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ABSTRACT
The Purdue Enterprise Reference Architecture (PERA) has developed a unique
methodology for determining the place of the Human in any particular enterprise.  This
methodology will be described in this paper to initiate discussion of this important topic in the
ICEIMT97.

INTRODUCTION

It has been often shown that the human component is by far the magor factor in any
enterprise engineering endeavor [1]. However, essentidly dl enterprise integration architectures
and methodol ogies today have avoided handling thisimportant topic by considering the human as a
resource only [2] or by assuming that the human achieves al necessary interface and
communications capabilities with the rest of the enterprise [3]. The Purdue Enterprise Integration
Reference Architecture has developed a unique method of approaching this problem and as a result
can consider humansin al aspects of their involvement in the enterprise and the integration being

considered.

THE SIMPLIFYING CONCEPTS OF ENTERPRISE INTEGRATION

The IFAC/IFIP Task Force on Architectures for Enterprise Integration was formed in 1990
by IFAC (The International Federation of Automatic Control) and IFIP (The International



Federation for Information Processing) to help solve the problems which had arisen in the previous
decade in the manufacturing field. The Task Force was formed of a group of manufacturing
engineers, computer scientists and information technology managers to study, compare, and

evaluate the different available architectures in the open literature [4].

Severd concepts emerged from the Task Force's studies which can greatly smplify and

extend the work of enterprise integration asinvolved here. Some of them are:

1. While the early work in CIM was confined to the field of discrete manufacturing, it
can readily be shown that the basic principles involved apply to any enterprise,
regardless of its size and mission or any of the other such attributes involved.
These are generally principles which apply to al aspects of the field of systems
engineering. In addition, it is a mistake to confine the integration discussions to
information and control systems alone. Often there are problems within the mission
system (manufacturing or other customer product and service operations) whose
solution would grestly ease the overal plant system problem (i.e., it must involve

both information and mission).

2. No enterprise can long exist without a business or mission, i.e., it must produce a
“product(s) or service(s)” desired by a“customer(s).” It usualy must also produce
these product(s) or service(s) in competition with other enterprises also vying for

this same business.
3. There are only two basic classes of functionsinvolved in operating any enterprise:

a Those involved in operating the “processes”” which result in producing the
“product” which fulfills the enterprise’'s mission, i.e., the customer product

or service business in which the enterprise is engaged. In the

The use of quotation marks on several of the terms used here indicates they are defined in the most general
manner possible in order to cover the extremely wide range of aims, methods and conditions covered.



manufacturing plant these would include al materid and energy
transformation type tasks and the movement and storage of the same

materials, energy, goods in process and products.

b) Those involved in the “control” of the mission in an “optima” manner to
achieve the necessary economic or other gains which assure the viability or
continued successful existence of the enterprise.  These comprise the
collection, storage and use (i.e., transformations) of information concerning
the business processes in order to control them, i.e., to develop and apply
necessary changes to the business processes to achieve and maintain their
required “optima” operation. Thus al planning, scheduling, control, data

management, etc., functions.

Normally, information or data will undergo multiple transformations, i.e., many
separate tasks (where a task defines each transformation) in fulfilling the
information-handling requirements for an enterprise or CIM system. These
transformations or tasks are usualy successive operations forming sets of

sequential and parallel networks.

The same is true of the materia and energy transformation tasks for fulfilling the

physical production or plant operations requirements for the enterprise.

In each case the networks involved can be combined, if desired, to achieve one
major network of each type (Informational Transformations or Materid and Energy
Transformations, respectively), the totality of which defines the functionality of the
enterprise or other business entity being considered (i.e., the totdity of the
information network, plus the manufacturing networks, both of which are

developed separately but used conjointly).
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The two networks interface in those tasks that develop operating variable state or
status from the manufacturing processes (sensors) and those that deliver operational
commands to the operational units (actuators and related devices). Except for these
tasks and their related requirements, which do affect the other networks, each

network can be developed independently of the other.

Initid functional analysis or genera study of ether or both classes of functions
above can be carried out without knowledge or concern of how they will ultimately

be implemented in the operating enterprise.

