol Definition
A function is represented as a labeled dlipse. A function is a group of tasks
Function that can be classified as having a common objective. Functions are organized
(4.0) in a hierarchicd manner and are identified with a name and a number. The

number represents an identification of the datamodd hierarchy leve.

An externa entity is represented as a labeled rectangle. An externa entity isa
component outside the mode boundaries that sends data to and/or receives
data from the functions.

External
Entity

A solid line with an arrow represents a grouping of data that flows between
functions, data dores, or extend entities, which is defined in the
enterprise/control integration modd. All solid lines have a name for the data
flows.

Daaflows at one levd of the functiond hierarchy may be represented by one
or more flows a the lower level of the hierarchy.

Data Flow Name
>

A dashed line with an arrow represents a grouping of data that flows between
_________________ » functions, data stores, or externa entities, which is not pertinent to the
enterprise/control integration modd, but is shown to illustrate the context of
functions. Dashed line data flows without names are not identified in this
modd, but are defined in Annex D.

Table 1- Y ourdon notation used

The functiond mode is depicted in Figure 5. The dotted line ( ) illugtrates the boundary of
the enterprise/control interface.  The line is equivdent to the Level 3 - Levd 4 interface defined in
Section 5.1. The manufacturing control Sde of the interface includes most of the functions in Production
Control and some of the activities in the other mgor functions. The labeled lines indicate information

1 STRUCTURED ANALY SISAND SYSTEM SPECIFICATION by DeMarco, © 1978. Used with
permission of Prentice-Hdll, Inc., Upper Saddle River, NJ.
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flows of importance to manufacturing control. The heavy dotted line intersects functions that have sub-
functions that may fdl into the control domain, or fdl into the enterprise domain depending on
organizationd policies.

The modd gructure does not reflect an organizationa structure within a company, but an organizationd
dructure of functions. Different companies will place the functions in different organizationa groups.

The following subsections in this section list and describe each of the functions contained in the modd,
and list and describe the information that flows between the functions.

Order

P "g Z\\) . Processing

- Wy S

\“°°“:<\e“3“‘e o . Product Cost \____.__ Product
A@g},_,_, 4\%&& Accounting g _____] Shipping Admin

(9.0)

Finished Goods Inventory

Production
Scheduling

Pack Out Schedule

Confirm to ship
Release to ship

4_

Product
Inventory Control

Production
( Control

Material and Energy
Inventory

Quality
Assurance

Procurement
(5.0)

MoeqgpasH

Maintenan
sasuodsay aouUBUUIRIN

Maintenance Standards

Maintenance
Management
(10.0)

Marketing
& Sales

Research
Development
and Engineering

Figure 5 - Functional enterprise/control mode!

6.1 Functions

6.1.1 Order processing (1.0)

The generd functions of order processing include:
¥, Customer order handling, acceptance and confirmation
¥, Sdesforecasting

¥, Walver and reservation handling
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¥, Gross margin reporting

¥, Determining production orders
There is generdly no direct interface between the functions of order processing and the manufacturing
control functions.
6.1.2 Production scheduling (2.0)

Production scheduling functions interface to the manufacturing control system functions through a
production schedule, actual production information, and production capability information. This
information exchange is defined in the Production Contral functions.

Detalled scheduling, within an areg, is defined as a control function.
The generd functions of production scheduling include:
%, Determine production schedule
¥, ldentify long term raw materia requirements
¥, Determine pack-out schedule for end products
¥, Determine available product for sales
The information generated or modified by the production scheduling functions includes:
¥ The production schedule
¥ The actua production versus the planned production
% The production capacity and resource availability
¥, Current order status

6.1.3 Production controal (3.0)

The production control functions encompass most of the functions associated with manufacturing
control. The functions of production control include:

¥, Control of transformation of raw materids into end product in accordance with production
schedule and production standards

¥ Plant engineering and updating of process plans, etc.

¥, |ssue requirements for raw materias

% Produce reports of performance and costs

¥, Evauae condraints to capacity and quality

¥, Sdf test and diagnostics of production and control equipment

¥ Creation of production standards and instructions for SOPs (Standard Operating Procedures),
recipes, and equipment handling for pecific processing equipment.
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The main functions in Production Control include Process Support Engineering, Operations Control,
and Operations Planning.

6.1.3.1 Process support engineering

The functions of process support engineering include:

Ya
Y
Ya
Y
Ya
£

Issuing requests for modification or maintenance.

Coordinating maintenance and engineering functions.

Providing technica standards and methods to operations and maintenance function.
Following up on equipment and process performance.

Providing technical support to operators.

Following up on technologica developments.

The functions of process support engineering generate or modify the following information for use in
other control functions.

Y4
£
Y4

Y4
£
Ya
£

£

Minor equipment and process modifications, this may include new design drawings.
Instructions on how to handle equipment, this may include standard operating procedures.

Instructions on how to make products, this includes production rules and the stlandard materias,
equipment, and other resources used.

Material Safety Data Sheets (MSDS).
Ingtructions on how to ingtal equipment, this may include vendor equipment.
Environmental and safety operating limits and condraints.

Engineering standards for process equipment design techniques and process operationa
methods, and on-line operating ingructions.

Ingtructions for plant trials or plant tests.

6.1.3.2 Operations control

Operations contral is the collection of functions that manages al production within aste or area.

The functions of production control include:

¥
Ya
¥

¥
Ya
¥

Producing the product according to schedule and specifications.
Reporting production, process, and resource information.

Monitoring equipment, vaidating operationd measurements, and determining the need for
maintenance.

Prepare equipment for maintenance and return it to service after maintenance.
Perform diagnostics and salf-check of production and control equipment.
Bdancing and optimizing production within the Ste or area
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Y

May include locd ste or arealabor management and document management.

The functions of production control generate or modify the following information for use in other control
functions:

Y
Ya

Ya
Y
Ya
Y
Ya
£
Y4
£

Status of production requests

Sdlected production data, such as data to calculate production cost, and production
performance

Selected process data, such as equipment performance feedback
Status of resources

Status of maintenance work order requests

Reguests for maintenance

Diagnogtic and sdif test results

Process history

Requests for process support engineering support

Request for andysis of materia

6.1.3.3 Operations planning

The functions of operations planning include:

Y4
£
Ya
£
Ya

Setting up a short term production plan based on the production schedule.

Checking the schedule againgt raw materia availability and product storage capacity.
Checking the schedule againgt equipment and personnd availahility.

Determining the percent of capacity datus.

Modifying the production plan hourly to account for equipment outage, manpower and raw
maerids avalability.

The functions of operations planning generate or modify the following information for use in other control
functions.

Ya
£
Ya
£

6.1.4

Materid and energy inventory report

Materia and energy requirements required to meet the production plan
Site or area production plan for operations control

Available capability of the production resources

Material and energy control (4.0)

The functions of materids and energy control include:

Y

Manages inventory, transfers, and quality of materia and energy.
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¥, Generding requests for purchasing of materids and energy based on short and long term
requirements.

¥, Cdculate and report inventory balance and losses of raw materid and energy utilization.
¥ Receliveincoming materia and energy supplies and request quaity assurance tests,
¥ Notifying purchasing of accepted materid and energy supplies.

The functions of materiads and energy control generate or modify the following information for use in
other control functions:

¥, Materiad and energy order requests

% Incoming confirmetion of recelved materids and energy

¥, Materid and energy inventory report

¥ Manud and automated transfer ingtructions for operations control

Some of the functions within materid and energy control may be insde the control domain, based on
local organizational structures. Therefore selected data flows into and out of materid and energy control
are defined because they may cross the enterprise/control system boundary.

6.1.5 Procurement (5.0)

The functions of procuring resourcesinclude:

¥ Pacing orders with suppliers for raw materias, supplies, spare parts, tools, equipment and other
required materias

%, Monitoring progress of purchases and report to requistioners
¥ Reeasng incoming invoices for payment after arrival and approva of goods

% The collection and processing of unit requests for raw materias, spare parts, etc., for order
placement to vendors

The functions of procurement generate or modify the following information for use in other control
functions:

¥, Expected materid and energy delivery schedules

6.1.6 Quality assurance (6.0)

The functions of quality assurance include:
¥, Teding and classfication of materids.
¥, Setting sandard for materia qudity

¥ Isuing standards to manufacturing and testing laboratories in accordance with requirements
from technology, marketing and customer services.

¥, Collecting and maintaining meteria qudity data
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¥ Release materid for further use (deivery or further processing).
¥, Certify that product was produced according to standard process conditions.

¥ Checking of product data versus customer's requirements and statistical quality control routines
to assure adequate quality before shipment.

¥ Relay materid deviations to process engineering for reevaluation to upgrade processes.

The functions of quality assurance generate or modify the following information for use in other control
functions:

¥, Qudity assurance test results

¥, Approva to release materids, or waivers on compliance

¥, Applicable standards and customer requirements for materia qudity
Some of the functions within quality assurance may be insde the control domain, based on locd
organizationa structures, e.g., Qudity Assurance Requests. Therefore sdected data flows into and out
of quality assurance are defined because they may cross the enterprise/control system boundary.
6.1.7 Product inventory control (7.0)
The functions of product inventory control include:

¥ Managing inventory of finished products

¥, Making reservation for specific product in accordance with product sdlling directives

¥ Pack-out end product in accordance with ddlivery schedule

¥ Reporting on inventory to production scheduling

¥ Reporting on balance and losses to product cost accounting

% Arranging physca loading/shipment of goods in coordingtion with product shipping
adminigration

The functions of product inventory control generate or modify the following information for use in other
contral functions.

% Finished goods inventory
¥ Inventory baances

¥, Pack Out Schedule

¥ Releaseto ship

¥ Confirm to ship

¥ Requirements

Some of the functions within product inventory control may be insde the control domain, based on loca
organizationa dructures. Therefore selected data flows into and out of product inventory control are
defined because they may cross the enterprise/control system boundary.
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6.1.8

Product cost accounting (8.0)

The functions of cost accounting include:

Ya
Y
Ya
Y
Ya
Y

Calculate and report on total product cost

Report cost results to production for adjustment

Setting cost objectives for production

Collection of raw materid, |abor, energy and other costs for transmission to accounting.
Calculate and report on tota production cost, report cost results to production for adjustment
Setting cost objectives for materias and energy supply and distribution

The functions of cost accounting generate or modify the following information for use in other control
functions.

Ya
£
Y4

6.1.9

Cost objectives to production
Performance and costs from production

Parts and energy incoming to accounting from materid and energy control

Product shipping administration (9.0)

The functions of product shipping adminigration include:

£
Y4
£
Ya
£
Ya

6.1.10

Organizing trangport for product shipment in accordance with accepted orders requirements
Negotiating and place orders with transport companies

Accepting freight items on Site and release materid for shipment

Preparing accompanying documents for shipment (BOL, customs clearance)

Confirming shipment and release for invoicing to generd accounting

Reporting on shipping costs to product cost accounting

Maintenance management (10.0)

The functions of maintenance management include

¥
Ya
¥

¥
Ya
¥

Providing maintenance for exiging ingdlations.
Providing preventative maintenance program.

Providing equipment monitoring to anticipate failure including sdf-check and diagnostic
programs.

Placing purchase order request for materials and spare parts.
Devel oping maintenance cost reports, and coordinating outside contract work effort.

Providing status and technical feedback on performance and reliability to process support
enginesring.
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The functions of maintenance management generate or modify the following information for use in other
contral functions.

¥, Maintenance schedules that specify the plan for future work orders.

¥ Maintenance work orders that specify specific equipment to be taken out of service and
avalable for maintenance functions,

¥, Diagnostic and self test requests to be performed on the equipment.
Some of the functions within maintenance management may be insde the control domain, based on loca
organizationd sructures. Therefore sdected data flows into and out of maintenance management are
defined because they may cross the enterprise/control system boundary.
6.1.11 Research, development, and engineering
The generd functions of Research, Development and Engineering include:

¥, Development of new products

¥ Definition of process requirements

¥, Definition of product requirements, as relates to the production of the products

6.1.12 Marketing and sales
The genera functions of Marketing and Sales include:
¥, Generating sdesplans
¥, Generating marketing plans
¥, Determination of customer requirements for products
¥, Determination of requirements and standards for products
¥ Interaction with customers

6.2 Information flows

The information flows between the functions that are labeled in Figure 5 are listed below. The
information in the informeation flows is defined in Section 7.

6.2.1 Schedule

The schedule information flows from the Production Scheduling (2.0) functions to the Production
Control (3.0) functions.

This contains the information, to production, on what product is to be made, and how much is to be
made, and when it isto be made. Elements of the schedule information are defined in Sections 7.5.1 and
7.5.2, and are shown in Figure 22.
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6.2.2 Production from plan

The production-from-plan informeation flows from the Production Control (3.0) functions to the
Production Scheduling (2.0) functions.

This contains information about the current and completed production results from execution of the plan.
It contains what was made, how much was made, how it was made, and when it was made. Elements
of the production-from-plan information are defined in Sections 7.5.3 and 7.5.4, and shown in Figure
23.

6.2.3 Production capability

The production capability information flows from the Production Control (3.0) functions to the
Production Scheduling (2.0) functions.

Production capability information defines the current committed, available, and unattainable capability of
the production facility. This includes materids, equipment, labor, and energy. Elements of the
production capability information are defined in Section 7.1.1 and shown in Figure 15.

6.24 Material and energy order requirements

The material and energy order requirement information flows from the Materia and Energy Control
(4.0) functions to the Procurement (5.0) functions.

Material and energy requirements define future requirements for materials and energy required to
meet short term and long term requirements based on the current availability.

There are no object models for the Materid and Energy Order Requirements but they must use the
definitions relating to materia and energy detailed in the Section 7 Object Modd.
6.2.5 Incoming order confirmation

The incoming order confirmation information flows from the Materid and Energy Control (4.0)
functions to the Procurement (5.0) functions.

Incoming order confirmations are the notification that the material or energy has been received.

This information is not detailed in the Section 7 Object Modd because it does not cross the interface
between the enterprise and control domains.

6.2.6 Longterm material and energy requirements

The long term material and energy requirements information flows from the Production Scheduling
(2.0) functions to the Materid and Energy Control (4.0) functions.

The long term material and energy requirements are time sequenced definitions of materid and
energy resources that will be needed for planned production.

There are no object models for the Long Term Materid and Energy Requirements but they must use the
definitions relating to material and energy detailed in the Section 7 Object Modd.
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6.2.7 Short term material and energy requirements

The short term material and energy requirements information flows from the Production Control
(3.0) functions to the Materid and Energy Control (4.0) functions.

The short term material and energy requirements are requirements for resources that are needed for
currently scheduled or executing production. This may include:

¥ Requedtsfor materids that may include deadlines.

¥, Resarvations for materials.

¥ Indications of actua consumption.

¥, Release of reservations.

¥ Adjustments to consumption.
Material is represented in Figure 19 in Section 7.3.4 and the material and energy requirements are
represented in Figure 22 in Section 7.5.2.
6.2.8 Material and energy inventory

The material and energy inventory information flows from the Materia and Energy Contral (4.0)
functions to the Production Control (3.0) functions.

The material and energy inventory information flows are the currently available materid and energy
that can be used for short term planning and for production. This information dedls with raw materids.
Material and energy inventory information is defined in Section 7.3.4.

6.2.9 Production cost objectives

The production cost objectives information flows from the Product Cost Accounting (8.0) functions to
the Production Control (3.0) functions.

Production cost objectives are the production performance targets in terms of resources. This could
be related to a product or to a process. This may include materias, labor hours, energy, equipment
usage, or actud costs. Elements of the production cost objectives are defined in Sections 7.1.2 and 7.4
and show in Figure 21.

6.2.10 Production performance and costs

The production performance and costs information flows from the Production Control (3.0) functions
to the Product Cost Accounting (8.0) functions.

Production performance and costs are the actud use and results associated with specific production
activities. This includes materids, labor hours, energy, and equipment usage. Results may be identified
by products, by-products, co-products, and scrap.  This information would be in sufficient detail to
identify al costs by product, co-products, and scrap.
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6.2.11 Incoming Material and energy receipt

The material and energy receipt information flows from the Materid and Energy Control (4.0)
functions to the Product Cost Accounting (8.0) functions.

Incoming order confirmations are the natification that the materid or energy has been received and
additiond information needed for cost accounting. This may aso include the BOL (Bill of Lading),
MSDS (Materid Safety Data Sheet), and COA (Certificate of Andyss). This information is
coordinated with the Incoming Order Confirmation (Section 6.2.5) information flow.

This informetion is not detailed in the Section 6 Object Model because it generdly does not cross the
interface between the enterprise and control domains.

6.2.12 Quality assuranceresults

The quality assurance (QA) resultsinformation flows from the Quality Assurance (6.0) functions to the
Product Inventory Control (7.0) functions and the Production Control, Operations Control (3.2)
functions.

Quality assurance results are the results from QA tests performed on raw materiads, in-process
materials, or products. Quality assurance results may concern tests performed in the product or in-
process tests performed in a particular ssgment of production. Quality assurance results may indude
granting of in-process waivers.

A positive QA result may be required before product inventory management may ship a product. A
positive QA result may be required before production control transfers product to product inventory
control.

6.2.13 Standardsand customer requirements

The standards and customer requirements information flows from the Marketing and Sdes functions
to the Quaity Assurance (6.0) functions, and from Quaity Assurance to Production Control (3.0).

Sandards and customer requirements are the specific values for attributes of the product that satisfy
the customer needs. This may include specific processing specifications as well as materia properties.
This information may result in changes or additions to materid, equipment, and personnel properties and
associated tests (see Section 7.3).

6.2.14 Product and processrequirements

The product and process requirement information flows from the Research Development and
Engineering (RD& E) functions to the Qudity Assurance (6.0) functions.

The product and process requirements define how to make a product. This corresponds to General
or Site recipes in batch manufacturing, assembly ingructions and drawings in discrete manufacturing,
and process descriptions in continuous manufacturing. Information about specific equipment,
personnel, and materia requirements may be specified according to the modelsin Section 7.4.
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6.2.15 Finished goods waiver

Finished good waiver information flows from the Order Processng (1.0) functions to the Quality
Assurance (6.0) functions.

Finished good waivers are approvas for deviation from norma product specifications. Finished
good waivers may be negotiated customer deviations from specifications defined in the standards and
customer requirements (Section 6.2.13).

6.2.16 In-processwaiver request

In-process waiver request information flows from Production Control (3.0) to the Quaity Assurance
(6.0) functions.

In-Process waiver requests are requests for waivers on normal production procedures due to
devidions in maerids, equipment, or quaity metrics, where norma product Specifications are
maintained. The response to the request isin the quality assurance results

6.2.17 Finished goodsinventory

The finished goods inventory information flows from the Product Inventory Control (7.0) functions to
the Production Scheduling (2.0) functions.