For many technological, economic, and socia reasons, humans are involved in the
implementation and execution of many business processes of dl types in both
classes above. Others, of course, may possibly be automated or mechanized. Thus

there must be three classes of implemented tasks or business processes:

a Those of the information and control type which can be “automated” by

computers or other “control” devices.

b) Those of the mission tasks or business processes which can be automated

by the “mission fulfillment” equipment.

C) Those functions carried out by humans, whether of the control or mission

fulfillment class.

There must be a simple way of showing where and how the human fits in the
enterprise and how the distribution of functions between humans and machines is

accomplished.

All enterprises, of whatever type, follow a “life cycle” from their initial concept in

the mind of an entrepreneur through a series of stages or phases comprising their
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12.

13.

14.

15.

development, design, construction, operation and maintenance, refurbishment or

obsolescence, and final disposal.

Not only does this life cycle apply to the enterprise but also to the enterprises
products as well. Thus, carried further, one enterprise can be the product of
another. For example, a construction enterprise could build a manufacturing plant
(enterprise) as its product. The manufacturing plant would then manufacture
(produce) its own product, such as an automobile. The automobile also hasits own

life cycle, which goes through similar steps to those discussed here.

Once the integration of al of the informational and customer product and service
functions of an enterprise have been properly planned (the Master Plan), the actua
implementation of such an integration may be broken up into a series of coordinated
projects, any and dl of which are within the financia, physical, and economic
capabilities of the enterprise, which can be carried out as these resources alow as
long as the requirements of the Master Plan are followed. When these projects are

completed, the integration desired will be complete.

All tasks will be defined in a modular fashion, along with their required
interconnections, so they may be interchanged with other tasks that carry out similar

functions but in a different manner.

Likewise, these latter tasks will also be implemented in a modular fashion, again
permitting their later substitution by till other different methods of carrying out the
same function. The choice of these implementation methods can be governed by
independent design and optimization techniques as long as the task specifications

are honored.

Provided the modular implementation just noted is used, the interconnections

between these modules can be considered interfaces. If these interfaces are



specified and implemented using company, industry, national and/or internationally
agreed upon standards, the interchange and subgtitution noted in Item 13 and 14
will be greatly facilitated.

16. By considering that manufacturing is atype of customer service, i.e., production of
goods for purchase by the customer, and then expanding the definition of customer
service to include al possible goods and services the enterprise may render to the
customer, we can expand the Architecture to cover all possible types of enterprises.
Thus the mission execution side of the Architecture would then represent the
customer service rendered by any enterprise even if that service itsdf involved

information.

These concepts then form the basis for developing the architecture and its associated
methodology needed for carrying out enterprise integration engineering tasks as conceived by the

Task Force and its members. It isItem 9 above that we wish to emphasizein this paper.

THE ENTERPRISE REFERENCE ARCHITECTURE

The universal applicability of the systems engineering concept of alife cycle (Item 6 above)
allows one to develop a sketch or graphical model to illustrate most of the concepts and tasks
involved in enterprise integration. Thisgivesal the individuas involved a common and easy way
for describing, planning, and carrying out al aspects of this very complex task in the easiest way
possible. The other concepts listed establish the overall form and content of the resulting sketch.
This sketch will be called an “architecture” since it describes the form or structure of the process of
carrying out the life cycle of the enterprise or entity involved. Please see Figures 1-3 and 8 later in
this paper. An architecture in its general sense is a drawing or discussion of the structure of
something, generaly physical such as a building, an eectronic system, etc. These latter we will
cdl Type 1 architecture. The architecture describing the form (structure and relationship) of the

life cycle processes we will call Type 2. Only Type 2 architectures will be discussed in this paper.



DEVELOPMENT OF ONE FORM OF THE ARCHITECTURE

PERA ASAN EXAMPLE

The structure of PERA [5-7] will be used here to show how the needed reference
architecture and methodology can be developed to satisfy the concepts needed. We will initidly

describeit to form the basis for our discussion of the place of the human to follow.

As noted in Concept 10, dl enterprises throughout their lifetime fulfill a “life cycle.”
Figure 1 shows the form of the architecture describing this as expressed by PERA. The life cycle
proceeds from top to bottom of the figure, i.e., from initid identification of the project down
through all intermediate phases to the final act of enterprise dissolution. The structure and form of
the architecture will now be explained. (The numbering of nodes and boxes used here will be

explained later.)

Figure 2 illustrates Concept 3 concerning the existence of two and only two classifications
of functiona tasks in the enterprise. It is well known by these authors that most computer
scientists and information specialists prefer to separate information (databases and data handling)
from control or decision theory. However, since “the only use for information is to effect control
now or in the future,” we hold to our premise. This axiom my be considered a little farfetched
when we consider history, but even here it holds if one believes, “history is to help us avoid the

mistakes of the past.”



z IDENTIFICATION ——1 BECIN
o STUDY AND
o PHASE IDENTIFICATION
4 —1 .
. 2
o
w
9 CONCEPT ENTERPRISE
5 PHASE DEFINITION
3 4
—_— POLICIES —_
et — —— ——
5 5 1 6
20 REQUIREMENTS
; w
g« 7 8
= DEFINITION e MODULES —_— CONCEPTUAL
5 PHASE 9 10 ENGINEERING
5> —_— NETWORKS ~ ——
w
<
P4
=1 —_— / \ | / 5. -
I |
FUNCTIONAL 12 11 13 PRELIMINARY
|
DESIGN | ENGINEERING
PHASE | I
P4
e} = :
: -+ I T s
o v ©
w
- '8
o DETAILED DETAILED -
=
('8
< DESIGN 14 15 16 ENGINEERING O
Z PHASE
z z
= ]
)]
a o i T T S m
g o
8
CONSTRUCTION| 4
L
AND
17 18 19 CONSTRUCTION
INSTALLATION
PHASE
0
& = OPERATIONS
£0 AND OPERATION
<0 20 21 22 AND
£ MAINTENANCE MAINTENANCE
5 PHASE
| ¢ ¢ ¢
Py RENOVATION
Q OR RENOVATION OR
%’ DISPOSAL 23 24 25 DECOMMISSIONING
pz4
o 3 PHASE
<
w 24 I -1
|
a 26 27
s ENTERPRISE ASSET DISPOSAL N
w
o DISSOLUTION DISSOLUTION
PHASE
1 1 1 v
ENTERPRISE
DISSOLUTION

FIGURE1. THE OVERALL FORM OF THE PURDUE REFERENCE ARCHITECTURE
DIAGRAM SHOWING VARIOUS FORMS OF THE LIFE CYCLE



ENTERPRISE MISSION
(MANUFACTURING)

PHYSICAL PRODUCTION
(5) REQUIREMENTS
(OPERATIONS)

!

MANUFACTURING FUNCTIONAL

(7) (UNIT OPERATIONS) MODULES,

ETC.

!

MANUFACTURING
(UNIT OPERATIONS)
FUNCTIONAL NETWORK
(9) (MATERIAL AND ENERGY
FLOW DIAGRAM)

!

INFORMATION AND CONTROL

PLANNING, SCHEDULING,
CONTROL ADN DATA (6)
MANAGEMENT REQUIREMENTS

!

TASK AND FUNCTIONAL

MODULES (8)
INFORMATION
FUNCTIONAL

NETWORK (10)

(DATA FLOW DIAGRAM)

!

UNMANNED
MANUFACTURING
ARCHITECTURE

UNMANNED
INFORMATION ARCHITECTURE

FIGURE 2. DEVELOPING THE RELATIONSHIPS OF THE SEVERAL SUB-
ARCHITECTURES OF THE PURDUE ARCHITECTURE FOR MANUFACTURING
SYSTEMS



10

Concepts 4-7 are illustrated by the progressing life history of Figure 2 showing
requirements leading to the tasks necessary to fulfill them and these tasks then leading to functional
networks. The networks (material and energy flow diagrams and data flow diagrams) are directly

anal ogous to each other.