The finished goods inventory is information on the current inventory of finished goods that is
maintained by product inventory control. This may include quantity, quality, and location information
which can be used for scheduling of new production, and as feedback on previoudy scheduled
production. Thisis the totd finished product avalable for digtribution or shipment. This informetion is
described in Section 7.3.4.

6.2.18 Processdata

The process data information flows from the Production Control (3.0) functions to the Product
Inventory Control (7.0) functions and the Quality Assurance (6.0) functions,

Process data is information about production processes, as related to specific products and production
requests and is described in Sections 7.5.3 and 7.5.4. Process data may be used by qudity assurance
as pat of the QA functions, and may be used by product inventory control where this information is
needed as part of the finished product deliverables.

6.2.19 Pack out schedule

The pack out schedul e information flows from the Production Scheduling (2.0) functions to the Product
Inventory Control (7.0) functions.

A pack out schedule is the consolidation of produced items of one or more SKUs (Stock Keeping
Unit) for delivery to customers, inventory, or others.
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6.2.20 Product and process know how

The product and process know how informaion flows from the Research Development and
Enginearing (RD& E) functions to the Production Control (3.0) functions.

Product and process know how includes standard operating procedures, recipes, critical safety limits,
and analytical methods. This may be generated in response to an operations requests or originated by
RD& E for new products and processes.

Elements of the product and process know how information are defined in Section 7.4 and in Figure
21.
6.2.21 Product and processinformation request

The product and process information request flows from the Production Control (3.0) functions to
the RD& E functions.

A product and process information request is a request for new or modified product definitions and
process definitions.
6.2.22 Maintenancerequests

The maintenance request information flows from the Production Control (3.0) functions to the
Maintenance (10.0) functions.

Maintenance requests are requests for a maintenance function. This may be a planned request or an
unplanned request due to an unplanned event, such as alightning strike on atransformer.
6.2.23 Maintenanceresponses

The maintenance response information flows from the Maintenance (10.0) functions to the Production
Control (3.0) functions.

Maintenance responses are the logged status or completion of routine, scheduled, or unplanned
maintenance.
6.2.24 Maintenance standards and methods

Maintenance standards and methods information flows from the Production Control (3.0) functionsto
the Maintenance (10.0) functions.

Maintenance standards and methods are accepted practices and procedures which maintenance must
follow in performing ther functions.
6.2.25 Maintenance technical feedback

Maintenance technical feedback information flows from the Maintenance (10.0) functions to the
Production Contral (3.0) functions.

Maintenance technical feedback is information about the performance and rdiability of production
equipment and may include reporting on performed maintenance. Reports on maintenance may include
scheduled, preventive, or predictive.
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6.2.26 Product and processtechnical feedback

Product and process technical feedback information flows from the Production Control (3.0)
functions to the RD& E functions.

Product and process technical feedback is information about the performance of production
equipment and product. Generdly results from performance tests and study requests to operations
control.

6.2.27 Maintenance Purchase Order Requirements

Maintenance Purchase Order Requirements information flows from the Maintenance Management
(10.0) functions to the Procurement (5.0) functions.

Maintenance Purchase Order Requirements is information about materias and supplies required to
perform maintenance tasks.
6.2.28 Production Order

Production Order information flows from Order Processing (1.0) functions to Production Scheduling
(2.0) functions.

Production Order isinformation about accepted customer orders that defines work for the plant.

6.229 Availability

Availability information flows from the Production Scheduling (2.0) functions to the Order Processing
(1.0) functions.

Availability isinformation about the plant's ability to fulfill the order.

6.2.30 Releaseto Ship

Release to Ship information flows from the Product Shipping Adminigtration (9.0) functions to the
Product Inventory Control (10.0) functions.

Release to Ship isinformation about the permisson to ship the product.

6.2.31 Confirm to Ship

Confirm to Ship information flows from the Product Inventory Control (7.0) functions to the Product
Shipping Adminigtretion (9.0).

Confirmto Ship isinformation about the actud shipment of product.
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7. Object Mode

Section 7.1 is an overview of the information contained in the object mode and provides a context for
the object models. It defines the generd categories of information in Sections 7.3, 7.4, and 7.5.
7.1 Categoriesof information
Most of the information described in the Section 6 modd falls into three main areas.
¥ Information required to produce a product
¥, Information about the capability to produce a product
¥ Information about actuad production of the product

Some information in each of these three areas must be shared between the manufacturing control
systems and the other business systems, as illudtrated in Figure 6. Venn diagrams are used to illustrate
the overlap of information. This standard is only concerned with the overlgpping information in the Venn
diagrams, and with defining amodd and common terminology for that information.

Business Planning

& Logistics Information

Plant Production Scheduling,
Operational Management. etc

Product .
Definh Pmd“‘%

Production

Capability ) | nformation

Information /| ! nf%rmattn on (What to
(What is ( ZI\:V 0 make and
available) MaKE a results)

roduct

Manufacturing Operations

& Control Information

Area Supervision, Production, Scheduling,
Reliability, Assurance, etc

Figure 6 - Aress of information exchange
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7.1.1 Production capability information

There are three main areas of information about the production capability that have significant overlap.
The three areas of information are production cgpability information, maintenance information, and
cgpability scheduling information. Figure 7 illudtrates the overlgpping information.

Production equipment status

Productio aintenance

Scheduled Production equipment availability

Preventive/Predictive Maintenance Information

Scheduling
Information

Production Capability
Figure 7 - Production capability information

7.1.1.1 Production capability information

For each dite, area, and dement within the area there is a definition of the production capability of the
personnel, equipment, and materias.

The production cgpability information includes the current state of whet is available as updated by the
production cgpability modd in Figure 15.

7.1.1.2 Maintenance information

For each Ste, area, and dement within the area there is a definition of the equipment as required for
maintenance. This includes maintenance records and other information thet is not part of the production
cgpability modd.

The maintenance information includes the current maintenance state of the equipment, as defined by
information in the production capability modd shown in Figure 15.
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7.1.1.3 Capability scheduling information

The cgpability scheduling information contains the process segments available for the product unit,
process cdll, or production line.

For each dite, area, and dement within the area there is a definition of the production capability of the
personnel, equipment, and materials needed for scheduling of production.
7.1.1.4 Production equipment status

Production equipment status is information shared between the equipment’s capecity and capability
mode and the maintenance model. This includes the definition of the equipment, the current status of
the equipment, and the usage history of the equipment.

7.1.1.5 Production capability

Production capability is defined as the information shared between the production capability modd and
the capacity scheduling moddl. This includes the definition of the capacity, and current satus of the
personnel, equipment, and materias.

7.1.1.6 Scheduled production equipment availability

The Scheduled Production Equipment Avallahility is a dynamic interaction of Production Capability
Information, Maintenance Information, and Capability Scheduling Information that alows forecasting of
scheduled production equipment availability.

7.1.1.7 Preventive/predictive maintenance information

The Preventive/Predictive Maintenance Information is the corrdation of equipment hedth and
mai ntenance requirements with Capability Scheduling Information as to align maintenance processes and
adjust the Cagpabiility Scheduling Information during the maintenance processes.

7.1.2 Product definition information

There are three main areas of information required for production of a specific product that have
sgnificant overlgp. The three areas are information for scheduling, materid information, and production
rules. Figure 8 illudtrates the overlgpping information.
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Production information on a specific product with
the detail required for actual production.

Product Segment

Product
Production

Rules "

Material

Material information on a specific product, including
information not related to production (e.g. shipping
materials)

Scheduling information on a specific product,
including information that is not related to production
(e.g. material order lead times)

Bill Of
Resources

Figure 8 - Production definition information

7.1.2.1 Product production rules

Product production rules are defined as the information used to ingtruct a manufacturing operation how
to produce a product. This may be called a Generd, Site or Magter recipe (IEC 61512 and ISA
S88.01 definition), standard operating procedure (SOP), standard operating conditions (SOC), routing,
or assembly steps based on the production strategy used.

7.1.2.2 Bill of materid

The bill of materid isalist of dl materias required to produce a product showing the quantity of each
required. These may be raw materids, intermediate materias, subassemblies, parts, and consumables.
This list does not contain the breakdown of where the materias are used or when they are needed, but
it may be organized in a hierarchicd manner that maps to some of the production steps. The hill of
material often includes materid that is not related to production of the product, such as shipping
materias or included documentation. The bill of materid isasubset of the bill of resources.

The manufacturing bill isthe subset of the bill of materid that is rdated to production.

7.1.2.3 Bill of resources

The bill of resourcesisthe list of al resources required to produce a product. Resources may include
materids, personnd, equipment, energy, and consumables. The hill of resources does not contain the
specific production steps, but it may be organized in a hierarchicad manner that maps to some of the
production steps.
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7.1.2.4 Product segment

Product segment is defined as the overlgp of information between product production rules and the bill
of resources. It describes a job or task consisting of one of more work eements, usualy done
essentidly inone location. A product segment is the most detailed process view for the business system
to control materid, labor, resource usage, cost, and quality in order to control the production.

Product segments may correspond to:
¥ |EC 61512-01 and I SA S88.01 process stages or process operations for batch manufacturing,
¥, unit operations for continuous manufacturing,
¥, assembly steps and assembly actions for discrete manufacturing,
¥, other types of identifiable time spans for other types of manufacturing.

Theexamplein Fgure 9 illudrates product segments in Gantt type chart with time on the horizontal axis
and each box corresponding to a different product segment.

Production routing is the overlgp of information between the product production rule information and bill
of resources information without the bill of materid information. It represents dl of the non-materid
aspects of production such as equipment, labor, and energy.  Production routings include an ordered
sequence of product segments.

Materid Routing is the overlap of information between the production rule information and the hill of
materid information. It represents both the production materid inputs and where they are used in
product segments.

Product segments
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Figure 9 - Example of product segments

7.1.25 Overlapping areas

Figure 8 illudtrates the overlap of information between different areas, but is not meant to represent the
amount or importance of the information. Different manufacturing and business drategies will have
different amounts of information shared between the different areas. Figure 10 illustrates the amount of
information in two examples. The left Sde of the figure shows an example where the manufacturing
systems maintain most of the information required for a product. The right Sde of the figure shows an
example where the business systems maintain most of the information.

Bill Of

|
|
|
|
|
|
|
| Resources
|
|
|
|
|
|

Figure 10 - Possble information overlaps

7.1.3 Production information

There are three main areas of information about actua production that have significant overlap. These
three areas are production information, inventory information, and the production scheduling
information. Fgure 11 shows the overlap between the areas of information
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Production history information about actual production of products

Production Material Information

Information on all inventoried material
and equipment.

Rroduction

Productig

Production schedule and performance

cheduling
Information

) Scheduling information on production
Production

Segment
Information

Figure 11 - Production information

7.1.3.1 Production higtory information

Production history information is al of the information recorded about production of a product. This
may be called by many names, such as the batch journa, product log, or traveler.

7.1.3.2 Production inventory information

Production inventory information isal of the information about inventoried materids, including the
current Satus of the materids. Typicdly dl consumed and produced materids are maintained in the
production inventory information, and sometimes intermediates are maintained if they are needed for
financid evauation. In some indudtries this may include energy information.

7.1.3.3 Production scheduling information

The scheduling model contains dl of the information about the execution of scheduled production runs.

7.1.3.4 Production segment information

The Production Segment Information is the part of the production history information that contains
information on the segments of production and is used for scheduling.

7.1.3.5 Production materid information

The Production Materia Information isthe part of the production history information that contains
information on materid that is used by inventory.
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7.1.3.6 Production schedule and performance

Production schedule and performance information is shared among production information, inventory
information, and scheduling information. This includes the definition of the raw materias consumed,
materids produced, and materias scrapped. It dso includes the definition of the how long segments of
production actudly took and how much materials was produced and consumed by specific segments of
production. This information is generdly used to track actua production againgt production requests
and as feedback to the scheduling cycle.

7.1.4 Process Segment

Given the previous definitions, a process segment is defined as the collection of capabilities needed for a
segment of production, independent of any particular product. This may include materid, energy,

personnd, or equipment capabilities. The capabilities may specify pecific capabilities or the class of
capability (such as class of equipment) needed for the process segment. Figure 12 illugtrates how
capabilities relate to process segments.

¥ A manud segment may define the class of maerids and dass of personne needed for
production.

¥ A semi-automated segment may define the class of materias, personndl, and equipment needed.

¥ A non-materid segment, such as an equipment setup segment, may define the class of
equipment and personnel used.

¥, An automated segment may only define the materia and equipment classes needed.

All material available for production

Manual process segments, such as repack

All available personnel capabilities

Personnel
Capability

RN

Equipment
Capability

Capabilit

Semi-automated process segments

Non-material segments, such as equipment setup

/

All available equipment capabilities

Automated
process
segments

Figure 12 - Process segment capabilities

| SA-dS95.01- 1999, Draft 14 51 Copyright © 1999 ISA



There is a relationship among the collection of process segments, the product segment definitions for
each product, and the segment requirements for any specific production request. This concept is
illusrated in Figure 13. A product segment must reference a process segment known to production,
and a segment requirement must reference a known product segment of the product being
manufactured.

Collection of Product Segments Segment Requirements
Process for a single product for a specific
Segments definition, with routing production request
(e.g. Product YYY) (e.g. Lot 123 of Product YYY
B must MUSE
— reference C A E |reference| C A E
D —|_C Product > Segment
Segment Req.
A
Process Product Parameters Production Parameters
Segment] Equment Spe.mflc.:atlons Equipment Requirement
Material Specifications Material Requirement
Parameters Personnel Specifications Personnel Requirement
Equipment
Material
Personnel

Figure 13 - Segment relations

7.2 Object Modd Structure

The object modds are depicted using the Unified Modding Language! (UML) notationa methodology.
The diagrams have been kept smple and as aresult objects may gppear on multiple diagrams.

The generd modd for dlowing extenghility to the information exchange is through the addition of
properties to the objects. There may be sets of extensions which are business specific, for example the
Food and Beverage busness may have commonly understood extensons which relate to nutritiona
content and caloric content.

Table 2 defines the UML notations used in the object diagrams.

Symbol Definition

1 JRumbaugh/l. Jacobson, THE UNIFIED MODELING LANGUAGE REFERENCE MANUAL, ©
1999 by Addison Wedey Longman, Inc. Reprinted by permission of Addison Wedey Longman.
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1 Defines a package, a collection of object moddls, state models,
use classes, and other UML models. In this document a package
is used to specify an external model, such as a production rule
modd, or areference to another part of the moddl.

PACKAGE

Defines a class of objects, each with the same types of attributes.

closs Each object must be uniquely identifisble or enumerable. No
A e operations or methods are listed for the classes. Attributeswith a
‘- before their name indicate attributes which are generdly
optiond in any use of the class.

An association between elements of a class and elements of

Fole 1 another or the same class. Each association isidentified. Can

o AssocationName have the expected number or range of members of the subclass,
when ‘" indicates an indeterminate number. Eg., O,n means that

zero or more members of the subclass may exist.

Generdization (Arrow points to the super class) showsthat an
,sATZFpeOf element of the classis a specialized type of the super class.

< Dependence (tightly bound relationship between the items) shows
Depends On that an element of the class depends on an element of another
class.

Aggregation (made up of), shows that an element of the dassis
~TisMade Up Of = made up of elements of other classes.

Table 2 — UML notation used

7.3 Production capability information

The production cgpability information is the collection of information about al resources for production
for sdlected times. This information corresponds to the overlgp of information depicted in Figure 7. This
is made up of information about equipment, materia, personnd, and process segments. It describes the
names, terms, status, and quantities of which the manufacturing control system has knowledge. The
production cgpability information contains the ‘vocabulary’ for capacity scheduling and maintenance
informetion.

7.3.1 Production capability

Production capability is the collection of available capability, committed capability, and unattainable
capability, as depicted in Figure 14. The production capability is the theoreticad maximum capability
available for use in production.

¥ Committed cgpability defines resources that are committed to future production, usualy due to
existing schedules and/or materias in production.
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Unattainable capability defines resources which are not attainable given the equipment condition
(such as equipment out of service for maintenance), equipment utilization (such as 75% of a
vess filled and the other 25% not available for other products), personnd availability (such as
vacations), and materid availability.

Available capability defines the resources that are avallable additional production and not
committed to production.

A capability may be identified as current, or may be identified for future times, as depicted in
Figure 14.

Production cgpability may change over time as equipment, materia, and personnd capability is
added, modified, or removed.

The capability includes the capacity of the resource.
Current Production Capability
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Figure 14 - Current and future capabilities

Figure 15 illudtrates the mode for production capability. A production capability is defined as a
collection of personnel capabilities, equipment capabilities, material capabilities, and process
segment capabilities, for a given segment of time (current or future), and defined as committed,
available, and unattainable.
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Capability
<f Is defined as a collection of
0..n 0..n 0..n 0..n
Personnel Equipment Material Process
Capability Capability Capability Segment
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Has properties Has properties Has properties
of of of
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1.1 1.1 1.1
Personnel Equipment Material
Model Model Model

Figure 15 — Production capability mode

7.3.1.1 Personnd capability

Personnel capability is defined as a set of references to persons or personnd classes committed,
available, or unattainable for a defined time. Personnel capability contains references to persons or
personnel classes. Persons and personnel classes are defined in the Personne Mode in Section
7.3.2.
Personnel capability will usudly identify:

¥, the capability type (available, unattainable, committed),

¥, the time associated with the capability (e.g. third shift on a specific date).

Specific personnel capabilities are defined in personnel capability properties. The personnel
capability property may include the quantity of the resource referenced, such as 3 horizontd drill press
operators available for the third shift on February 29, 2000.
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7.3.1.2 Equipment capability

Equipment capability is defined as a set of references to equipment or equipment classes committed,
available, or unavailable for adefined time. Equipment capability contains references to equipment or
equipment classes. Equipment and equipment classes is defined in the Equipment Mode in Section
7.3.3.

Equipment capability will usudly identify:
¥, the capability type (avallable, unattainable, committed),
¥, the time associated with the capability (e.g. third shift on a specific date).

Specific equipment capabilities are defined in equipment capability properties. The equipment
capability properties may include the quantity of the resource referenced, such as 3 horizonta drill
presses currently available.

7.3.1.3 Materid capability

Material capability is defined as a set of references to material lotsor sublots committed, avalladle,
or unavalable for a defined time. This includes information thet is associated with the functions of
Materia and Energy Control (4.0) and Product Inventory Control (7.0). The currently available and
committed material capability is the inventory. WIP (Work In Progress) is a material capability
currently under the control of production.

Material capability will usudly identify:

¥, the capability type (avallable, unattainable, committed),

¥, the time associated with the capability (e.g. third shift on a specific date).
Specific material capabilities are defined in material capability properties. The material capability
properties may include the quantity of the materid referenced, such as 3 sublots in Building 3 of
material Starch Lot #12345 committed to production for February 29, 2000.
7.3.1.4 Process segment capability

A process segment capability is defined as a logica grouping of personnd resources, equipment
resources, and materia that is committed, available, or unavailable for a defined process segment for a
Specific time.

A process segment capability is related to a product segment that can occur during production, as

defined in the Product Information Model in Section 7.4. A process segment capability may reate to
one or more products.

Process segment capability will usualy identify:
¥, the capability type (available, unattainable, committed),
¥, the time associated with the cagpability (e.g. third shift on a specific date),
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Process segment capabilities are made up of:
¥, Personnel segment capabilities, which may define specific properties required in personnel
segment capability properties.
¥, Equipment segment capabilities, which may define specific properties required in equipment
segment capability properties.

¥, Material segment capabilities, which may define specific properties required in material
segment capability properties.

£7)
Process Process
- Corresponds to
Segment Capability |------- pones . > Segment
<f Is defined as a collection of
0..n 0..n 0..n
Personnel Segment Equipment Material Segment
Capability Segment Capability
Capability
Has properties Has properties Has properties
of of of
0.n 0.n 0..n
Personnel Segment Equipment Segment Material Segment
Capability Capability Capability
Property Property Property
0..n| Corresponds 0..n| Corresponds 0..n| Corresponds
to element in to element in to element in
1.1 1.1 1.1
Personnel Equipment Material
Model Model Model

Figure 16 - Process segment capability mode

7.3.2 Personnel Moddl

The personnd mode contains the information about specific personnel, classes of personnd, and
qudifications of personnel. Figure 17 illustrates the personnel modd.
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Figure 17 - Personnel model

7.3.2.1 Peasonnd class

A personnel class isameans to describe a grouping of persons with smilar characteristics for purposes
of scheduling and planning. Any person may be a member of zero or more personnel classes.

Examples of personnel classes are “Cook Machine Mechanics’, “Slicing Machine Operators’, “Cat-
Cracker Operator”, and “ Zipper Line Ingpectors’.

7.3.2.2 Personnd class property

Each personnel class may have zero or more recognized properties. Examples of personnel class
properties for the personnel class “Operators’ may be “Class 1 Certified”, “ Class 2 Certified”, “Night
Shift”, and “Exposure hours’.  Production requests may specify required personnel class property
requirements for a product segment.

7.3.2.3 Person

A person represents a Specificaly identified individud. A person may be a member of zero or more
personnel classes.

¥, Person will indude aunique identification of the individud.

7.3.2.4 Person property

Each person may have zero or more person properties. These specify the current property values of
the person for the associated personnd property. For example: a person property may be “Night
Shift” and its vaue would be “avallable’, and a person property may be “Exposure hours avalable’
and itsvaue would be“4”.
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Person properties may include the current availability of a person and other current information, such
as location and assigned activity, and the unit of measure of the current information.
7.3.25 Qudification test specification

A qualification test specification may be associated with a personnel class property or person
property. Thisistypicaly used where a qudification test is required to ensure that a person has the
correct training and/or experience for specific operations. A qualification test specification may test
for one or more properties.

A qualification test specification will usudly indude:
¥, an identification of the test,
¥, averson of thetedt,
¥, adescription of the test.

7.3.2.6 Qudification test result
A qualification test result records the results from a qudification test for a pecific person.
A qualification test result will usudly indude:

¥, the date of thetedt,

¥, the result of the test (passed, failed),

¥, the expiration date of the qudification.

7.3.3 Equipment Mode

The equipment modd contains the information about specific equipment, the classes of equipment,
equipment capability tests, and maintenance information associated with equipment. Figure 18 illudtrates
the equipment modd.
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Figure 18 - Equipment model

7.3.3.1 Equipment class

An equipment class is a means to describe a grouping of equipment with smilar characteristics for
purposes of scheduling and planning. Any piece of equipment may be a member of zero or more
equipment classes. Examples of equipment classes are “Reactor Unit”, “Bottling Ling’, and
“Horizontd Drill Press’.

7.3.3.2 Equipment class property

Each equipment class may have zero or more recognized properties. Examples of equipment class
properties for the equipment class “Reactor Unit” may be “Lining Materid”, “BTU Extraction Rae’,
and “Volume’. Production requests may specify required equipment property requirements for a
product segment.

7.3.3.3 Equipment

Equipment represents the dements of the equipment hierarchy modd defined in Section 4.2.
Equipment may be definitions of Sites, areas, production units, production lines, work cells, process
cdls, or units.

Equipment may be made up of other equipment, as defined in equipment hierarchy modd. For
example, aproduction line may be made up of work cdls.
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Examples of equipment are “Reactor Unit #1”, “Bottling Line #1”, and “Horizonta Drill Press#4”

7.3.3.4 Equipment property

An equipment may have zero or more equipment properties. These specify the current property
vaues of the equipment for the associated equipment class property. Equipment properties may
include a unit of measure.

For example: an equipment class property may be “Volume” and its value would be “50000" with a
unit of measure of "Liters’, an equipment property may be “Lining Materid” and its vaue would be
“gless’.

Examples of equipment properties are:
¥, the current availability of equipment,
¥, other current information, such as when cdibration is needed,
¥, maintenance staus,
¥, the current Sate of the equipment,

¥, performance values,

7.3.3.5 Equipment capability test specification

An equipment capability test specification may be associated with an equipment property. Thisis
typicdly used where a test is required to ensure that the equipment has the rated capability. An
equipment capability test specification may test for one or more equipment properties.

An equipment capability test specification will usudly indude
¥ anidentification of the test,
¥, averson of theted,
¥, adescription of the test.

7.3.3.6  Equipment capability test result

An equipment capability test result records the results from a quaification test for a specific piece of
equipment.

An equipment capability test result will usudly indude
¥, the date of thetedt,
¥, the result of the test (passed-failed or quantitetive result),
¥, the expiration date of the test.
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7.3.3.7 Maintenance information

The overlgp of information between manufacturing control and maintenance is in the equipment area.
This is represented as maintenance requests, maintenance responses, and work orders associated to

specific equipment.

A maintenance request is made agangt specific equipment. There may be many outstanding
maintenance requests againg a piece of equipment. A maintenance request may result in a
maintenance work order againg the equipment. Zero or more maintenance work orders may be
generated from a maintenance request. A maintenance response is made agang a maintenance
work order.

Maintenance requestswill usudly indude
¥ who made the request,
¥, the date and time of the request,
¥, the needed data and time of resolution,
¥, the equipment associated with the request,
¥, adescription of the request,
Y, apriority.
Maintenance work order will usudly indude:
¥, the associated person or personnd class assigned,
¥, the assigned priority of the work order,
¥, the status of the work order (e.g. pending, in process).
Maintenance responses will usudly indude:
¥, the date and time of the response,
% who responded to the work order,
¥, adescription of the response,

% theresult of the work order.

7.3.4 Material model

The materid mode defines the actud materias, materid definitions, and information about classes of
materid definitions. Materid information includes the inventory of raw, finished, and intermediate
materids. The current materid information is contained in the material lot and material sublot
information. Materia classes are defined to organize materids. Figure 19 illugtrates the materia model.
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Figure 19 - Materid model

7.3.4.1 Maeid definition

A material definition is a means to describe goods with smilar characterigtics for purposes of
scheduling and planning. Examples of these may be “City Water”, “HCI”, and “Grade B Aluminum”.
The materids may be identified as raw, intermediate, or find and may have other state information, such
as avalability of safety informetion.

Any materid lot is defined by one material definition.

Material definitions may dso be related to a production request. The same materid may have
different definitions for different production requests, depending on specific customer requirements.
7.3.4.2 Materid definition property

A material definition may be further characterized through zero or more material definition
properties. Examplesof material definition property include density, pH factor, or materid strength.
These define the nomind or standard values for the materid.

7.3.43 Mateid Class

A material class is means of defining groupings material definitions for use in production scheduling
or processing. An example of a material class is "Swegtener”, with members of "Fructose’, "Corn
Syrup”, and "Sugar Cane Syrup”. Ancther example of a materia class is "Water”, with members of
"City Water", "Recycled Water”, and " Spring Water".

A material definition may belong to zero or more material classes.
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7.3.4.4 Maerid Class Property

A material class may be further characterized through zero or more material class properties.
Examples of material class property include densty, pH factor, or materid strength. The material
class properties usualy define the nomind, or standard, vaues for the materid. A materia property
does not have to match a materid class property.

7.3.45 Mateid lot

A material lot object uniquely identifies a specific amount of materid, countable or weighable. This
decribes the actud tota quantity or amount of materid available, its current state, and its specific

property vaues.
Materids may be made up of other materials but that association is not described in this modd.

A material lot may indude
¥ aunique identification of thelat,
¥, the amount of materid (count or weight),
¥, the unit of measure of the materia (e.g. parts, kg, tons),
¥ alocation for the materid,
¥ and any committed Status of the lot.
Materid lots and materid sublots may be used for tracegbility when they contain unique identifications.

7.3.4.6 Materid lot property

Each materid may have unique values for zero or more material lot properties, such as a specific pH
vaue for the pecific lot of materid, or a pecific dengty for the lot of material.

7.3.4.7 Materid sublot

A material lot may be Sored as a separate identifiable quantity. Each separate identifiable quantity of
the materid is identified in a material sublot object. All material sublots must contain the same
material lot, so they usethe material lot element’ s property values. A material sublot may be just a
gngleitem.

Each material sublot dso contains the location of the sublot and the quantity or amount of materia
avalablein the sublot.

Material sublots may contain other sublots.  For example, a sublot may be a palet, each box on the
pallet may aso be a sublot, and each materia blister pack in the box may aso be asublot.

A material sublot may include:
¥ aunique identification of the sublat,
¥, the packing mode of the materid,
¥, the unit of measure of the materid (e.g. parts, kg, tons),
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¥, and any committed status of the sublot.

7.3.4.8 QA test specification

A QA test specification may be associated with a material class property. This is typicdly used
where a test is required to ensure that the materia has the required property vaue. A QA test
specification may identify atest for one or more material class properties. Not al properties need
to have adefined QA test specification.

QA test specifications may aso be related to a production request.  The same materid may have
different specifications for different production requests, depending on specific customer requirements.

A QA test specification will usudly indude:
% an identification of the test,
% averson of the test,

¥, adescription of the test.

7.34.9 QA test results

A QA test result records the results from a QA test for a specific piece of materia lot. QA test results
will usudly have the following characteridtics

¥, They arerelated to amaterial lot.
% They may be related to a production request.
¥, They may be associated with a specific production response
¥ They may be related to a specific process segment.
¥ They generdly include a passffall Satus of the test
% They may include quantitative information of the tests.
¥ Theresult may be the granting or refusing of an in-process or finished goods waiver request.
%, They may be reated to a product characteristic.
QA test resultsmay be associated with a specific production response.

7.3.5 Process Segment M odel

The process segment model contains information about the commonly defined process segments. Figure
20 illugtrates the process segment modd!.
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Figure 20- Process segment model

7.3.5.1 Process segment

A process segment is a logica grouping of personnd resources, equipment resources, and materia
required to carry out a production step. Process segment usudly define the needed classes of
personne, equipment, and materid, but it may define specific resources, such as specific equipment
needed. Process segment usualy define the quantity of the resource needed.

A process segment isrelated to a product segment that can occur during production, as defined in the
Product Information Model in Section 7.4. A process segment may relate to one or more products.

Process segment will usudly identify:
¥, the time duration associated with the cgpability (e.g. 5 hours, or 5 hours’100KG),
¥ and may include congtraint rules associated with ordering or sequencing of segments

A process segment may be made up of other process segment, in a hierarchy of definitions. Figure 20
illugtrates the elements of a process segment.

Process segments may contain specifications of specific resources required by the process segment.
Process segments may contain parameters that can be defined in specific production requests
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7.3.5.2 Process segment parameter

Process segment parameter s define specific parameters required for the segment. Examples of
parameters are product colors, quality requirements, assembly options, and packaging options,
7.3.5.3 Personnd segment specification

Personnel segment specifications define what personnel resources are required for the process
segment, such as three lathe machine operators, or a certified inspector.  Specific propertiesthat are
required are specified in personnel segment specification properties.

7.3.5.4 Equipment segment specification

Equipment segment specifications define what equipment resources are required for the process
segment, such as three lathe operators, or a certified test chamber.  Specific properties that are
required are specified in equi pment segment specification properties.

7.3.5.5 Materid segment specification

Material segment specifications define what materia resources are required for the process segment,
such as didtilled water, or HCI.. Specific properties that are required are specified in material
segment specification properties.
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7.4 Product definition information

The product definition information is information shared between production rules, bill of materid, and
bill of resources. These three externa models are represented by packages in Figure 21, their
definitions are outside the scope of this document. The mode in this section defines the information
shown in the shaded areas of Figure 8.
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) I
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&
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Figure 21 - Product definition model

7.4.1 Product segment

A product segment identifies, references, or corresponds to a process segment. A product segment
is related to a specific product, while a process segment is product independent. The product
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segment specifies the vaues needed to quantify a segment for a specific product, such as specific
number of operators with specific qudifications.

The collection of product segments for a product defines the sequence and ordering of segments
required to manufacture a product in sufficient detail for production planning and scheduling. The
corresponding production rule defines the additional detail required for actua production.

A product segment may use zero or more resources, which may correspond to an equipment
specification, a personnel specification or amaterial specification. A product segment may have
parameter vaues for parameters specified in the corresponding process segment.

7.4.1.1 Product parameter

The production rule definition is outsde the scope of this document, but a production rule will have an
associated set of zero or more product parameters per product segment for each product defined.
The product parameters define the names and types of the values that may be sent to the control
system to parameterize the product. Examples of product parameter specifications are “pH of 3.5,
“Pressure Limit of 35ps”, and “Flange Color = Orange’. Product parameters may include:

% An identification of the parameter.

¥ A default value for the parameter

% The units of measure of the parameter vaue.

¥, Possble ranges of the parameter value. May include darm or qudity ranges.
¥, Tolerances for acceptable parameter vaues.

7.4.1.2 Personnd specification
A personnel specification identifies, references, or corresponds to a personnel capability and usudly
specifies personnel class but may sometimes specify a person. This identifies the specific personnd
capability that is associated with the identified product segment. A personnel specification may
incude

¥ An identification of the personnel capability needed.

¥ The quantity of the personnd capability needed.

% The unit of measure of the quantity.
Specific dements associated with a personnel specification may be included in one or more personnel
specification properties. Examples of personnel specification properties are traning leve required,
gpecific kill required, and exposure availbility.

7.4.1.3 Equipment specification

An equipment specification identifies, references, or corresponds to an equipment capability and
may specify ether an equipment class or a piece of equipment. This identifies the specific equipment
capability thet is associated with the identified product segment. An equipment specification may
include
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An identification of the equipment capability needed dther as the equipment class needed or
specific equipment.

¥, The quantity of the equipment capability needed.

¥ The unit of measure of the quantity.

¥ The production performance target.

Specific dements associated with a equipment specification may be included in one or more
equipment specification properties. Examples of equipment specification properties are materid of
condruction, maximum materia capacity, and minimum hest extraction amount.

7.4.1.4 Materid specification

A material specification identifies or corresponds to a material capability and usudly specifies a
material or amaterial class. Thisidentifies the specific material specification that is associated with
the identified product segment. A material specification may include

¥ Anidentification of the material cgpability needed.

¥ The quantity of the materid capability needed.

¥ The unit of measure of the quantity.

¥, Alternate materids or material classes that could be used in place of the primary materia
specified.

¥ The production performance target.

Specific dements associated with a material specification may be included in one or more material
specification properties. Examples of material specification properties are color range, densty
tolerance, and maximum scrap content.

7.4.2 Manufacturing bill

A manufacturing bill identifies a material or material class that is needed for production of the
product.

The manufacturing bill includes dl uses of the materid in production of the product, while the product
segment’ s material specification definesjust the amount used in a segment of production.

For example: amanufacturing bill may identify 55 Type C left threaded screws, where 20 are used in
one product segment, 20 in another product segment, and 15 used in athird product segment.
7.5 Production information

Production information is defined in two modes, shown in Figure 22 and Figure 23. These correspond
too requests for production and responses to the requests.

A request for production is defined in a production schedule.
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7.5.1 Production schedule

The production schedule shown in Figure 22 defines the shaded information shown in Figure 11. A
production schedule is made up of one or more production requests.

Production
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Fgure 22 - Production schedule model

7.5.2 Production request

A production request defines a request for production for a sngle product identified by a production
rule. A production request contains the information required by manufacturing to fulfill scheduled
production. This may be a subset of the business production order information, or it may contain
additiond information not normally used by the business sysem.
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A production request will identify or reference the associated production rule. A production request
must contain a least one segment requirement, even it spans al production of the product. If not
uniquely defined by the production rule, then a segment requirement will contain at lesst one material
produced requirement with the identification, quantity, and units of measure of the materid to be
produced.

A production request may adso include:
¥ When to start production, typically used if a scheduling system controls the schedule.

% When the production is to be finished, typicaly used if the manufacturing system contrals its
interna schedule too meet deadlines.

¥ The priority of the reques, typicdly used if exact ordering of production is not externdly
scheduled.

¥ A pack out schedule.
¥, A pre-assgned lot identification for the produced materid.

A production request may be reported on by one or more production responses. In some stuations, the
materid identification, production rule identification, and materid quantity may be dl that is needed for
the manufacturing. Other Stuations may require additiond information. The additiond information may
be described in the production parameters, personnel requirements equipment requirements, and
material requirements

7.5.2.1 Segment requirement

A production request is made up of one or more segment requirements Each segment
requirement must correspond to, or reference, an identified product segment. The segment
requirement identifies or references the segment cgpability to which the associated personnd,
equipment, materials, and production parameters correspond.

The personnel requirement property, equipment requirement property and product parameter
must dign with the personnel property, equipment property, and product parameters sent as part of
a production request. If the scheduling function sends information that is not understood by the
receiving control function, then that information can not be used within the control function. Likewise
the scheduling function must be able to determine what information can be accepted by the control
function.

7.5.2.2 Personnd requirement

A personnel requirement and the associated personnel requirement property eements refer to the
number, type, duraion, and scheduling of specific certifications and job classfications needed to
support the current production request. Examples of job classfication types include: "mechanics’,
"operators’, "hedth & protection”, or "ingpectors'.

For example, there may be arequirement for one operator with a specified leve of certification available
two hours after production starts. There would be one personnel requirement for the requirement for
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the operator and two personnel requirement properties, one for the certification level and one for the
time requirement.

A personnel requirement typicaly includes
¥ Theidentification of the personnd cgpability needed, such as*Milling machine operator”
¥, The quantity of personne capability needed.

Specific eements associated with each personnel requirement may be included in one or more
personnel requirement properties.

Examples of personal requirement property dements are: training and certification, specific kill,
physicd location, seniority level, exposure levd, training certification, security level, experience levd,
physica requirements, and overtime limitations and retrictions.

7.5.2.3 Equipment requirement

The production request may include one or more requirements for, or congtraints upon, the equipment
that the facility shal use in the production process for the scheduled item. Requirements can be as
generic as materids of condruction, or it can as specific as a particular piece of equipment. Each of
these requirements is an instance of the equipment requirement class.