Figure 3 extends Figure 2 upwards (earlier in the life cycle and a a higher leve in the
company) to show the initial steps of the life cycle and the origin of the Requirements Leve of
Figure 2. Mission, Vison and Values (Node 2) gives management’s desires for economic and
other gains from the contemplated project. Policies (Nodes 3-4) show how management expects
to gain the desired benefits. The resultant policieslead to the requirements on the system proposal
which would ultimately enable those policies and management’s expected benefits.  Figure 4
shows that each node must be enriched from external sources to supply missing information from
upper level sources as well as external requirements such as environmental, health and safety

concerns, etc.

Figure 3 also shows the split of the two classes of functiona tasks into three classes of
implemented tasks to account for the place of the human worker in the enterprise. How this is

determined will be discussed next.

Integration of Human and Organizational Factors

A singularly important contribution of the PERA Enterprise Integration Reference
Architecture has been its presentation of a very smple yet again intuitively correct method for
accounting for the place of the human worker in any automated system. The system works as

listed in Table | and in the following discussion.
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TABLEI. SOME ADDITIONAL CONCEPTS OF THE PURDUE ENTERPRISE REFERENCE
ARCHITECTURE THAT ESTABLISH THE PLACE OF THE HUMAN IN THE ENTERPRISE

1. The split of functions for inplenentation between humans and machi nes (on
both the informati on and manufacturing sides of the diagram of Figure 2)
forns the first definition of the inplenentation of the resulting
manuf acturi ng system Because of the inclusion of humans, there nust be
three separate elenents in the inplenentation schene: the Information
System Architecture, the Human and Organi zational Architecture, and the
Manuf act uri ng Equi pent Architecture.

2. Provided all timng, coordination, etc., requirenents are fulfilled, it
makes no difference functionally what functions are carried out by
personnel versus nmachines or what organizational structure or human
rel ati ons requirenents are used.

3. The split in assignment of these functions (i.e., between humans and
physi cal equipnent) can be expressed on a diagram by an Extent of
Aut omation |ine.

4. The ultimate split of functions between humans and machines is determ ned
as nuch by political and human relations-based considerations as by
techni cal ones.

5. The di agranms noted above can be extended to show the whole life history
of the manufacturing enterprise.

6. Al'l tasks in the Information Architecture can be considered as control in
its very broadest sense, either imediately or at some future tine.
Li kewi se, all data collected and information generated is ultimately to
effect control of the overall system being considered, either now or in
the future.

The only other use of this data and information is in the context of a
hi storical record.

7. Li kewi se, all operations on the manufacturing side can be considered
conversions, the transformation (chemical, nechanical, positional, etc.)
of sonme quantity of naterial or energy.
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In order to show the true place of the human in the implementation of the enterprise
functions, we need to assign the appropriate ones of these functions to the human eement of the
system. This can be done by considering the functional tasks as grouped in three boxes in the
preliminary engineering or specification phase. These are separated by defining and placing sets of
three dashed lines in the graphica architecture representation. This action will separate the two
functional analysis streams into three as shown in Figure 5 and thus assign the tasks or functions
involved to the appropriate boxes. The resulting columns of boxes then define the automated
information tasks which become the Information Systems Architecture functions and the automated
manufacturing tasks which become the Manufacturing Equipment Architecture functions. The
remainder (non-automated) become the functions carried out by humans as the Human and

Organizational Architecture,

The Automatability Line shows the absolute extent of pure technologies in their capability
to actually automate the tasks and functions. Itislimited by the fact that many tasks and functions

require human innovation, etc., and cannot be automated with presently available technology.

The Humanizability Line (see Figure 5) shows the maximum extent to which humans can
be used to actually implement the tasks and functions. It is limited by human abilities in speed of

response, breadth of comprehension, range of vision, physical strength, etc.