Each equipment requirement identifies a genera class of equipment (such as “Reector Vesds'), a
specific class of equipment (such as “lsothermal Reactors’), or a specific piece or set of equipment
(such as “Isotherma Reactor #77). The specific requirements on the equipment, or equipment class are
defined in equi pment requirement property objects.

An equipment requirement typicaly includes

¥, The identification of the equipment cgpability needed, such as*Milling maching’

¥, The quantity of equipment capability needed.

¥ The product segment the equipment requirement is needed in, such as “Firs Step Rough

Shaping’.

Specific dements associated with each equipment requirement may be included in one or more
equipment requirement properties.
Examples of equipment requirement properties are: materia of condruction and minimum eguipment
capacity.
7.5.2.4 Materid produced requirement

A material produced requirement is an identification of amateria to be produced from the production
request. A material produced requirement may include

¥ Thetota quantity of the materia to be produced and unit of measure, such as 5000 Lbs.
¥ An acceptable range for the quantity of materid.
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Specific dements associated with each material produced requirement may be included in one or
more material produced requirement properties.

Examplesof material produced requirement properties are:
¥, fa content,
¥, octanerating,
¥, delivery locations,
¥, material lot identification (such as*“ Starch Lot #45663”) to be assigned to the materid,
¥, identification of sublots.

7.5.25 Materid consumed requirement

A material consumed requirement is an identification of a materid to be usad in the production
request. A material consumed requirement may include:

¥ Thetota quantity of the materia to be used and unit of measure, such as 5000 Lbs.
¥ An acceptable range for the quantity of materid.

Specific dements associated with each material consumed requirement may be included in one or
more material consumed reguirement properties.

Examples of material produced requirement properties may include:
¥, Material lot (such as* Starch Lot #45663")

¥ A lig of possble material lots that can be used in production, where the production system or
operators may select thelot from thelist, as described in Section 7.3.4.5.

¥ A material definition, such as* Starch”, where the actua lot of materid is not specified.

¥, A material class, such as "Starch Alternates', so that any material lot of that class can be
used for production.

7.5.2.6 Consumable expected

Consumable expected include resources that are not normaly included in bills of materids or are not
individually accounted for in specific production requests. Depending on the industry these may include
water, catalysts, common chemicals, and utilities, such as dectricity and seam. These items will often
result in direct charges that will usually be consdered in costing the product segment. Consumables are
often materias that do have an inventory balance.

In some industries consumable expected are not used and the information is included in material
consumed requirement.

Consumables do not have lot identifications. Consumables with ot identifications are typicaly trested
as material consumed requirements

Consumable expected usudly indude the following informetion:
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Ya
Y

the identification of the resource expected to be consumed,

the total quantity of the resource consumed expected to be consumed and the unit of measure of
the quantity.

Specific dements associated with each consumable expected may be included in one or more
consumabl e expected properties.

Examples of consumabl e expected properties may incdlude:

Ya
Y

A unique identification of the consumable, such as “River water 01-01-2001"
A definition of the consumable, such as* Rubber Gloves’ or "Cotton bals’

7.5.2.7 Production parameter

A production parameter is information contained in the enterprise sysem that is required by the
operation system for correct production.

Examplesof production parameters are:

Y4
£
Y4
£
Y4
£
Ya

qudity limits

setpoints,

targets,

specific customer requirements (such as " Purity = 99.95%"),
find disposition of the produced product,

trangportation information,

other information not directly related to control (such as a customer order number required for
labeling or language for labels).

A production parameter may include:

£

¥
Ya
¥

An identification of the parameter, tha matches the product parameter of the product’'s
production rule, such as “target acidity”.

A vauefor the parameter, such as 3.4.
The type of the parameter, such as“ph”.
A st of limitsthat gpply to any change to the value, such as qudity limits and safety limits.

Production parameters may be either product parameters that define some characteristics of the product
(such as paint color), or process parameters that define some characteristics of the production process
(such as bake time).

7.5.2.8 Reguested segment response

A requested segment response is the definition of the information that must be sent back as a result of
the production request. This informeation is of the same form as a segment response, but without
containing actua vaues.
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A requested segment response may include required information, which defines information that must
be reported on from production, such as the actual amount of material consumed.

A reguested segment response may include optiond information, which defines information that may
be reported on from production, such as operator entered comments.

7.5.3 Production performance

The performance of the requested manufacturing requests is the production performance. Production
performance isacollection of production responses.

7.5.4 Production response

Production responses are the response from manufacturing that is associated with a production
Request. There may be one or more production responses for a angle production request if the
production facility needs to split the production request into smaller eements of work. For example a
sngle production request for the production of “200 gears’ may be reported on by 10 production
response objects of “20 gears’ each because of manufacturing restrictions.

A production result may include the status of the request, such as the percentage complete, completed,
or aborted.
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Production responses contain the items reported back to the business system, at the end of production
or during production. The business sysem may need to know intermediate production response
datuses, rather than waiting for the find production response status, because of cost accounting of

Figure 23 - Production performance model

material produced or intermediate materias.

7.54.1 Segment response

The production response for a specific segment of production is defined as a segment response. A
segment response may be made up of zero or more sets of information on product data, personnel
actual, equipment actual, utilities actual, materials consumed actual, materials produced actual,

and consumables actual. A segment response may include:
% An identification of the associated product segmern.
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¥ The actud garting and stopping time of the segment.
¥ The duration of the segmen.
The response actuals may contain attributes that define if the response was required or optional.

7.5.4.2 Production data
Production data isinformation related to the actud products made. Examples of production data are:
¥ A customer order number associated with the production request.

¥, Specific commercid notes from operations related to the customer order. Such as “order
complete’, “order incomplete”, or an anticipated completion date and time.

¥, Qudlity informetion.
¥, Certification of Andyss

¥ Procedurd devidions, such as an identification of an event defined in another syssem and darm
informetion.

¥, Process behavior, such as temperature profiles.

¥, Operator behavior, such asinterventions, actions, and comments.

75.4.3 Pesonnd Actud

The personnel actuals in a production response identifies a personnd capability used during a specified
product segment. Production functions often require people as a resource to carry out tasks.
Personnel actuals may indude the fallowing information:
¥ The identification of each resource used, usudly identifying a specific personnd capability or
personnel class, such as "End Point Transmisson Assembly Operators’, or a personnd 1Ds
such as* Jean Smith” or “ SS# 999-123-4567".

Specific information about personnel actuals is defined in personnel actual properties. Examples of
personnel actual properties are:

¥ Theactud duration of use of the personnd during the product segment, such as“2 hours’. This
information is often needed for actua costing andyss.

¥ Actud monitored exposure times by the personnd during the product segment.
% The location of the personnd after use in the product segment, such as “Area 51°. This
information is often used for short term scheduling of personne resources.
7.5.4.4 Equipment actua

The equipment actual in a production response identifies an equipment cgpability used during a
specified product segment. Production functions often require equipment as a resource to carry out
tasks. Equipment actual may indude the following information:

¥, Theidentification of the equipment used, usudly identifying a specific piece if equipment

| SA-dS95.01- 1999, Draft 14 8 Copyright © 1999 ISA



Specific information about equipment actuals isdefined in equipment actual properties. Examples of
equipment actual properties are:

¥ The actud duraion of use of the equipment during the product segment. This information is
often needed for actua cogting andlyss.

¥, The equipment condition, after use in the product segment, such as a status of available, out-of-
savice, or deaning. This information is often used for short term scheduling of equipment
resources.

¥ The equipment setup procedures used for the product segment. Thisinformation is often needed
for actud costing andysis and scheduling feedback.

¥, Other equipment attributes, such as percentage of available capability used.

7545 Materid produced actua

The material produced actual in a production response identifies the materia produced during a
defined product segment. The materid may be the fina product, an intermediate product that must be
identified for costing or scheduling purposes, or a scrapped product or materia. Material produced
actuals may indude the following information:

¥, The identification of the materid produced, usudly identifying the materid. Examples include
“Resin-89-B”, “Motherboard MP667a’.

¥ The quantity of the material produced and the unit of measure of the quantity produced, such as
“500 Parts’, “50000 Liters’

Specific information about material produced actuals is defined in material produced actual
properties. Examplesof material produced actual properties are:

¥ An identification of the material lot or material sublot produced.
¥, Type of materia, such asfina, intermediate, or co-product.

75.4.6 Mateid consumed actua

The material consumed actual in a production response identifies the material used during a specified
product segment. This materid may be identified in the Bill of material and may be araw materia or
purchased materia. Material consumed usudly indude the following information:

¥, theidentification of the materia consumed,
¥, the quantity of the materid consumed and the unit of measure of the quantity.

Specific information about material consumed actuals is defined in material consumed actual
properties. Examplesof material consumed actual properties are:

% thematerial lot or material sublot consumed,

¥, comments about the use from operations.
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75.4.7 Consumable actud

Consumabl e actuals include resources that are not normally included in bills of materids or are not
individualy accounted for in specific production requests. These include water, catalysts, common
chemicas, and utilities, such as dectricity and seam. These items will often result in direct charges that
will usualy be consdered in costing the product ssgment. Consumables are often materials that do have
an inventory baance.

Consumabl e actual s usudly indude the following information:
¥, theidentification of the resource consumed,
¥, the quantity of the resource consumed and the unit of measure of the quantity.
¥, Specific information about consumable actuals is defined in consumable actual properties.

7.6 Mode crossreference

Figure 24 provides an informative illustration of how the object models inter-rlate.  The production
information defines what was made and what was used. Its dements correspond to information in
production scheduling that defined what to make and what to use. The production scheduling e ements
correspond to information in the product definition that defines what must be specified to make a
product. The produce definition elements correspond to information in the process segment definitions
that define what can be done with the production resources.

The danted rectanglesin Figure 24 represent any of the resources (personne, equipment, or material)
or properties.
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Figure 24 - Object modd inter-relations

Table 3 provides a crossreference between the dements of the information flows in the data flow

mode and the corresponding section describing the object modd.

Copyright © 1999 ISA

81

| SA-dS95.01- 1999, Draft 14



Table 3- Modd cross reference

Data Flow Modd Information

From Function

To Function

Object Mode Section

6.2.1 Schedule Production scheduling (2.0) Production control (3.0) 751and 752

6.2.2 Production from plan Production control (3.0) Production scheduling 753and 754
(2.0)

6.2.3 Production capability Production control (3.0) Production scheduling 73

(2.0)

6.24 Material and energy order

reguirements

Production control (3.0)

Defined in terms of the Material Model, 7.3.4

6.25 Incoming order confirmation | Material and energy control Procurement (5.0) Defined in terms of the Material Model, 7.3.4
(4.0
6.26 Longterm materia and Production scheduling (2.0) Material and energy Defined in terms of the Material Model, 7.3.4

energy reguirements

control (4.0)

6.2.7 Short term material and

energy reguirements

Production contral (3.0)

Material and energy
control (4.0)

Defined in terms of the Material Model, 7.3.4

6.28 Material and energy Material and energy control Production control (3.0) 734
inventory (4.0

6.2.9 Production cost objectives | Product cost accounting (8.0) Production control (3.0) 7.4

6.2.10 Production performance Production control (3.0) Product cost accounting | 7.5.3and 7.54

and costs

(80)

6.2.11 Incoming Material and
energy receipt

Material and energy control
(4.0)

Product inventory
control (7.0)

<Not detailed in object model>

6.2.12 Quality assurance results Quality assurance (6.0) Production control (3.0) 7.349and 754
6.2.13 Standards and customer Marketing and sales Quality assurance (6.0) 73and75.2
requirements Quality assurance (6.0) Production control (3.0)
6.2.14 Product and process Research, development, and Quality assurance (6.0) 74
requirements engineering
6.2.15 Finished goods waiver Functions Quality assurance (6.0) <Not detailed in object model>

Order processing (1.0)

Typically unstructured information handled on an ad-hoc basis

6.2.16 In-process waiver request

Production contral (3.0)

Quality assurance (6.0)

Defined in terms of the Material Model, 7.3.4

6.2.17 Finished goodsinventory Product inventory control (7.0) | Production scheduling 734and 754
(2.0

6.2.18 Process data Production control (3.0) Quality assurance (6.0) 7.5.3and 754

6.2.19 Pack out schedule Production scheduling (2.0) Product inventory 752

control (7.0)
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6.2.20 Product and process know
how

Research, development, and
engineering

Production control (3.0)

74

6.2.21 Product and process
information request

Production control (3.0)

Research, development,
and engineering

<Not detailed in object model>

6.2.22 Maintenance requests Production control (3.0) Maintenance 733
management (10.0)
6.2.23 Maintenance responses M ai ntenance management Production control (3.0) 733
(10.0)

6.2.24 Maintenance standards Production control (3.0) Maintenance <Not detailed in object model>
and methods management (10.0)

6.2.25 Maintenance technical M ai ntenance management Production control (3.0) 711land7.3
feedback (10.0)

6.2.26 Product and process
technical feedback

Production control (3.0)

Research, devel opment,
and engineering

<Not detailed in object model>

6.2.27 Maintenance Purchase M aintenance management Procurement (5.0) <Not detailed in object model>
Order Requirements (10.0)
6.2.28 Production Order Functions Production scheduling <Not detailed in object model>
Order processing (1.0) (2.0)
6.2.29 Availability Production scheduling (2.0) Functions <Not detailed in object model>

Order processing (1.0)

6.2.30 Release to Ship

Product shipping
administration (9.0)

Product inventory
control (7.0)

<Not detailed in object model>

6.2.31 Confirm to Ship

Product inventory control (7.0)

Product shipping
administration (9.0)

<Not detailed in object model>
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Sitton, O., Motard, R., Blaha, M., Goldstein, B., Hendrick, J.,Fielding, J., “The Road To A Common
Byte’, Chemical Engineering, September (1994). [Contains a list of published references related to
PDXI.]

Williams, T.J, The Purdue Enterprise Reference Architecture, A Technical Guide for CIM
Planning and Implementation, 1992, ISA, ISBN 1-55617-265-6
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A.2 Abbreviations
CIM — Computer Integrated Manufacturing

CGMP — Current Good Manufacturing Practices — Defined in the United States Code of Federd
Regulations 21 CFR.

COA — Certificate Of Analysis

ERP — Enterprise Resource Planning

L 1M S — Laboratory Information Management System
M RP — Materids Requirements Planning

MRP Il — Manufacturing Resource Planning

MSDS —Material Safety Data Sheet

PRM — Purdue Reference Model

QA — Quadlity Assurance

RD& E — Research Development & Engineering
SCM — Supply Chain Management

SKU — Stock Keeping Unit

SOC — Standard Operations Conditions

SOP — Standard Operating Procedure or Standardized Operationa Procedure

SPC — Statistical Process Control — A set of techniques based on Satistical principles and methods
used to regulate the qudity of products and processes. Also call SQC

SQC — Statidtical Quality Control — A set of techniques based on datigtica principles and methods
used to regulate the qudity of products and processes.

UML — Unified Modeling Language
WIP —Work In Process
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Annex B —Businessdriversand key performance indicators

This section contains a collection of business drivers and KPI (key performance indicators) or issues
that have been defined, and used as the potentia touch points into the business processes of the users of
the standard. These are dso caled Critical Success Factors. The drivers were used to test the
informationa content included within the sandards. They determined if the communications model
adequately addressed the business issue associated with integration.

These business drivers are identified as being critica to the success of the operation of manufacturing
companies across a variety of indudtries. The drivers have been darified and validated with operating
companies and vendors companies. The drivers provide users with the basis from which to determine
the usage of the standard based on their particular industry and information system needs.

B.1 History

Key business drivers are the areas of performance that are most critica to the organization's success.
Key business driver is a term used in connection with strategic planning and related god setting. Key
business drivers refer to principa organization-level requirements (Smilar to Misson Essentid Task List
(METL) in tacticd units), derived from short- and long-term strategic planning. They include customer-
driven qudity requirements and operationd requirements such as productivity, cycle time, deployment of
new technology, strategic dliances, supplier development, and research and development. In Smplest
terms, key business drivers are those things the organization must do well for its strategy to succeed.
(Sources. How to Interpret the Macolm Baldrige 1995 Award Criteria by Mark Graham Brown and
Malcolm Badrige, Nationa Qudity Award 1995 & 1996 Award Criteria)

B.2 Driversand | ssues

Busness drivers, in a manufacturing facility, generate the need for information to flow between the
executive offices and the process or manufacturing floor. Enterprises focus on these business drivers to
meet competitive requirements in the marketplace. Business drivers subsequently influence information
sent to the production floor or are influenced by information gathered from the production floor.

Business drivers and some information demands have been identified. Additiona research and work
may be required to clarify the scope and definition of the drivers and information demands for particular
USErs requirements.

There is dways some business process that needs information from production, or needs to exercise
control of production that drives the need for integration.  Integration requires that the production
information can be mapped back to the business information.

B.3 Value of Standard to the Business

Manufacturing enterprises are typicaly dynamic entities. There are continua changes in business
processes to meet changing the business and legd environments. There are dso usudly continua
changes in production processes, as new technologies and advances in production capabilities emerge.
The purpose of this standard isto aid in the separation of the business processes from the production
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processes. The standard describes information in away that is business process independent and
production process independent. Figure B-1 below illustrates this concept of a common mode that
bridges the different business and production processes.

Alternate L ogistics Strategies

Make Make Engineer || Configure
to to fo to
Order Stock Order Order

S95.01

PDXI
NAMUR S88.01 SME
Continuous Batch Discrete
Manufacturing Manufacturing Manufacturing
Models Models Models

Alternate Manufacturing Strategies
Figure B-1 - Multiple business and production processes

B.4 Vendor independent exchange

Another value of the standard to the business is the separation of exchanged information from specific
implementations of manufacturing control systems and specific implementations of business management
gysems. Manufacturing control systems change when the production processes change, when factories
are bought or sold, or when control equipment is updated or replaced. Likewise business management
systems change due to corporate mergers, sell-off, technology changes, or business or lega changes.

This slandard provides vendor independent methods of describing the information exchanged, that can
be consistent across changes to manufacturing syssems and I T business systems.
B.5Businessdrivers

Some terms or |abd s that describe such business drivers include:
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B.5.1 Availableto Promise

Automated available-to-promiseis achieved by giving order takers access to inventory and capacity
information, and in some cases even vendor information, so that they are able to commiit to rdliable
delivery dates while the customer is till on the phone.

Information needed for automated available-to-promise
¥, current finished goods inventory,
¥ current production plan for that product,
¥, redidic capacities of the production facility of that product,
Ya raw materid inventories,
¥, raw maerid purchasing capability.

B.5.2 Reduced cycletime
Cycle Timeis defined asthe timeit takes to produce a product from the time the order is placed.

Cycletime refers to responsiveness and completion time measures - the time required to fulfill
commitments or to complete tasks. (Source: Macolm Baldrige 1996 Award Criteria)

The reason that businesses concentrate on minimizing the total cycle time is generdly to increase
inventory turns. This hasthe net result of increasing abusinesss ROA (Return On Assts).

To reduce cycle time a business mugt identify areas where most of the delay and waiting occurs and
address them appropriately. In most cases, the time needed to plan and react to changesis much longer
than the time to build. Response time improvement requires al aspects of the planning, scheduling and
execution to be taken into account. Reducing the time to plan alows more frequent analysis of forecasts
and less dependence on forecasting data. (By K. Cyrus Hadavi , CEO, Paragon Management Systems)

B.5.3 Asset efficiency

Ass efficiency is afocus on maximizing the effective and codt effective use of the asstsin the
production of the products. The information obtained from the production environment will deliver to
the enterprise redigtic information on the production capabilities of the plant, train, unit, work cell, etc.
Asst efficiency isthe desire to better utilize the assets of the company. It usudly involves al assets of
the company, production, service, adminigiration, support, sales, and marketing. Asset efficiency
improves acompany's ROA.

May imply:
¥, operding to cgpacity, with timely maintenance.
¥, operaing equipment efficiently in terms of its operating parameters and its maintenance.

¥ measurements such as counter readings per operating hours.
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¥, time, temperature, pressure/vibration, status or other detailed data.

¥ maintenance schedules, operating/mai ntenance specs, procedure times.

B.5.4 Agile Manufacturing

Agile manufacturing is the ability to reconfigure production assets to quickly meet market demand. This
requires the ability to change production using exigting plants and equipment.

Agility in manufacturing is the gbility to thrive in a manufacturing environment of continuous and often
unanticipated change and to be fast to market with customized products. Agile manufacturing uses
concepts geared toward making everything "re-configurable.”

Agile enterprises may be supported by a networked infrastructure that can link multi-company teams
into an integrated virtua corporation.

Agile manufacturing requires that production can quickly respond to changes in product definition, and
sometime even change product production processes in mid stream.

B.5.6 Supply Chain Optimization

The am of supply chain management (SCM) is for each player in the supply chain to conduct business
with the latest and best information from everyone ese in the chain, guiding supply and demand into a
more perfect balance. The purpose is to move product from the point of origin to that of consumption
in the least amount of time and at the smallest cogt.

Supply-chain management helps managers do such things asintegrate retail channels with manufacturing,
drive demand from the point of sale, or diminate inventory buffers in the digtribution chain. SCM
extends beyond the walls of the enterprise to suppliers and distributors

Supply chain management moves to supply chain optimization when the supply chain is used to
maximize the effectiveness of the whole, as well as maximizing the effectiveness of the individud parts.

Supply chain optimization involves making complex tradeoffs to satisfy business objectives of reducing
operationd cogts and inventory, improving delivery rdiability and response time, and service to the
custome.

B.5.7 Quality & Traceability

Quadlity and tracesbility can be a business driver in some businesses. This may be required by factors
such as regulatory rules, service cost measurement per product improvement, reliability to customers,
and Human Resources tracking of exposure to hazardous items.

Qudity and trace-ability requires that information, that is typicaly kept within the manufacturing system,
be made available to other parts of the enterprise.  This often requires integration of production control
and quality assurance, with a corporate qudity system.
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B.5.8 Operator Empower ment

Moving more decision making to operations sometimes provides a competitive advantage, where
operator decisions can have directly measurable financia impact. The operations floor thus requires a
ggnificant increase in information that was only accessble from the business offices in the past.

Empowerment: A condition whereby employees have the authority to make decisions and teke action in
their work areas without prior gpprova. The act of vesting appropriate authority in the hands of the
people nearest the problems to be solved. (Source: Leadership for Tota Army Quadlity)

B.5.9 Improved Planning

Improved planning is a key business driver for companies with expensve inventory, time consuming
production but fast customer changes, and variable demand. Improved planning requires access and
use of information from throughout the corporation to move planning output from production requests
and closer to production schedules.

Improved planning requires continua feedback on actua production and materid consumption, as well
as continual feedback on demand and inventories.

B.5.10 Summary

The business driver lig isnot dl inclusve. Any business driver that impacts Cost, Capacity,
Compliance, Time, or Analysis could be added to the list. Additiondly, informationa components of
one business driver will aso often be required when addressing other business drivers. The examplein
section B.7 isabadc stuation that may provide a starting point for various business drivers.

B.6 Example Business Driver and Information Flow

An example of how busness drivers and associated production functions generate the need for
information flow throughout the business enterprise is described as follows.

The firgt business driver, Available to Promisg, is a basc busness driver. We assume a manufacturing
business. In this busness, there are certain functiona steps that generate information flow between the
bus ness enterprise (office) and the production floor (control systems).

We will congder this business to be a generd manufacturing facility. In atypica business day, we have
customers who are requesting to buy our product. Armed with information from our sales personnd,
we progress to the manufacturing floor. Here, information generation may be outlined in the following
steps:
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¥, Current State: Where are we right now? Every business requires knowledge of current
manufacturing and business Stuation. This information is defined as production from plan and
production performance and costsin the stlandard's data flow mode!.

¥, Target State: Where do we want to go? In the norma course of business, new orders may be
received, legd requirements change, even the weether may have an informationa impact through
the busness. So, there is information that flows between the business practices and
manufacturing practices. This information is defined as schedule and pack out schedule in the
standard's data flow mode!.

¥ Trandgtion State: Prior to a change, there is a Sgnificant amount of information generated to
anticipate how the changes will be managed. And when things actudly change, there is history
gathering of how the changes actualy occur. This information is defined as production
performance in the standard's object moddl.

¥ Planning/Scheduling: For this business, the need for information regarding current state, target
date and trangtion environment may occur may times per week, day or operations shift. The
frequency of schedule update and the frequency of information uploads will depend on industry
needs. A grouping or series of steps A, B, and C may be described as a schedule for the
manufacturing floor. Or, the business offices may regard this as a plan. Either way, there is
information that must flow between the two to reconcile issues. This information is defined as
production schedule in the standard's object modd!.

¥ Planned vs. Actual: At certain times, a typica business must review the actions in steps A
through C and see if the business requires adjustments.

This is one method of describing steps that generate information flow between the business offices and
the production floor in an Available to Promise Enterprise,

Regardiess of the specific business driver and associated functions identified, some of the steps
described in the Make to Order example above are required to meet al business drivers. For example,
many business drivers require the business to know what the current Sate of its businessis.

B.7 Definitions

This section defines terms sometimes used in describing key business drivers.

B.7.1 Current Sate reporting

Current state reporting is a collection of information that characterizes the current activity and
conditions that exig in the manufacturing environment. This information is collected for the purpose of
decison support. This information adlows you to understand where you are in relationship to current
commitments. This information is described in the standard in the current production capability
information. Some other terms often used in current state reporting include:

¥ Production Request: Information on the current production schedule with respect to the actua
product that has been requested for production
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¥ Production Quantity: How much of the current production request has been completed
(Cumulative versus Request)

¥ Current Rate: What is the instantaneous rate of production of the product requested.

¥, Qudity: Measure of the effectiveness of production - this measurement of product qudity, yields
data, waste, loss, Yidd, Materid and Energy Baance...)

¥, Physcd Equipment Status: information on the maintenance sate of the equipment, work cells,
trains, etc. to determine the current and future availability of that equipment for the production of
the next product.

¥, Predictive maintenance: a predictive determination of when equipment will need maintenance,
and a mechanism to perform maintenance on the equipment & or before its expected error or
faluretime

¥, Preventative maintenance: performing maintenance before an error or falure occurs, and a
mechanism to perform maintenance, usualy on afixed time or run-time schedule,

¥ Inventory Status Data on materids that will impact the decison to proceed with the next
product’s production.

B.7.2 Turn-around time

Turn around timeis the time required to change a production mechanism for the purpose of producing
a different product or the same product with different characteristics. The information that will
determine the turn around timeinclude:

¥ The current state of al items and current state of the production facility
¥, Higoricd trangtion times, given the current state of the production facility
¥, Standard operating procedures required for switch over

¥, Resource requirements versus available (Labor, Materid, Equipment)

B.7.3 Campaigning

Campaigning is the planning of the execution of production based on the existing capacity, raw
materia, resources and production request. A campaign is usudly a limited run of product through the
production process. Campaigns can last from days to months depending on the products, processes,
and production requirements. Control strategy and physica process changes may accompany
campaign.

One important aspect of campaigning is letting production know the sequence of events or scheduled
runs ahead of time,
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Campaigns generdly ded with a single product, or a set of products with compatible processing or
product requirements. Campaign planning must aso address previous product characterigtics to
maximize the agility of the change.

Campaigning is addressed in the standard through production schedules and production requests.

B.7.4 New Targets

New tar gets define what to make in the next time sequence and when to gart it. Mainly an information
demand that the control system places on the enterprise for aproduction order. New targets are
handled in the standard through the production parameters in aproduction request.

The type of information required for new targets depends on the industry. New targets can be fixed
numbers in a discrete environments and can be variable values, such as tables or functions, in continuous
environments.

New targets may include the product quality characteristics

B.8 Data reconciliation

Data reconciliation is a serious issue for enterprise/contral integration. The data has to be vaid to be
useful for the enterprise system. The data must often be determined from physical measurements that
have associated error factors. This must usudly be converted into exact values for the enterprise
sysem. This converson may require manud, or intelligent reconciliation of the converted vaues.
Additiona problems occur when the type of physicd measurement, such as volume, must be used to
caculate information based on ardated vaue, such asweight. For example in the refining indudtry, the
operations floor changes the density of products, but measure by volume, then use inference to caculate
density and weight.

Systems must be setup to ensure that accurate data is sent to production and from production.
Inadvertent operator or clerical errors may result in too much production, too little production, the
wrong production, incorrect inventory, or missing inventory.
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Annex C - Discussion on Models

As noted in the Introduction to this sandard, it has long been the god of the indudtrid systems engineer
to integrate the operating units of the plant in order to be able to produce that plant’s products at
minimum unit cost and & maximum overdl profit for the company involved. Early work in this fidd was
based on plant design techniques that:

(1) closdly coupled production units,

(2) minimized in-process inventories and work in progress, and

(3) made maximum use of in-plant energy sources to supply plant energy needs.
While excdlent in initid concept, these techniques floundered because of lack of :

(1) unit coordination,

(2) dynamic response, and

(3) market sengtivity.

Lack of unit coordination is exemplified by the presence of unpredictable plant interruptions and
breakdowns in plant production processes that occur randomly in time and location thus wreaking
havoc with the productivity of such a close-coupled, low-inventory plant. Unforeseen changes in
cusomer requirements, often making obsolete an inflexible manufacturing system, characterize the lack
of dynamic reponse. A lack of market sengtivity is exhibited through limited flexibility in responding to
changes in competition, in production cogt items (such as energy and raw materids), and in regulatory
requirements, any of which can invaidate the initia optimization criteria of the plant’s design.

More recently, the trend in systems integration has been toward the use of automatic control in its
broadest sense (including dynamic control, scheduling and the closure of information loops) to integrate
al aspects of the plant’s operations including closing the information loops within the plant.  This latter
trend then dlowed the plant to compensate for the unforeseen interruptions and breakdowns in its
production processes and aso dlowed it to modify its product mix and its production rate as its
customer’s needs and degires changed. All of this mugt be done while continualy minimizing overdl
production costs to match the current plant condition. Thus we have the subgtitution of control and
management techniques for initial design procedures in an atempt to counteract the forces that
invaidated the original concept and therefore to gtill accomplish the origind gods.

It has long been known what tasks that such a system had to be able to carry out to accomplish these
gods. It has only been since the advent of the advanced computer technology thet it has been possible
to handle the enormous computational |oad involved in carrying out these functionsin real time and thus
hoping to compensate for dl of the factors affecting plant productivity and economic return.

Current technology is providing the technical capaliility to greetly facilitate the development of integrated
automated systems. These trends include: (1) digtributed, digital, microcomputer based, first leve
dynamic control systems, (2) standard redl-time programming languages and configurable programming
gysems, (3) standard high speed communications, and (4) corresponding mgor developments in
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database management techniques. These have resulted in computer systems that are able to integrate
the plant management, plant production scheduling, inventory management, individua process
optimization, and unit process control for dl the plant’s operating units trested as awhole.

However, to accomplish the design and development of such large-scde systems, the aid of overal
design and operationd standards and accompanying modes of such systems are vitaly necessary as
aso pointed out in the Introduction.

Requirementsfor the Models

It is necessary in such amodel to be able to show clearly al of the mgor operationd characteristics of
the rdationships of the functions involved in the plant management and control system. These include
the following, among others:

1

Subordination and Aggregation: Which of the functions are (a) dependent upon others for
direction (ingructions) in carrying out their assigned tasks, which of them (b) have the mgor
function of supplying information necessary for other functions to help carry out the other’'s
assigned tasks?

A prime example of subordination in Item 1(a) is those of
a.  Customer Order Processing
b.  Ovedl Production Scheduling
c. Deailed Production Scheduling
d.  Production Planning
e.  Process Control of Production Unit

A prime example of aggregation in Item 1(b) is the continued collection, averaging and
smoothing of process control operationa data to achieve the information which management
needs for overal operational management of the plant and the company.

Connectivity and Progression: How does data flow in the plant production sysem? Where
does each item of data originate; through what intermediate functions does it flow; and where
does the resullting information have its ultimate use?

Automatability and Innovation: Can the function be automated or mechanized through
electronic devices, i.e, can the function be mathematically described? Or, does the function
require innovation by a human for its ultimate successful completion?

Genericity. To the extent possible, the model developed to explain the scheduling and control
system necessary for enterprise integration studies should be generic, i.e,, it should be able to be
used to modd the control system of any factory or plant, in any industry, anywhere, if a al
possble. Each of the models presented here will be generic to the extent possible.

Semantics It is dso extremey important that the semantics or meaning of the various terms
used in describing the concepts of the model () used be interpreted by dl readersin exactly the
same way. A powerful way to accomplish this is to use an object model to accomplish the
required concept definition. Section 7.0 of this standard presents such a capability.
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A popular and effective way of illugrating Item 1(a) above in amodd is through the use of a hierarchical
layered modd, with each of the items of Item 1(a) being subordinate, or below that aboveit inthelig, in
the moddl. At the same time, the aggregation of Item 1(b) occurs naturaly, going upward in the same
layered fashion.

Unfortunately, it has not been possible to date to show dl of the required capabilities listed above in one
graphica representation of the system. Particularly difficult has been the representation of subordination
and aggregation (hierarchicad layers) and connectivity and progresson (data flow) together. Thus two
separate representations are necessary and the coordination of the resulting two forms has been difficult.

Annex D presents a mgor table (Table D-XII) that points out the coordinate between both models in
the PRM. Such a procedure appears to be necessary whenever a system is modeled from widdy
different aspects or views as occurs here.

The concepts of Automatability vs. Innovation (i.e., human input required) was handled in the PRM by
the concept of external entities. Externd entities are those functions that are not included in the
automated scheduling and control system but for which a complete data transfer interface is provided.
Thus there are enterprise functions which require human input but cannot be part of the model since the
functions involved cannot be modeled. However, they can take part in the plant integration since al
needed communications are established.

Figure C-1 illustrates the concept for the PRM. All those functions which are at the top of the dashed
line in this diagram require human involvement. Hence, they are consdered externd, but contributing,
entities in the PRM. All of those to the bottom are part of the management and control system which
can be automated.

All parts of the Purdue Reference Model for CIM that are concerned with the scope of this standard
are presented in Annex D of this standard.
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Annex D — Selected elements of the Purdue Reference M odel

This section contains selected portions the complete published version of the Purdue Reference Modell.
This annex gives abrief description of the Purdue Reference Modd. This section isincluded so thet the
models in the standard may be better understood in the context of the complete plant reference model.
Some non-pertinent sections and tables have been removed. References in the origina document have
been replaced with footnotes. The figures and tables have aso been consecutively numbered.

Figure D-4 has been modified to show a different split between the production scheduling &
management information systems and the control computation and control enforcement than in the
origind publication. The split is now shown between level 3 and 4, based on planned changes to the
Purdue modd as aresult of the SP95 andysis rather than between levels 2 and 3 of the origindl.

Generic List of Macro-Functions

The overdl gpplicability of the concepts of enterprise integration depends to a greet extent on the
development of a set of generic tasks, functions and macro functions to describe an enterprise
integration system or indeed any enterprise. The Purdue Reference Mode for CIM developed two
such ligts, one based on the Scheduling and Control Hierarchy View and another based on the Data
Flow Diagram View of the Reference Modd. It then proceeded to show the correlation of these two
goparently widdy different lists by cross-referencing the task titles used and their point of gpplication in
each view. For the sske of completeness, that materid will be reproduced here, along with
consderable related materia on the architecture.

One of the most important graphical representations is the Scheduling and Control Hierarchy View from
the Reference Modd as mentioned above. The hierarchy view that is shown in Figure D-1 categorizes
the tasks carried out by the industrial control system for a complete plant or company. Figure D-2
shows that this same diagram with modifications only for the names of the functions involved will
characterize the control tasks of ether a continuous or discrete manufacturing industry plant. Figure D-
3 expands the earlier diagrams to cover a company with multiple plants.

1 williams, T.J. Editor, A Reference Model for Computer Integrated Manufacturing (CIM), A
Description From the Viewpoint of Industrial Automation, Minutes, CIM Reference Model
Committee, International Purdue Workshop on Industriad Computer Systems, Purdue University, West
Lafayette, IN (1988) Instrument Society of American, Research Triangle Park, NC (1989). While out
of print a ISA, the complete document is available on the World Wide Web under the following URL :

http://www.pera.net/Peral PeraReferenceM odd /ReferenceM odel .html
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Oneform of generic tasksin a plant wide hierarchy

Overd| autometic control of any large modern indudtria plant regardiess of the industry concerned
involves each of the requirements ligted in Table D-1.

Thus the automation of any such indudrid plant becomes the managing of the plants information
systems to assure that the necessary information is collected and used wherever it can enhance the
plants operation - true information systems technology in its broadest sense.

Another mgor factor should also be caled to our attention here. 1t has been repeatedly shown that one
of the mgjor benefits of the use of digita computer control systems in the automation of indudtrid plants
has been in the role of a control sysems enforcer. In this mode, one of the control computer's main
tasks is to continually assure that the control system equipment is actualy carrying out the job that it was
designed to do in keeping the units of the plant production system operating a some best (near optimal)
level. That is, to be sure that in the continuous process plant, for instance, the controllers have not been
set on manud, that the optima set points are being maintained, etc. Likewisg, it is the task of dynamic
control to assure that the plant's production schedule is carried out, i.e., to enforce the task set by the
production scheduling function.

Often the tasks carried out by these control systems have been ones that a skilled and attentive operator
could have readily done. The difference is the degree of attentiveness to the task a hand that can be
achieved over the long run.