Still athird line is presented which can be called the Extent of Automation Line (see Figure
5) which shows the actual degree of automation carried out or planned in the subject Enterprise
Integration system. Therefore, it is the one which actudly defines the boundary between the
Human and Organizational Architecture and the Information Systems Architecture on the one hand,
and the boundary between the Human and Organization Architecture and the Manufacturing

Equipment Architecture on the other side.
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The location of the Extent of Automation Lineisinfluenced by

. Economic

. Palitical

. Sociad
-- Customs
-- Laws & Directives
-- Union Rules

aswell as Technological factors.

The Automatability Line showing the limits of technology in achieving automation will
always be outside of the Extent of Automation Line with respect to the automation actually installed
(seeFigure 5). That is, not dl of the technological capacity for automation is ever utilized in any
installation for various reasons. Thus, the Human and Organizationa Architecture is larger (i.e.,
more tasks or functions) and the Information System and Manufacturing Equipment Architecture

are smaller (less functions) than technological capability alone would allow or require.

Note that for a completely automated plant as an extreme case, both the Automatability Line
and the Extent of Automation Line would coalesce together and move to the left edge of the
Information Architecture block and correspondingly to the right edge of the Manufacturing
Architecture block. Therefore, the Human and Organizational Architecture would disappear and
the Information Systems Architecture and the Manufacturing Equipment Architecture would
coincide with the unmanned Information Architecture and the unmanned Manufacturing

Architecture, respectively. Thiswould then be the case illustrated by Figure 2.

Figures 6 and 7 continue our discussion of the place of the human in relation to automation
and mechanization [7]. Figure 6 is another version of Figure 5 with the automatability and
humanizability lines relabelled. Figure 7 points out the very incomplete state-of-the-art at present
in terms of human factors and the present inadequacy of administrative assignment of the topics in

many companies.
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FIGURE 8 (CONT). THE LATER PHASESIN ENTERPRISE INTEGRATION SY STEM
EVOLUTION AND THEIR ACTIVITIESIN RELATION TO THE PURDUE ARCHITECTURE
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Figure 8 summarizes our discussion of PERA as an example Enterprise Integration
Architecture by showing the overal architectures and life cycle of the enterprise development
program down to and including the operations phase. Note that the problem of analysis and
disposal or renovation of the obsolete plant as shown in Figure 1 could also be included here for
completenessif desired. The purpose here isto show how the architecture can be used to describe
each of the tasks carried out at each phase, node and box represented in the architecture and their
relationship to each other. The amount of detail shown is a function of the space available and the

purpose to which aparticular diagramis put.

The numbering of the nodes and boxes of Figures 1, 6, and 7, in conjunction with Table
I1, shows the meaning of each of the boxes of the architecture diagram to present the operational

concerns and available tools for carrying out each of the taskslisted in Figure 8.
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TABLE Il. AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Area Subj ect of Concern Types of Aids Avail able

1. Identification of Enterprise|Feasibility studies, potential gains

Busi ness Entity and benefits vs. <costs of proposed
busi ness entities to under go
enterprise i ntegration progr amns.
Identification of chosen enterprise.

2. M ssion, Vision, and Values | Exanple sets of Mssion, Vision and
of t he Enterprise, | Val ues expressions from conpany annual
oper ati onal phi |l osophi es, | reports or t he basi c docunent s
mandat es, etc. thenmsel ves. These are valuable to the

extent that they are generic.

3. Qper ati onal Pol i ci es and | Exanpl e scopes of the tasks for
goal s rel ated to t he | devel opment and operation of specific
customer Product and Service | processes and pl ant's or ot her
or Manufacturing goals and | corresponding Cust omer Pr oduct or
obj ecti ves, etc., of the | Service Operations; if for the sane
Enterprise process or type of plant, may be

directly wused or otherwise wll be
used as an exanmple of types of

requi renents needed.