As dated earlier, dl of this must be factored into the design and operation of the control system that will
operate the plant, including the requirements for maximum productivity and minimum raw materia and
energy usage. Asthe overal requirements, both energy and productivity based, become more complex,
more sophisticated and capable control systems are necessary.

While the above tasking ligt is truly generic for any manufacturing plant - continuous or discrete - it is
necessary to rearrangeit in order to come up with a more compact set of tasks for further discussion.

Therefore, what is needed is an overdl system for any manufacturing plant which has the capabilities
shownin Table D-11.

In view of Item 2 of Table D-11, Table D-111 presents some observations of the differences in process
improvement technologies (i.e., near optimization) for continuous versus discrete optimization.

Because of the ever-widening scope of authority of each of the first three requirements in turn, they
effectively become the digtinct and separate levels of a superimposed control structure, one on top of
the other. Also in view of the amount of information which must be passed back and forth among the
above four "tasks' of control, a distributed computationa capabiility organized in a hierarchica fashion
would seem to be the logica structure for the required control system. This must be true of any plant
regardiess of the industry involved.

As just noted, a hierarchicad arrangement of the dements of a distributed, computer-based, control
system seems an ided arrangement for carrying out the automation of the industrid plant just described.
Figures D-1, D-2 and D-3 lay out one possble form of this distributed, hierarchical computer control
system for overdl plant automation.
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In the context of large industrid plants or of a complete industrid company based in one location, the
detailed tasks that would be carried out at each level of the hierarchy can be readily described. These
tasks are easlly subdivided into those related to production scheduling, control enforcement, systems

coordination and reporting, and reliability assurance (Table D-1V).
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TABLE DAl
DUTIES (FUNCTIONAL REQUIREMENTS) OF ALL INTEGRATED INFORMATION AND
AUTOMATION SYSTEMS, A GENERIC LIST

An extensive system for the automatic monitoring of a large number of different plant
variables operating over a very wide range of process operations and of process dynamic
behavior. Such monitoring will detect and compensate for current or impending plant
emergencies or production problems.

The development of a large number of quite complex, usualy nonlinear, relationships for the
trandation of some of the above plant variable values into control correction commands.

The transmission of these control correction commands to another very large set of widely
scattered actuation mechanisms of various types.

Improvement of all aspects of the manufacturing operations of the plant by guiding them
toward likely optima of the appropriate economic or operationa criteria. Results may be
applied to the control correction commands of Item 2 above and/or to the plant scheduling
functions of Item 8 below.

Reconfiguration of the plant production system and/or of the control system as necessary
and possible to assure the applicable production and/or control system for the manufacturing
Stuation at hand.

Keeping plant personnel, both operating and management, aware of the current status of the
plant and of each of its processes and their products including suggestions for dternate
actions where necessary.

Reduction of plant operationa and production data and product quality data to form a
historical database for reference by Plant Engineering, other staff functions and Marketing.

Adjusting the plant's production schedule and product mix to match its customers needs, as
expressed by the new order stream being continually received, while maintaining a high plant
productivity and the lowest practical production costs. This function must aso provide for
appropriate plant preventive or corrective maintenance functions.

Determination of and provision for appropriate inventory and use levels for raw materials,
energy, spares, goods in process and products to maintain desired production and economics
for the plant.

10

Assuring the overdl availability of the control system for carrying out its assigned tasks
through the appropriate combination of fault detection and fault tolerance, redundancy, and
fail-safe techniques.

11

Maintaining interfaces with the external entities which interact with the plant production
system such as Corporate Management; Marketing; Accounting; Corporate Research,
Development and Engineering; Externa Transportation; Suppliers and Vendors, Purchasing;
Customers; and Contractors.
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TABLE DAl
AN OVERALL PLANT AUTOMATION SYSTEM MUST PROVIDE

1 An effective dynamic control of each operating unit of the plant to assure that it is operating
a its maximum efficiency of production capability, product quality and/or of energy and
materials utilization based upon the production level set by the scheduling and supervisory
functions listed below. This thus becomes the Control Enforcement component of the
system. This control reacts directly to compensate for any emergencies which may occur in
its own unit.

2 A supervisory and coordinating system which determines and sets the local production level
of al units working together between inventory locations in order to continually improve (i.e.,
optimize) their operation. This system assures that no unit is exceeding the general area
level of production and thus using excess raw materias or energy. This system also
responds to the existence of emergencies or upsets in any of the units under its control in
cooperation with those units dynamic control systems to shut down or systematically reduce
the output in these and related units as necessary to compensate for the emergency. In
addition, this system is responsible for the efficient reduction of plant operationa data from
the dynamic control units, described just above, to assure its availability for use by any plant
entity requiring accessto it aswell asits use for the historical database of the plant.

3 An overdl production control system capable of carrying out the scheduling functions for the
plant from customer orders or management decisions so as to produce the required products
for these orders at the best (near optimum) combination of customer service and of the use
of time, energy, inventory, manpower and raw materials suitably expressed as cost functions.

4 A method of assuring the overal reliability and availability of the total control system through
fault detection, fault tolerance, redundancy, uninterruptible power supplies, maintenance
planning, and other applicable techniques built into the system'’s specification and operation.

TABLE D-lII

SOME NOTESREGARDING OPTIMIZATION (IMPROVEMENT)
OF MANUFACTURING EFFICIENCY

In discrete manufacturing optimization (improvement) is generally carried out in scheduling.

In continuous manufacturing optimization (improvement) is generadly carried out both in control and
scheduling.
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TABLE D-IV
SUMMARY OF DUTIESOF CONTROL COMPUTER SYSTEMS

l. Production Scheduling

1. Control Enforcement

I1. Plant Coordination and Operational Data Reporting

V. System Réiability and Availability Assurance

Item | of the above list (Production Scheduling) corresponds to Item 3 of the list of Table D-I1.

Item I of the above list corresponds to much of Items 1 and 2 of the list of Table D-II.

Items Il and IV of the above list require the cooperative operation of al items of the list of Table D-11.
The Plant Coordination part comprises the detailed interpretation and expansion of the overall Production
Schedule of Item 3 of Table D-11.

It is our contention that such lists can outline the tasks that must be carried out in any indudtrid plant,
particularly at the upper levels of the hierarchy. Details of how these operations are actudly carried out
may vary dragticaly, particularly a the lowest levels, because of the nature of the actua process being
controlled. We dl recognize that a distillation column will never ook like or respond like an automobile
production line. But the operations themselves remain the same in concept, particularly at the upper
leves of the hierarchy.

Thusiit is our further contention that despite the different nomenclature in different industries the mgor
differences in the control systems involved is concentrated in the detals of the dynamic control
technologies used a Levd 1 and the details of the mathematicd mode s used for optimization at Leve 2.

The differences are thus concentrated in the details of the control and operation of the individua
production units (the gpplication entities) of the factory. Commondity isin the support functiond entities
(computationa services, communications, database technology, management structure, etc.). Sensing
and communication techniques are exactly the same in both sysems. The same optimization dgorithms
can be used. Computer systems technology and programming techniques should be the same and
production scheduling technology should be identical to name only afew.
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Thus the duties of the hierarchical computer system can be established as outlined in Table DIV and in
Figure D-4. Therefore Levels 1 and 2 will concentrate on performing Task |1 of Table D-1V, Levels 3
and 4 will carry out Task | and dl will be involved in assuring the implementation of Task 111 and the
integrity of Task IV, overdl rdigbility and availability.

Possibilities of mgor reduction in the costs, development manpower effort, and time required to
produce an integrated industrial control system then devolves upon the factorslisted in Table D-V.
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TABLE D-V
POTENTIAL FACTORSFOR FACILITATING INTEGRATED
CONTROL SYSTEM DEVELOPMENT AND USE

1. Potentiad commonality of control system structure in terms of the:

A. Computer systems,

B. Communications systems,

C. Database organization,

D. Rdationship to plant management and operational structure (personnel).
2. Commondlity of the techniques of application of:

A. Software engineering and programming,

B. Communications

C. Database management,

D. Control systems engineering

E. Production scheduling

F. Operations research and optimization
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TABLE D-VI
REQUIRED TASKSOF THE INTRACOMPANY MANAGEMENT INFORMATION SYSTEM
(LEVEL 4B OF FIGURE D-10R 2 OR LEVEL 5OF FIGURE D-3)

1. System Coordination and Reporting
1. Maintain interfaces with:
A) Plant and company management
B) Sales and shipping personnel
C)  Accounting, personnel and purchasing departments
D)  Production scheduling level (Level 4A)
2. Supply production and status information as needed to:
A)  Plant and company management
B) Sdes and shipping personnel
C)  Accounting, personnel and purchasing departments
D)  Thisinformation will be supplied in the form of:
1) Regular production and status reports
2) Onineinquiries
3. Supply order status information as needed to sales personnel
IV. Rdiability Assurance
4. Perform self-check and diagnostic checks on itself

Note: 1. There are no production scheduling or control actions required at this level.
Thislevel is solely for use as an upper management and staff level interface.

2. Roman numera subdivisions of Tables D-VI to D-X correspond to the same
headingsin Table D-IV.
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TABLE D-VII
DUTIES OF THE PRODUCTION SCHEDULING
AND OPERATIONAL MANAGEMENT LEVEL (LEVELS4A OR 5A)

l. Production Scheduling

1
2.

Establish basic production schedule

Modify the production scheduling for al units per order stream received, energy
constraints, power demand levels, and maintenance requirements.

In coordination with required production schedule develop optimum preventive
maintenance and production unit renovation schedule.

Determine the optimum inventory levels of raw materials, energy sources, spare
parts, etc., and of goods in process at each storage point. The criteria to be used
will be the trade-off between customer service (i.e., short delivery time) versus the
capital cost of the inventory itself, as well as the trade-offs in operating costs versus
costs of carrying the inventory level. This function will aso include the necessary
materia requirements planning (MRP) and spare parts procurement to satisfy the
production schedule planned. (Thisis an off-line function.)

Modify production schedule as necessary whenever magjor production interruptions
occur in downstream units, where such interruptions will affect prior or succeeding
units.

I11.  Plant Coordination and Operational Data Reporting

6.

10.

11

12.

Collect and maintain raw materia and spare parts use and available inventory and
provide data for purchasing for raw materia and spare parts order entry and for
transfer to accounting.

Collect and maintain overall energy use and available inventory and provide data for
purchasing for energy source order entry and for transfer to accounting.

Collect and maintain overall goods in process and production inventory files.
Collect and maintain the quality control file.

Callect and maintain machinery and equipment use and life history files necessary
for preventive and predictive maintenance planning.

Callect and maintain manpower use data for transmittal to personnel and accounting
departments.

Maintain interfaces with management interface level function and with area level
systems.

IV. Rédiability Assurance

13.

Run self-check and diagnostic routines on self and lower level machines.

Note: There are no control functions as such required at this level. This levd is for the

production scheduling and overal plant data functions.
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TABLE D-VIII
DUTIESOF THE AREA LEVEL (LEVEL 3)

I. Production Scheduling

1

Edtablish the immediate production schedule for its own area including maintenance,
transportation and other production related needs.

Locdly optimize the costs for its individua production area while carrying out the production
schedule established by the production control computer system (Level 4A) (i.e,, minimize
energy usage or maximize production for example).

Along with Levd 4A modify production schedules to compensate for plant production
interruptions which may occur in its area of responsibility.

I11. System Coordination and Operational Data Reporting

4.
5.
6.

10.

Make area production reports including variable manufacturing costs.
Use and maintain area practice files

Collect and maintain area data queues for production, inventory, and manpower, raw
materials, spare parts and energy usage.

Maintain communications with higher and lower levels of the hierarchy.

Operations data collection and off-line analysis as required by engineering functions including
satistical quality analysis and control functions.

Service the man/ymachine interface for the area.
Carry out needed personnd functions such as.
A)  Work period statistics (time, task, etc.)
B)  Vacation schedule

C)  Work force schedules

D)  Union line of progresson

E) In-house training and personnel quaification

IV. Rdiability Assurance

11

Note:

Diagnogtics of self and lower level functions

No contral actions are required here. This level handles detailed production scheduling and
area coordination for the mgjor plant subdivisons.
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TABLE D-IX
DUTIESOF THE SUPERVISORY LEVEL (LEVEL 2)

[1.  Control Enforcement
1. Respond to any emergency condition which may exist in its region of plant cognizance.

2. Optimize the operation of units under its control within limits of established production
schedule. Carry out al established process operational schemes or operating practices in
connection with these processes.

I11.  System Coordination and Operational Data Reporting

3. Collect and maintain data queues of production, inventory, and raw material, spare parts and
energy usage for the units under its control.

4.  Maintain communications with higher and lower levels

5. Service the man/machine interfaces for the units involved
IV. Rdiability Assurance

6.  Peform diagnostics on itsalf and lower level machines

7.  Update all standby systems

Note: This level and those below it carry out the necessary control and optimization functions for the
individual production units to enforce the production schedule set by Levels 4A and 3.
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TABLE D-X
DUTIESOF THE CONTROL LEVEL (LEVEL 1)

Control Enforcement

1. Maintain direct control of the plant units under its cognizance.

2. Detect and respond to any emergency condition which may exist in these plant units.
System Coordination and Reporting

3. Callect information an unit production, raw materiad and energy use and transmit to higher
levels.

4.  Service the operator's man/machine interface.
Reliability Assurance

5. Peform diagnostics on itself

6.  Update any standby systems

Notes: It has repeatedly been shown that one of the mgor benefits of the use of digital computer

control systems in the automation of industrial plants has been in the role of a Control Systems
Enforcer. In this mode, one of the control computer's main tasks is to continually assure that
the control system equipment is actudly carrying out the job that it was designed to do in
keeping the units of the plant production system operating at some best (near optimal) level.

That is, to be sure that in the continuous process plant, for instance, the controllers have not
been set on manual, that the optimal set points are being maintained, etc. Likewisg, it is the
task of dynamic control to assure that the plant's production schedule is carried out, i.e., to
enforce the task set by the production scheduling function.

In the Purdue Reference Modd definition there are no Informational Transformations at
Levd O.

Sensors determine the state of the physical equipment or the materia being transformed
therein. All operations on the resulting data are informational. Sensor outputs are considered
part of Level 1.

Actuators are considered part of Level 0 - commands to them are considered Level 1.
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Tasks of each level of the hierarchy

In the context of any large industrid plant, or of a complete industrid company based in one location,
the tasks that would be carried out at each level of the hierarchy are as described in Tables D-VI to D-
X. Note that these tasks are subdivided within each table into those related to production scheduling,
control enforcement, systems coordination and reporting, and rdligbility assurance (Table D-1V). As
was mentioned above, these tables outline the tasks which must be carried out in any industrid plant,
particularly at the upper levels of the hierarchy.

Figures D-5 to D-10 show the application of the Scheduling and Hierarchy View to a variety of
industries showing aso tha the computer control system discussed here is pyramidd as wel as
hierarchica. Figure D-10 is an entirdy different gppearing diagram as origindly developed by the
Cincnnati-Milacron Company. However with the current CIM hierarchy levels imposed it can be
readily seen that this diagram converts directly to the others.

Figures D-5 to D-10 dso bring out an important aspect of this modd in relation to those proposed by
some other developers, that is, inventories and associated materiad handling equipment in relation to the
manufacturing processes themselves are treated just like any other process. Thus they are considered
to have process control inputs and outputs and their dynamic behavior can be modded mathematically
in order to develop the appropriate overdl control system for the functions served by the inventory and
its associated materid handling equipment.

The Data-flow graph, a Functional Network View of the CIM Reference M odel

There is need in the Reference Architecture to have a mechanism to show the interconnection and
precedence of the severa tasks assgned to the overall mill-wide control system which is not shown by
the Scheduling and Control Hierarchy view. An excellent method for showing this is the so-called
Data-Fow Graph or Information-FHow Graph using a technique known as Structured Andysist, aso
known as the Y ourdon-DeMarco technique.

This section will develop such a representation as derived from the CIM Reference Modd. The basis
for this work will be a DataFlow Modd entitled, Information Flow Mode of Generic Production
Facility, contributed to the Purdue Reference Modd for CIM project by The Foxboro Company in
August 19862. The origind document has been considerably modified by the Workshop CIM
Committee to match the nomenclature, etc., of other parts of the model's documentation.

As noted above this method diagrams the interconnection of the severa tasks carried out by the control
system and alows the potential for an ever greeater detailing of these tasks in the form of sub-tasks and
the resulting interconnections of these sub-tasks with each other and the main tasks. These diagrams
are redricted to the model as defined in the Purdue Reference Modd for CIM (i.e, the definable
scheduling and control system for the manufacturing facility and including only interfaces to the externd

1 DeMarco, T., Sructured Analysis and System Specification, Yourdon Press — Prentice Hall,
Englewood Cliffs, NJ (1979)

2 Pampd, Albert, Information Flow Model of a Generic Production Facility, The Foxboro
Company, Foxboro, MA (1986)
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influences), i.e, the Integrated Information Management and Control System of Figure D-11 and the
Information Systems Architecture of this text.

The st of diagrams begins with the interconnection of the influencing externd entities on the factory itself
(Figure D-12). In the present model one very important externd influence on the factory is the
company management itsaf. As noted in Figure D-13 management interfaces through the saff
departments who provide services to the factory itsdlf or express management's policies in sets of
requirements to be fulfilled by the factory.

It will be immediately noticed by the reader that the two ligts of tasks and functions we are developing
here look entirdly different even though each is a complete ligting within itsdlf. This is because these two
different models of the Information Architecture show different ones of the task and function
relaionships. The Scheduling and Control Hierarchy shows subordination, precedence, time horizon
and span of control, while the Data Flow Diagram shows connectivity and precedence. Thus since
there is no layering in the Data Flow diagram (subordination) and no connectivity in the Scheduling and
Control hierarchy their views of the tasks and functions are greetly different. This results in a different
definition of each task in many cases particularly because of a difference in span of concern. Therefore
the description and labels may be (and are) different between the two models.