(conti nue)
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Area Subj ect of Concern Types of Aids Avail able
4. Qperational policies related | Generic lists of:
to the Information goals and | Policies and requirenments related to
obj ecti ves, etc., of the | such topics as: control capabilities;
Enterprise degrees of performance of processes
and equi pnent; adherence to cl asses of
regul ations and Ilaws (environnental,
human rel ati ons, safety, etc.);
conpliance in the above to a degree of
good comruni ty behavi or (good
nei ghbor, citizen of the world, etc.);
quality, productivity, and economc
return goal s; etc.
5. Requirements to be fulfilled | Exanple sets of oper ati onal
in carrying out the Custonmer [requirenents for specific processes
Pr oduct and Servi ce or | and process pl ants or ot her
Manuf act uri ng rel ated | correspondi ng Cust ormrer Pr oduct or
Policies of an Enterprise Servi ce Qper ati on; woul d i ncl ude
gener al safety requi renents, fire
rules, etc., that will influence plant
design and process and equi pnent
sel ection | ater in t he program

devel opnent; OSHA regul ations and Fire

Safety Underwriters rules.

(conti nue)
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Area Subj ect of Concern Types of Aids Avail able

6. Requirements to be fulfilled | Generic lists of requirenents
in carrying out the | necessary to carry out the policies
Information Policies of the|listed in Area 4, probably in the form
Enterprise of scopes of the macrofunctions to be

listed in Area 8.

7. Sets of Tasks, Function | Lists of generic uni t process
Modul es and Macrof unction | operations of chenical engineering,
Modules required to «carry|or, of the manufacturing features from
out the Requirements of the|group technology for the discrete
Manuf act uri ng or Cust omer | products i ndustry; correspondi ng
Product and Service Mssion |requiremnments for ot her types of
of the Enterprise Cust omer Pr oduct or Servi ce

Oper ati ons.

8. Set s of Tasks, Function | Generic lists of Cont r ol and
Modul es, and Macrofunction | Information Tasks, Function Mdules,
Modules required to carry |and Macrofunctions.
out the Requirenents of the
I nf ormati on or M ssi on
Support si de of t he (cont i nue)
Functi onal Anal ysis
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Area Subj ect of Concern Types of Aids Avail able
9. Process flow di agrans | Exanpl e of flow diagrans for conmonly
showi ng the connectivity of |[available processes showing material
the Tasks, Function Mbdul es, | and ener gy bal ances and exanpl e
and Macrofunctions of the | process operati ng pr ocedur es are
Manuf act uri ng or Custoner |likely types of ai ds her e;
Pr oduct and Service | corresponding requirenments for other
processes invol ved types of Customer Product or Service
Qper ati ons.

10. Connectivity diagrams of the|Data flow diagram techniques; the
Tasks, Function Mdul es, and | generic data flow diagram of the
Macr of unction Modul es of the | Purdue Reference Mdel.
I nf ormati on or M ssi on
Support Activities probably
in the form of data flow
di agrans or related nodeling
nmet hods

11. Functi onal Design of the | Exanple Ilists of generally required
Human and Organi zati onal | personnel tasks; auditing nethods for
Architecture. Establ i shnent | skill level determination (required
of t he Automat ability, [vs. available); nethods for cultural

Humani zabiltiy and Extent of

Aut omati on Li nes

status assessnent and correction.

(conti nue)
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Ar ea

Subj ect of Concern

Types of Aids Avail able

12.

Functi onal Design of t he

Manuf act uri ng or Cust omer
Pr oduct and Service

Equi pnent Architecture

Exanpl e speci fications of

P and |, Ds

process
equi pmrent to be
(piping and

i ndi cating

required;
instrunmentation diagrans)

control systens

capabilities necessary to acconplish

suggested task assignnents and degree

of automation indicated, obtained from

the current literature; conputer-based

process pl ant | ayout and desi gn

optim zation prograns available from a

wi de variety of vendors for alnost any

i ndustry, corresponding exanples from

other types of Custonmer Product or

Service Qperations.

13.

Functi onal Design  of t he

I nf ormati on Syst ens

Architecture

Generic representations  of typi cal

control and i nformation syst ens;

functional design aids; lists of

sensors, actuators, control functions

for particul ar process equi prent

exanpl es; data base design techniques;

entity relationship diagrans; t he

Pur due Schedul i ng and Contr ol
[15];

archi tectures

Hi er ar chy exanpl e har dwar e

from various vendors;
net wor ked conmuni cations are also very
i mportant.

(conti nue)
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Area Subj ect of Concern Types of Aids Avail able

14. Det ai | ed Desi gn of | Detail ed desi gn t echni ques for
component s, processes, and | physi cal processes and equi prent from
equi prrent of the | the major handbooks of the various
Manuf act uri ng or Cust omer | engi neering fields; conput eri zed
Pr oduct and Service | versions  of these design nethods
Equi pnent Architecture available from a wde variety of

sof tware vendor s; cor respondi ng
exanpl es from other types of Custoner
Product or Service QOperations.

15. Detailed Design of the task | Exanple |esson plans and syllabi for
assi gnnents, skills | necessary training courses; exanple
devel opnent training | organi zational charts for equival ent
cour ses, and organizations [ groups in ternms of nunbers of people,
of the Human and | skill levels and tasks required; team
Organi zational Architecture bui | di ng.

16. Det ai | ed Desi gn of the | Conputer control systens conponents
equi pmrent and software of [selection aids from control system
t he I nf ormati on Syst ens | vendor s; configuration sof twar e
Architecture packages from these sane vendors;

sof t war e pr oj ect management
t echni ques.

17. Construction, check-out, and | Project nmanagenent techniques such as
conmi ssi oni ng of the | critical path net hod. These and
equi pnrent and processes of [related t echni ques are readily
the Manufacturing Equipnent | available as conputeri zed pr oj ect

Architecture

managenent aids from a w de variety of

vendors. (conti nue)
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Area Subj ect of Concern Types of Aids Avail able

18. | mpl enent ati on of | Continuation of the work under Area 15
organi zati onal developnent |in terns of training and staffing of
training courses, and on- |the menber s of t he Human and
line skill practice for the | Organizational Architecture
Human and Organi zat i onal
Architecture

19. Construction, check-out, and | Project managenment tools as noted
conmi ssi oni ng of the | under Area 17.
equi prent and software of
t he I nf ormati on Syst ens
Architecture

20. Cont i nued i mpr ovenent of | Conti nued inprovenent of the operation
process and equi prent | of the plant and its associated
operating condi tions to | manufacturing system involving such
i ncrease quality and | t echni ques as Statistical Quality
productivity and to reduce | Control, Statistical Process Control,
costs i nvol ved for the | Total Quality Mnagenment, and other
Manuf act uri ng or Customer | rel ated techni ques.
Pr oduct and Servi ce
Equi pnent Architecture

21. Cont i nued organi zational | Tasks here are continued inprovenent

devel opnent and skill and

hunman relations devel opnent

training of the Human and

Organi zational Architecture

of workers’ skills and training of

repl acenent workers; sane aids as for

Areas 11, 15, and 18 prevail.

(conti nue)
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Area Subj ect of Concern Types of Aids Avail able

22. perating of the Information | Continued inprovenent of the operation
and Control System of the|of the plant and its associated
I nf ormati on Systens | control system i nvol vi ng such
Architecture including its |techniques and aids available as noted
conti nued i nprovenent under Area 20 above.

23. Revi ew of m ssi on for | Project managemnent t ool s; audi ting
enterprise. Pl anning for [ software; renovati on and recycl e
revanping and redesign of [techniques.
customer product and service
production equi prent

24. Revi ew of n ssi on of | Sane aids as for Areas 11, 15 and 18.
enterprise. Pl anning for
revanping and redesign of
organi zati onal architecture
as m ssi on changes;
retraining of personnel as
new tasks and new skills
require

25. Revi ew of m ssi on for | Project nmanagenent t ool s; audi ting
enterprise. Planning for |software; information managenent tools

revanping and redesign of

i nfornation syst ens;
preservation and transfer of

system i nfornmati on as needed

and techni ques.