Table D-XI presents the functions and tasks listed on the diagrams of Figures D-16 to D-28. Table D-
XI1 makes a comparison of the tasks listed in Tables D-V1 to D-X versus those on Figures D-16 to D-
28 as discussed just above.
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INDIVID UAL
@) COLUMN
CONTROL
NORMAL COMMUNICATION PATH
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FIGURE D-9 THE HIERARCHY CONTROL SCHEME ASAPPLIED TO A
PHARMACEUTICALS PLANT

CE NTRAL LEVEL 4
DATA
BASE \
PROCES S PRODUCTION
PLANNING SCHEDULING
SYSTEM
CONTROL
SHOP
COORDINATOR LEVEL3
LEVEL 2
SHOP
DNC MO NITORING | | MAINTENANCE COMMUNI-
CATION
COMPUTER
controtten || COuRoL e
LEVEL1 FUNCTIONAL CELLULAR M anine ASSEMBLY
SHOP MANUFACTURING VA SYSTEM

MANUFACTURING SERVICES
STORAGE AND RETRIEVAL
WORK PREPARATIO N
MATERIAL HANDLING

FIGURE D-10 COMPUTER INTEGRATED MANUFACTURING SYSTEM (CIMS)
(CINCINNATI-MILICRON PROPOSAL)
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TABLE D-XI

INFORMATION FLOW MODEL OF GENERIC PRODUCTION FACILITY MINI-SPECS
(DEFINITION OF FUNCTIONS)

FIRST ORDER ENTITY DIVISIONS
0. FACILITY MODEL CONTEXT - Figure D-16
External Entities
Marketing and Sales
Corporate R. D. & E.
Supplier
Vendor
Customer
Transport Company
Accounting
Purchasing

1. ORDER PROCESSING - Bubble 1 of Figure D-16 and Figure D-17
Customer order handling, acceptance and confirmation
Sales forecasting
Waiver and reservation handling
Gross margin reporting
Determine production orders

2. PRODUCTION SCHEDULING - Bubble 2 and Figure D-18
Determine production schedule
Identify long term raw material requirements
Determine packout schedule for end products
Determine available product for sales

3. PRODUCTION CONTROL - Bubble 3 and Figure D-19
Control of transformation of raw materials into end product in accordance with production schedule and production standards
Maintenance of processing equipment
Plant engineering and updating of process plans, etc.
Issue requirements for raw materials
Produce reports of performance and costs
Evaluate constraints to capacity and quality
Self test and diagnostics of production and control equipment

4. MATERIALS AND ENERGY CONTROL - Bubble 4 and Figure D-23
Keep stock of raw materials
Reorder raw materials according to production Requirements
Accept delivery of raw materials, request QA tests and release for utilization after approval
Reporting on RM and energy utilization
Reporting on RM inventory to production

5. PROCUREMENT - Bubble 5 and Figure D-24
Place orders with suppliers for RM supplies, spare parts, tools, equipment and other required materials
Monitor progress of purchases and report to requisitioners
Release incoming invoices for payment after arrival and approval of goods

6. QUALITY ASSURANCE - Bubble 6 and Figure D-25
Testing and classification of incoming material and end products
Set standard for production QA in accordance with market and technology requirements
Assist production with exceptional and effective QA tests

7. PRODUCT INVENTORY - Bubble 7 and Figure D-26
Keep stock of produced end products
Make reservation for specific product on list in accordance with product selling directives
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Pack-out end product in accordance with schedule

Report on inventory to production scheduling

Report on balance and losses to product cost accounting

Arrange physical loading/shipment of goods in coordination with product shipping administration
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TABLE D-XI (Continued)

COST ACCOUNTING - Bubble 8 and Figure D-27
Calculate and report on total product cost

Report cost results to production for adjustment
Set cost objectives for production

PRODUCT SHIPPING ADMINISTRATION - Bubble 9 and Figure D-28

Organize transport for product shipment in accordance with accepted orders requirements
Negotiate and place orders with transport companies

Accept freight items on site and release material for shipment

Prepare accompanying documents for shipment (BOL, customs clearance)

Confirm shipment and release for invoicing to general accounting

Report on shipping costs to product cost accounting

(10.0 MAINTENANCE (Defined as a FIRST ORDER ENTITY in the S95 model)

SECOND-ORDER ENTITY SUBDIVISIONS

11

1.2

13

1.4

15

21

2.2

2.3

PRODUCTION FORECASTING (LONG RANGE) - Bubble 1.1, Figure D-17

The orders expected within the next period of time are predicted

The prediction is based on the sales history and function of the market expectation

Forecasting makes use of the traditional statistical techniques (smoothing, seasonal indices, etc.)

The forecasting period is set by the confidence of market expectations

Market expectations are influenced by outside factors, e.g., economical or political situation, or by inside factors, e.g., long term
contracts, production problems

HISTORIAN - Bubble 1.2 , Figure D-17
Create and update a sales history file with clarification of product, customer, shipping method

ORDER ENTRY - Bubble 1.3, Figure D-17

Main interface with customer for inquiries and orders
Supply product price and availability

Handle order entry and amendments

Give confirmation and progress of entered orders

PRODUCTION ORDER - Bubble 1.4, Figure D-17
Based on active and forecasted orders determine the required production

ORDER ACCEPTANCE - Bubble 1.5, Figure D-17

Handle the acceptance for delivery of entered orders

Acceptance is based on ability to manufacture and availability of product customer credibility is checked

In specific cases the product specifications can be waived in accordance with marketing policies to ratify a particular customer or
market need

PROCESS PRODUCTION ORDERS - Bubble 2.1, Figure D-18

Produce detailed production requirements from sales production orders

Highlight specification requirements for non-standard requests

Produce production order entry in scheduling file and append shipment requirements

BALANCE IN PROCESS AND PRODUCTION INVENTORY - Bubble 2.2, Figure D-18
Identify ordered quantities against produced products and initiate packout of specific shipments
Identify availability of on-hand product

Highlight variance in production schedule

Maintain capacity estimates for production facility in terms of products

PRODUCTION FORECASTING (SHORT TERM) - Bubble 2.3, Figure D-18

From existing production orders and known capacity, produce specific schedule entries for production rates and specifications
Set long term raw material order rates to meet production schedule

Produce along term forecast report
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TABLE D-XI (Continued)

2.4

31

3.2

3.3

3.4

4.1

4.2

4.3

4.4

4.5

4.6

PRODUCTION SCHEDULING - Bubble 2.4, Figure D-18

Produce formal production schedule

Modify production schedule to account for production variances and interruptions
Modify production schedule to account for inventory and shipments

PROCESS SUPPORT ENGINEERING - Bubble 3.1, Figure D-19; Figure D-20
Issue request for modification or maintenance

Coordinate maintenance and engineering activities

Provide technical standards and methods to maintenance function

Follow-up on equipment and process performance

Provide technical support to operators

Follow-up on technological developments

Provide specifications for purchase order requests

MAINTENANCE - Bubble 3.2, Figure D-19; Figure D-21 (10.0 in the S95 Model)

Provide maintenance for existing installations

Provide preventative maintenance program

Provide equipment monitoring program to anticipate Failure including self-check and diagnostic programs
Place purchase order request for materials and spare parts

Develop maintenance cost reports

Coordinate outside contract work effort

OPERATIONS CONTROL - Bubble 3.3, Figure D-19; Figure D-22
Supervise the operations of production process

Keep track and report on production cogs and performance

Interpret the production plan in terms of the setpoints to individual units
Diagnostics and self-check of production and control equipment

OPERATIONS PLANNING - Bubble 3.4, Figure D-19

Set up adaily production plan as function of the production schedule

Check schedule against raw material availability and product storage capacity

Determine percent of capacity status

Modify production plan hourly to account for equipment outage, manpower and raw materials availability

MATERIAL AND ENERGY REQUIREMENT CONTROL - Bubble 4.1, Figure D-23

Determine supplier of new materials based on short and/or long term requirements from planning or manufacturing taking
existing inventory into account

Set up transfers of materials and energy to manufacturing

Issue purchase request for new material and energy supplies

Notify incoming material and energy control on expected incoming orders

OPTIMUM MATERIAL AND ENERGY INVENTORY LEVELS - Bubble 4.2, Figure D-23
Continuously calculate and report inventory balance and losses of RM and energy utilization

INCOMING RAW MATERIAL AND ENERGY CONTROL - Bubble 4.3, Figure D-23
Receive incoming material and energy supplies and request QA tests

Transfer material and energy to storage and/or classify for use after QA approval
Notify purchasing of accepted material and energy supplies to release payment

RAW MATERIAL AND ENERGY ROUTING - Bubble 4.4, Figure D-23
Set up and monitor the movement of material and energy in storage
Update inventory of all movements and changes

RAW MATERIAL AND ENERGY INVENTORY REPORTING - Bubble 4.5, Figure D-23
Reporting of inventory to production

RAW MATERIAL AND ENERGY MOVEMENT CONTROL - Bubble 4.6, Figure D-23
Control and monitor transfer of materials
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47

DRAW MATERIALS AND ENERGY MEASUREMENT VALIDATION - Bubble 4.7, Figure D-23

See 3.34

| SA-dS95.01- 1999, Draft 14

122

Copyright © 1999 ISA




TABLE D-XI (Continued)

51

5.2

53

6.1

6.2

6.3

6.4

6.5

6.6

6.7

7.1

7.2

7.3

ORDER PLACEMENT - Bubble 5.1, Figure D-24

Order preparation for raw materials, spare parts, etc., for presentation to the vendors based on procurement contracts negotiated
by company purchasing

Updating of vendor library and purchasing files of vendors performance on orders

PROCESS REQUESTS - Bubble 5.2, Figure D-24
Collection and processing of unit requests for raw materials, spare parts, etc., for order placement to vendors
Checking of requests for those materials versus historical files and budgets to assure correctness of requests

COST CONTROL - Bubble 5.3, Figure D-24
Certification of invoices on raw materials and spare parts based on satisfactory receipt of requested materials or parts

SET STANDARDS AND METHODS - Bubble 6.1, Figure D-25
Issue standards to manufacturing and testing laboratories in accordance with requirements from technology, marketing and
customer services

RAW MATERIALS EVALUATION - Bubble 6.2, Figure D-25
Testing of incoming raw materials and approval for use if in accordance with set standards
Collect and maintain quality control file for data for quality control analysis

EVALUATION OF PRODUCT - Bubble 6.3, Figure D-25
Test of final product and report results to classification
Collect and maintain quality control file for data for quality control analysis

CLASSIFICATION AND CERTIFICATION - Bubble 6.4, Figure D-25

Classify quality and properties of end product in accordance with set marketing standards
Waiver classification on exceptional basis as per request from product selling

Report QA results and classification to finished product inventory control

Certify that product was produced according to standard process conditions

Report process data and certification to finished product inventory control

QA MEASUREMENT VALIDATION - Bubble 6.5, Figure D-25

Checking of product data versus customer's requirements and statistical quality control routines to assure adequate quality before
shipment

Maintenance of quality statistics on each item checked for continuing quality control studies.

LABORATORY AND AUTOMATIC ANALY SIS - Bubble 6.6, Figure D-25
Conduct of metric, chemical and physical tests on sample product items to obtain data for on-going quality control tests
Transmission of this data to analysis facilities and quality control systems to assure future quality of product

ANALYZE PROCESS CAPABILITY - Bubble 6.7, Figure D-25

Use SQC methodology to examine product data to determine process capability of meeting product specifications
Relay process deviations to process engineering for reevaluation to upgrade process

Relay methods deviation to standards and methods group for corrective action

INVENTORY SUPERVISION - Bubble 7.1, Figure D-26

Coordinate all activities in product inventory control

Set up transfers of material to packing unit in accordance to packout schedule
Request replenishment of packing materials

Handle reservations and update inventory accordingly

LOSS CONTROL - Bubble 7.2, Figure D-26
Continuously calculate and report on inventory balance and losses

INVENTORY REPORTING - Bubble 7.3, Figure D-26
Generate daily, weekly ... reports on actual amounts of materials in storage
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TABLE D-XI (Continued)

7.4

7.5

7.6

7.7

8.1

8.2

8.3

8.4

9.1

9.2

9.3

9.4

9.5

9.6

PRODUCT SHIPPING - Bubble 7.4, Figure D-26
Set-up and monitor transfers of products to customer in accordance with requirements from shipping administration
Report confirmation of shipment for release of invoicing

PRODUCT ROUTING - Bubble 7.5, Figure D-26
Set-up and monitor the routes of product transfer and update inventory on changes

PHY SICAL PRODUCT MOVEMENT CONTROL - Bubble 7.6, Figure D-26
See 4.6

INVENTORY MEASUREMENT VALIDATION - Bubble 7.7, Figure D-26
See 3.34

COSTS BALANCING AND BUDGET - Bubble 8.1, Figure D-27
Establishment of criteria and tests to assure that operational budget is being followed
Collection of raw material, labor, energy and other costs for transmission to accounting

RAW MATERIAL AND PARTS COSTS (ACCOUNTS PAYABLE) - Bubble 8.2, Figure D-27
Collection of cost data on all raw materials and spare parts in inventory or procured for the plant

PRODUCT INCOME (ACCOUNTS RECEIVED) - Bubble 8.3, Figure D-27
Collection of data of product shipped or in inventory
Release invoice data to cost accounting at standard cost

PRODUCTION COSTS - Bubble 8.4, Figure D-27
Collection of data on costs of production in the plant - labor, energy, raw material usage, spare parts usage, etc.

SHIPMENT SCHEDULING - Bubble 9.1, Figure D-28
Classify accepted order and produce shipping schedule

SHIPPING COSTS - Bubble 9.2, Figure D-28
Calculate and report cost of shipping

SHIPMENT CONFIRMATION - Bubble 9.3, Figure D-28
Update shipping schedule to indicate that shipping has been done and configuration of shipments

RELEASE FOR INVOICING - Bubble 9.4, Figure D-28
Notify accounting of shipment in order to release invoice

RELEASE SHIPMENT - Bubble 9.5, Figure D-28
Send information for shipment to product shipping

PREPARE SHIPPING DOCUMENTS - Bubble 9.6, Figure D-28
Issue bill of lading, customer clearance, documents that are required with shipment
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TABLE D-XI (Continued)

THIRD-ORDER ENTITY SUBDIVISIONS

311

3.1.2

3.1.3

3.1.4

3.15

3.1.6

3.1.7

3.1.8

321

3.22

PROJECT MANAGEMENT - Bubble 3.1.1, Figure D-20
Management of engineering function

Coordination of equipment and process modification
Cost and progress reporting

Project planning

Design follow-up with corrective action

EQUIPMENT AND PROCESS DESIGN MODIFICATION - Bubble 3.1.2, Figure D-20
Establish design basis of new project

Supply necessary information to allow cost estimating

Report and Coordinate Specialists' Assistance

Provide Technical Information to Operators

ENGINEERING SPECIALISTS - Bubble 3.1.3, Figure D-20

Provide support and advice in special area

Follow-up on state of the art in technology

Assess plant process and equipment performance

Adjust standards and methods to needs and progress

Monitor the interpretation of design basis during detailed engineering

STANDARDS AND METHODS - Bubble 3.1.4, Figure D-20
Establish standards for process equipment, design techniques and process operational methods (practice files)
Promulgate such standards within the process support engineering functions and within the operational groups of the factory

PROJECT COST CONTROL - Bubble 3.1.5, Figure D-20
Provide cost estimates of planned projects
Follow-up and report on costs of projects in execution

PROCESS ANALY SIS AND PROJECT DETAILED ENGINEERING - Bubble 3.1.6, Figure D-20

Conduct plant performance studies

Provide details for the construction of equipment or process modification project in accordance to design basis
Issue report for ordering of new equipment

Issue specifications to vendor

Report on engineering and committed equipment costs

EQUIPMENT MODIFICATION CONSTRUCTION - Bubble 3.1.7, Figure D-20
Provide for construction of project
Report on cost and labor

DRAFTING DOCUMENTATION - Bubble 3.1.8, Figure D-20

Maintain master copies of all plant drawings for units under its cognizance
Responsible for updating drawings and associated documentation as units are modified
Supply copies as needed

MAINTENANCE PLANNING - Bubble 3.2.1, Figure D-21
Organization and supervision of requested maintenance
Reporting on performed maintenance

Coordinate planned work with operators and plant supervision
Monitor and update maintenance history file

MAINTENANCE COST CONTROL - Bubble 3.2.2, Figure D-21
Follow-up on used spare parts, report maintenance labor and report on maintenance costs
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TABLE D-XI (Continued)

3.2.3

3.2.4

3.25

331

3.32

3.33

3.34

3.35

3.3.6

SPARE PARTS - Bubble 3.2.3, Figure D-21
Supervise spare parts warehouse

Supply necessary parts to maintenance crews

Report on inventory to planning for reordering
Report to cost control on used parts

Accept and control new delivered parts from vendors

MAINTENANCE CREW SUPERVISION - Bubble 3.2.4, Figure D-21
Perform requested maintenance work

Supervise and coordinate with outside contractors

Report on technical activitiesto files

Report on installation and equipment performance to engineering

DOCUMENTATION - Bubble 3.2.5, Figure D-21
See Item 3.1.8

OPERATIONS SUPERVISION - Bubble 3.3.1, Figure D-22
Set objectives for process operation

Supervise people in operation of the process and equipment
Deal directly in the resolution of exception conditions
Issue modification or maintenance requests

Set and report production capacity limits

Monitor and report on production cost and performance

OPERATIONS COST CONTROL - Bubble 3.3.2, Figure D-22
Calculate total operating costs

Maintain short term economic balances of energy and materials
Capture maintenance and engineering costs chargeable to operations

PHY SICAL PROCESS CONTROL - Bubble 3.3.3, Figure D-22
Stabilize process variables to defined operating setpoints
Alarming of operating variables for exceptional conditions
Maintain operation against constraints or at specifications
Response to operators and process engineers requests
Response to emergencies

OPERATIONAL MEASUREMENT VALIDATION - Bubble 3.3.4, Figure D-22
Assess the validity of the measurements for further use within their limits of confidence
Tag measurement data with quality and time

EQUIPMENT MONITORING - Bubble 3.3.5, Figure D-22
Assess the operating performance and limits of process equipment
Alarming of equipment status variables against constraints
Indicate performance against expected equipment life cycles

PRODUCTION BALANCING AND OPTIMIZATION - Bubble 3.3.6, Figure D-22
Optimization of production process to set objectives within equipment constraints
Maintain material and energy balance to indicate exceptional conditions

Perform performance tests where necessary to determine capacity

Monitor product quality against specifications and standards
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MODEL PRESENTS NEEDED
INTERFACES HERE

EXTERNAL INFLUENCES

A

STATUS AND HISTORY 1 REQUIREMENTS SALES

INFORMATION ORDERS PLANS
v
INTEGRATED
INFORMATION EOUNDATION
MANAGEMENT AND
SCHEDULING AND AUTOMATION SYSTEM EE?S.E;NAL
CONTROL HIERARCHY -
(THE PRESENT CIM MANUFACTURING
REFERENCE MODEL SPECIFIC FUNCTIONAL
COMPRISES THIS PART ONLY) ENTITIES s
A 2z v
SENSOR ACTUATION >. 395
< o}
READIINGS COMMANDS d5>
h 4 m=d
LEVEL 0 MANUFACTURING AND PLANT -z
MATERIAL HANDLING PRODUCTION
EQUIPMENT MEDIA ENTITIES /

FIGURE D-11 RELATIONSHIP OF THE SEVERAL CLASSES OF FUNCTIONAL ENTITIES
WHICH COMPROMISE THE CIM REFERENCE MODEL AND COMPUTER INTEGRATED
MANUFACTURING ITSELF

INFORMATION FLOW MODEL OF GENERAL
PRODUCTION FACILITY

MARKETING
& SALES SERVICES (E.G.
CONTRACTORS,
CORRFI’DO;»ETE TRANSPORTATION,
’ JANITORIAL, COMPANIES,

ETC.)