(conti nue)
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TABLE I (CONT.). AREASOF INTEREST ON THE ARCHITECTURE FRAMEWORK FOR
DISCUSSING DEVELOPMENT AND IMPLEMENTATION AIDS FOR PROGRAMS AND
ENTERPRISE STUDIES (REFER TO FIGURE 1)

Ar ea

Subj ect of Concern

Types of Aids Avail able

26.

If decision is nade to scrap
Customer Product and Service
Pl ant and Equi pnent, dispose
of physi cal equi prrent in
ways whi ch optim ze
econom cs wi t hout maj or

injury to environnment

27.

Di spose of I nf ormati on
Syst ens and Contr ol
equi prent in ways which are
benign to the environnent
while pursing best related

econoni cs

28.

Take necessary |legal steps

to di ssol ve charter of
former enterprise. Conpl ete
reassi gnnent of any

remai ni ng personnel




31

BIBLIOGRAPHY AND REFERENCES

Committee on Effective Implementation of Advanced Manufacturing Technology (1986),
Manufacturing Studies Board, Commission on Engineering and Technica Systems,
Human Resources Practices for Implementing Advanced Manufacturing Technology,
National Academy Press, Washington, D.C.

AMICE Consortium (1992), CIMOSA: Architecture Description, ESPRIT Project 5288,
Milestone M-2, AD2.0, Vol. 2, Document RO443/1, Consortium AMICE, Brussels,
Belgium.

Williams, T.J., editor (May 1988), Reference Modd for Computer [ntegrated
Manufacturing, A Description from the Viewpoint of Industrial Automation, CIM
Reference Model Commiittee, International Purdue Workshop on Industrial Computer
Systems, Purdue Laboratory for Applied Industrial Control, Purdue University, West
Lafayette, IN; Instrument Society of America (1989), Research Triangle Park, NC.

IFAC/IFIP Task Force (1993) on Architectures for Integrating Manufacturing Activities
and Enterprises, Architectures for Integrating Manufacturing Activities and Enterprises,
Williams, T.J., editor, Technical Report, Purdue Laboratory of Applied Industrial Control,
Purdue University, West Lafayette, IN, USA. Also published as: Williams, T.J., Bernus,
P., Brosvic, J., Chen, D., Doumeingts, G., Nemes, L., Nevins, JL., Vlietstra, J.,
Zoetekouw, D., and with the contributions of other members of the IFAC/IFIP Task Force
on Architectures for Integrating Manufacturing Activities and Enterprises “Architectures
for Integrating Manufacturing Activities and Enterprises,” The 12th IFAC World Congress,
Sydney, Austrdia (July 19-23, 1993); same authors and same title (1994), Computers in
Industry, Vol. 24, No. 2-3, pp. 111-140, and Control Eng. Practice, Vol. 2, No. 6, pp.
939-960, and as Bernus, P., Nemes, L., and Williams, T.J. (1996), Architectures for
Enterprise Integration, Chapman and Hall, London.

Williams, T.J., and the Members of the Industry-Purdue University Consortium for CIM
(1991), The Purdue Enterprise Reference Architecture, Technical Report 154, Purdue
Laboratory for Applied Industrial Control, Purdue University, West Lafayette, Indiana,
USA. Also published as: Williams, T.J. (1992), The Purdue Enterprise Reference
Architecture, Instrument Society of America, Research Triangle Park, NC, USA.

Li, Hong (1994), A Formalization and Extension of the Purdue Enterprise Reference
Architecture and the Purdue Methodology, Ph.D. Thesis, Purdue University, West
Lafayette, IN, USA. Also published as Li, Hong and Williams, T.J. (1994), A
Formalization and Extension of the Purdue Enterprise Reference Architecture and the
Purdue Methodology, Technical Report 158, Purdue Laboratory of Applied Industrial
Control, Purdue University, West Lafayette, Indiana, USA.

Rathwell, G.A., and Williams, T.J. (1996), “Use of the Purdue Enterprise Reference
Architecture and Methodology in Industry (the Fluor Danid Example),” in Bernus, P. and
Nemes, L. (editors), Moddlling and Methodologies for Enterprise Integration, Chapman
and Hall, London.