SUPPLIERS FACILITY
AND VENDORS (0 LEVEL) ACCOUNTING
PURCHASING (E.G. CUSTOMER
SUPPLIERS, (ORDERS,
CONTRACTORS, REQUIREMENTS
ETC.) ,ETC.)
HUMAN
RESOURCES
MANAGEMENT

FIGURE D-12 MAJOR EXTERNAL INFLUENCES ASUSED IN THE DATA FLOW MODEL
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EXTERNAL

Corporate

Management

ENTITIES geme
Policies
Marketing
Purchasing RD&E and Human Accounting
Resources
Sales
. Manu- .
Vendor Know Require- Man- facturing Requirements
| Contracts How ments il Power 4 Policies v

FACTORY LEVEL 0.0

FIGURE D-13 REQUIREMENTS INTERFACING OF CORPORATE MANAGEMENT
AND STAFF FUNCTIONAL ENTITIES TO THE FACTORY

* In succeeding diagrams, personnel
requirements are all pervasive and
can not be specifically shown. They are
collectively address here

Corporate
Management

A
1 Corporate

Performance Reporting
A

EXTERNAL 1 ! ! ‘:DperationaI‘
ENTITIES Performancq
Reports
Marketing H
Purchasing RD&E and uman Accounting
Resources
Sales
y A A A A
Raw Material Request for Status of Manpower Cost
Energy, and Information, production | performance reporting

Spare Parts plant tests, orders data and
Orders and projects requirements*

FACTORY LEVEL 0.0

FIGURE D-14 REPORT INTERFACING TO CORPORATE MANAGEMENT
AND STAFF FUNCTIONAL ENTITIES FROM THE FACTORY
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REGULATIONS
GOVERNMENTAL
REQUIREMENTS (SAFETY
REGULATIONS, ETC)

CORPORATE
RD&E

A 4

FACTORY LEVEL 0.0

FIGURE D-15 INTERFACE OF GOVERNMENT REGULATIONS, ETC,,
TO THE FACTORY
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INFORMATION FLOW MODEL OF
GENERIC PRODUCTION FACILITY

o CUSTOMER
MARKETING

AND SALES

PRODUCTION
FORECASTING
(LONG
RANGE)
1.1

RoER conpRMETON

ACTIVE FILE

FOLDER
SALES
HISTORY

ORDER
ACCEPTANCE

PRODUCTION
ORDER

oM ORDERS 14

(2.0}

FIGURE D-17 1.0 ORDER PROCESSING
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PROCESS
PRODUCTION
ORDERS

PRODUCTION
SCHEUDLING

(1.0)

PRODUCTION

FORECASTING IN PROCESS PACKOUT ORDER
(SHORT TERM) EPRODUCT
2.3

 SCHEDULE
(7.0)

INVENTORY

¢
= x
g
Z (7.0)
(4.0) o
FIGURE D-18 2.0 PRODUCTION SCHEDULING
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TABLE D-XII

CORRELATION OF INFORMATION FLOW TASKSWITH THE TASKSOF THE SCHEDULING AND
CONTROL HIERARCHY

Data Flow Diagram Listing

Scheduling and Control Hierarchy Listing

Figure No. and Location

Title

Table No. and Entry

Title

Figure D-16 Order Processing Table D-VI, D-VII Production Scheduling
Task 1.0 Item 1(2)
Figure D-16 Production Scheduling Table D-VI, D-VII, D-VII Production Scheduling
Task 2.0 Item 1(1-3,5)
Table D-VI, D-VII, D-VIII Same
Item 1(1,3)
Figure D-16 Production Control Table D-VI, D-VII, D-VIII Area Optimization
Task 3.0 Item 1(2)
Table D-1X Control Enforcement
Item Il
Table D-X Same
Item Il
Figure D-16 Raw Materia Control Table D-VI, D-VII Optimum Inventory Levels
Task 4.0 Item [ (4)
Item 11 Procurement Order Entry
(6.7
Figure D-16 Procurement Table D-VI, D-VII Procurement Order Entry
Task 5.0 Item 111 (6,7)
Figure D-16 Quality Assurance Table D-VI, D-VII, D-VIII Quality Control File
Task 6.0 Item [11(9)
Table D-VI, D-VII, D-VIII Statistical Quality Analysis
Item I11(8) and Control Functions
Figure D-16 Product Inventory Control Table D-VI, D-VII Optimum Inventory Levels
Task 7.0 Item [ (4)
Item I11(8) Goods in Process | nventory
Figure D-16 Product Cost Accounting Table D-VI, D-VII Production and Raw
Task 8.0 Item [11(6-8) Material, Energy Source and
Spare Parts Use Data Plus
Table D-VI, D-VII, D-VIlI Inventory Data
Item 111(4,6)
Table D-X Same
Item [11(3) Same
Table D-X Same
Item 111(3)
Figure D-16 Product Shipping Adm. Teble D-VI Product Inventory and
Task 9.0 Item 111(1B,2B) Production Status and Data
Table D-VI, D-VII, D-VIII Same
Item 111(8)
Figure D-17 Production Table D-VI, D-VII, D-VIII Basic Production
Task 1.1 Forecasting Item | (1) Scheduling
Figure D-17 Historian Table D-VI, D-VII, D-VIII Basic Production
Task 1.2 Item | (1) Scheduling
Figure D-17 Order Entry Table D-VI, D-VII, D-VIII Basic Production
Task 1.3 Iltem | (1) Scheduling
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Figure D-17 Production Order Table D-VI, D-VII, D-VIlI Basic Production
Task 1.4 Item | (1) Scheduling

Figure D-17 Order Acceptance Table D-VI, D-VII, D-VIII Sales Coordination
Task 1.5 Iltem| (1)
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TABLE D-XI1 (continued)
Figures 18, 19, 20

Figure D-18 Process Production Table D-VI, D-VII, D-VIlI Production
Task 2.1 Orders Item | (1,2) Scheduling
Figure D-18 Process Production Table D-VI, D-VII, D-VIII Inventory Management
Task 2.2 Orders Item | (1,2)
Figure D-18 Process Production Table D-VI, D-VII, D-VIII Basic Production
Task 2.3 Orders Item | (4) Scheduling
Figure D-18 Process Production Table D-VI, D-VII Production
Task 2.4 Orders Iltem | (1-3,5) Scheduling
Table D-VI, D-VII, D-VIII Same
Item | (1,3)
Figure D-19 Process Support Engineering | Table D-VI, D-VII, D-VIII Engineering Functions
Task 3.1 Item 111 (8)
Figure D-19 Maintenance Table D-VI, D-VII, D-VIII Maintenance
Task 3.2 Item | (3) Scheduling
Item [l (10) Maintenance Data
Table A7-V1II Immediate Production
Item I (1) Schedule
Figure D-19 Operations Control Table D-VI, D-VII, D-VIII Area Optimization
Task 3.3 Item| (2)
Table D-1X Control Enforcement
Item 1
Table D-X Same
Item Il
Figure D-19 Operation Planning Table D-VI, D-VII, D-VIII Production
Task 3.4 Item | (1,3) Scheduling
Figure D-20 Project Management Table D-VI, D-VII, D-VIII Engineering Functions
Task 3.1.1 Item 111 (8)
Figure D-20 Equipment and Process
Task 3.1.2 Design Modification
Figure D-20 Engineering Specialists
Task 3.1.3
Figure D-20 Standards and M ethods
Task 3.1.4
Figure D-20 Project Cost Control
Task 3.1.5
Figure D-20 Project Detailed Engineering
Task 3.1.6
Figure D-20 Equipment Modification
Task 3.1.7 Construction
Figure D-20 Drafting Documentation
Task 3.1.8
145
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TABLE D-XI1 (continued)

Figures 21,22
Figure D-21 Maintenance Planning Table D-VI, D-VII, D-VIII Maintenance Scheduling
Task 3.2.1 Item| (3)
Item I11 (10) Maintenance Data
Table D-VI, D-VII, D-VIlI Immediate Production
Item | (1) Schedule
Figure D-21 Cost Control Table D-VI, D-VII Cost Reporting
Task 3.2.2 Item 111 (10,11)
Table D-VI, D-VII, D-VIII Same
Item I11 (6,10)
Figure D-21 Spare Parts Table D-VI, D-VII Procurement
Task 3.2.3 Item | (4)
Item 111 (6) Same
Figure D-21 Maintenance Crew Table D-VI, D-VII, D-VIII Personnel Functions
Task 3.2.4 Scheduling Item 111 (10)
Figure D-21 Documentation Table D-VI, D-VII Maintenance Data
Task 3.2.5 Item 111 (10)
Table D-VI, D-VII, D-VIII Same
ltem 111 (6)
Figure D-22 Operations Supervision Table D-VI, D-VII Maintenance Data
Task 3.3.1 Item |, 111
Table D-VI, D-VII, D-VIII Same
Item |, 111
Figure D-22 Operations Cost Control Table D-VI, D-VII Maintenance Data
Task 3.3.2 Item 1
Table D-VI, D-VII, D-VIII Same
Item I11 (4, 6-10)
Figure D-22 Physical Process Control Table D-1X Maintenance Data
Task 3.3.3 ltem 1
Same
Table D-X
ltem 1
Figure D-22 Operational Measurement Table D-1X Maintenance Data
Task 3.3.4 Validations Item I
Table D-X Same
ltem Il
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TABLE D-XI1 (continued)

Figures 22,23,24
Figure D-22 Equipment Monitoring Table D-VI, D-VII Maintenance Data
Task 3.35 Item I11 (10)
Table D-VI, D-VII, D-VIlI Immediate Production
Item Il (1) Schedule
Table D-1X Emergency Response
ltem 11 (1)
Reliability Assurance
Table D-X
Item 1 (2) Emergency Response
Item IV Reliability Assurance
Figure D-22 Production Balancing Table D-VI, D-VII Production
Task 3.3.5 Optimization Item | Optimization
Table D-VI, D-VII, D-VIII
ltem| (2)
Table D-I1X
Item 11 (2)
Figure D-23 Raw Material Requirement Table D-VI, D-VII Raw Material Procurement
Task 4.1 Control Item | (4)
Item 111 (6) Raw Material Use Data
Table D-VI, D-VII, D-VIII Same
Item 111 (6)
Table D-I1X Same
Item 111 (3)
Table D-X Same
Item 111 (3)
Figure D-23 Inventory Balancing
Task 4.2
Figure D-23 Incoming Raw Material
Task 4.3 Routing
Figure D-23 Material Routing
Task 4.4
Figure D-23 Inventory Reporting
Task 4.5
Figure D-23 Material Movement Control
Task 4.6
Figure D-23 Raw Material Measurement
Task 4.7 Validation
Figure D-24 Order Replacement Table D-VI, D-VII Procurement
Task 5.1 Item | (4)
147
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Figure D-24 Process Requests
Task 5.2

Figure D-24 Cost Control
Task 5.3
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TABLE D-XI1 (continued)

Figures 25-26
Figure D-25 Set Standards and M ethods Table D-VI, D-VII Quality Control Analysis
Task 6.1 Item I11 (9)
Table D-VI, D-VII, D-VIlI Quality Control Analysis
Item 111 (8)
Figure D-25 Raw Material Evaluation
Task 6.2
Figure D-25 Evaluation of Product
Task 6.3
Figure D-25 Classification
Task 6.4
Figure D-25 Q/A Measurement
Task 6.5 Validation
Figure D-25 Lab and Automatic Analysis
Task 6.6
Figure D-25 Analyze Processing
Task 6.7 Capability
Figure D-25 Inventory Supervision Table D-VI, D-VII Product Inventory
Task 7.1 Iltem | (4)
Item I11 (8) Same
Table D-VI, D-VII, D-VIII Same
Item I11 (6)
Table D-1X Same
Item I11 (3)
Table D-X
Item 111 (3)
Figure D-26 Loss Control
Task 7.2
Figure D-26 Inventory Reporting
Task 7.3
Figure D-26 Product Shipping
Task 7.4
Figure D-26 Product Routing
Task 7.5
Figure D-26 Product Movement
Task 7.6
Figure D-26 Inventory Measurement
Task 7.7 Vdidation
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TABLE D-XI1 (continued)

Figure 27-28
Figure D-27 Cost Balancing and Budget Table D-VI Cost Reporting
Task 8.1 Item 111 (2C)
Table D-VI, D-VII Same
Item | (4)
Table D-VI, D-VII Same
Item 1
Table D-VI, D-VII, D-VIII Same
Item 111 (4, 6-10)
Table D-1X Same
Item 1
Table D-X Same
Item Il
Figure D-27 Raw Materials and Parts
Task 8.2 (Costs and Accounts
Payable)
Figure D-27 Product Income (Accounts
Task 8.3 Receivable)
Figure D-27 Production Costs
Task 8.4
Figure D-28 Shipping Scheduling Table D-VI Product Inventory and
Task 9.1 Item 111 (1B, 2B) Availability
Table D-VI, D-VII Production Scheduling
Item |
Table D-VI, D-VII Product Inventory and
Item 111 (8) Availability
Table D-VI, D-VII, D-VIII Same
ltem 111 (6)
Table D-1X Same
ltem 111 (6)
Table D-X Same
ltem 111 (3)
Figure D-28 Shipping Costs
Task 9.2
Figure D-28 Shipment Configuration
Task 9.3
Figure D-28 Invoicing
Task 9.4
Figure D-28 Release Shipments
Task 9.5
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Figure D-28
Task 9.6

Prepare Shipping
Documents
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Annex E —PRM Corrdation to MESA International Modd and S95.01 M odels

The description of the Scheduling and Control Hierarchy as given above has been taken directly from
that described in the Purdue Reference Modd for CIM. As noted earlier, there are many such
decriptions in the literature, al somewhat different based on the viewpoints of the authors and the
organizations they represent.

One paticularly popular such description is that developed by MESA Internationa, a consortium of
vendor companies in the manufacturing control fiedld. Their publication, “MES Functiondity and MRP
to MES Data Flow Possihilities,” develops and describes their listing of the functions a Leve 3. The
MESA Internationa listing of functions is presented below with a reference in each case to the
corresponding function in the PRM.

E.1 - Resour ce allocation and control

These functions are handled in the PRM by Function 3.0, Production Control, and in particular
Functions 3.2, Operations Control, and 3.3, Operations Planning. See Sections 6.3.2 and 6.3.3 and
Table D-XI of PRM.

E.2 - Dispatching production

These functions would be handled in the PRM by “Establishing the immediate production schedule” as
givenin Item 5.1.2 here and by the same functions as listed under Item 5.2.1 above.

E.3 - Data collection and acquisition

The PRM in Table D-1V, Item IlI, Plant Coordination and Operationa Data Reporting, of Annex D
covers this function. Its applicability in each leve of the hierarchy is presented in Tables D-VI to D-X
on the PRM.

E.4 - Quality management
The PRM includes the Qudity Assurance function in Section 6.6 of this sandard and Item 6.0 and
subsidiary functions of Table D-X1 and Figure D-47 of the PRM.

E.5 - Process management

The PRM defines this function under its concept of Control Enforcement, the carrying out of production
scheduling and other upper leve directives by the control gpplication functions of Levels 1 and 2 of the
hierarchy (Tables D-IX and D-X of the PRM).

Reporting of pertinent data on system and equipment status would be handled by Item I111.4, “Service
the man/machine interface,” of the above tables.

1 MESA International, MES Functionality and MRP to MES Data Flow Possibilities — White
Paper Number 2 (1994)
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E.6 - Production planning and tracking

In the PRM this function is split between Item |, Production Scheduling, and Item Ill, System
Coordination and Operationd Data Reporting, for Levels 3 and lower of the Hierarchicd Modd. It is
presented in Items 2.0 and 3.0 of the Data-Flow Modd and particularly Sub-ltem 2.1, dong with 3.2
and 3.3.

E.7 - Performance analysis

It can be seen here that the PRM handles this functiondlity, like many others of MESA Internationd,
through a mixture of its stated functions. Here we consder Systems Coordination and Control (Item 111
of Table D-IV and Tables VIII to X of the PRM); Control Enforcement (Item 11); and System
Rdiability and Avallability Assurance (Item V).

E.8 - Operations and detailed scheduling

In terms of the PRM, this function would be considered a combination of most of the tasks from MESA
International functions 5.2.1, Resource Allocation and Control, and 5.2.2, Digpatching Production, and
would involve those functions from the PRM listed in those locations.

E.9 - Document control

In the PRM document control as described here is a combination of Plant Coordination and
Operationd Data Recording plus Sysem Rdiability and Available Assurance for document data
collection and report preparation. It would involve Product Scheduling and Control Enforcement for
document use to assure reliable plant operation. The corresponding data flow operations would be
involved as well.

E.10 - Labor management

While most personnd functions in the manufacturing plant involve human input and therefore would be
consdered externa entities and thus externd to the PRM and to this standard, those specifically
mentioned in the MESA Internationa function appear to al be automatable and thus would be
encompassed in the hierarchical modd function of Plant Coordination and Operationd Data Reporting
(Item 111, Table D-1V and subsidiary listingsin Tables D-VIII to D-X).

E.11 - Maintenance management

Maintenance Management is carried out in the PRM through the hierarchical category of System
Reiability and Availability Assurance and by the Data How lising of Bubble 10.0, Maintenance
Management (Bubble 3.2 in the origind PRM lidting).

E.12 - S95 modds

The SO5 Equipment Hierarchy Modd gives an gpplication implementation flavor to the hierarchy mode
of the PRM that is itsdf drictly functiona in nature.  The present modd is particularly applicable to
larger plants asis ably illustrated by Figures D-5 to D-10 of Annex D.
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The PRM Figure D-4 has been modified to show a different split between the production scheduling &
management information systems and the control computation and control enforcement than in the

origind publication. The split is now shown between level 3 and 4, based on planned changes to the
Purdue modd as aresult of the S95 andysis.

Sub-Function 3.2 (Maintenance) in the PRM is included as a separate mgor function (10.0,

Maintenance) in the S95 modd. This is to amplify the representation of the Levd 3-4 slit in the
discussion and associated figures.

| SA-dS95.01- 1999, Draft 14 154 Copyright © 1999 ISA



Developing and promulgating technically sound consensus standards and
recommended practices is one of 1SA's primary goals. To achieve this goal the
Standards and Practices Department relies on the technical expertise and efforts of
volunteer committee members, chairmen, and reviewers.

ISA is an American National Standards Institute (ANSI) accredited
organization. 1SA administers United States Technical Advisory Groups (USTAGS)
and provides secretariat support for International Electrotechnical Commission (IEC)
and International Organization for Standardization (1SO) committees that develop
process measurement and control standards. To obtain additional information on the
Society's standar ds program, please write:

| SA

Attn: Standar ds Department

67 Alexander Drive

P.O. Box 12277

Research Triangle Park, NC 27709

ISBN



