The Implementation Hierarchy
View of the CIM System

GENERAL

Figure S5-1 represents one concept of the com-
ponents or elements required for the implementa-
tion of the CIM system for each "bubble" or
Manufacturing Specific Functional Entity of the
data-flow diagram of Chapter 4 or each Task of
Chapter 3.

This concept allows each task to be expressed in as
many layers as required (11 maximum). Layers
may be used or nulled as necessary. Thus such a
model needs to be developed in specific form for
each "bubble” of the data-flow diagrams presented
in the previous chapter using the generic model of
Figure 5-1 as a base and supplying the appropriate
implementation details. Likewise this would be
done for each task in Tables 3-VI to 3-X since these
are equivalent to the above. Only examples of
such models will be presented in this Chapter.

Just as the ISO-OSI model (Figure 9-6) [8] breaks
the tasks of the communications between systems
into layers, this model breaks the tasks of plant
control into functional layers. A brief discussion
of each layer of the model follows.

DESCRIPTION OF THE LAYERS

As diagrammed in Figure 5-1 the CIM model is
represented in the implementation hierarchy view
by an eleven layered structure. The hardware ele-
ments of the system are represented by the lower

five layers of the system (1-5), while the software
elements are represented by the top six layers
(6-11).

Layer T — Physical Environment (Including Humans)

This layer would typically represent the process
equipment (i.e., reactors and distillation
columns), machine tools (i.e., CNC and human
operators) and supporting areas such as utilities
and packaging. As noted often earlier, these ele-
ments would be non generic in any specific case
and are included here for completeness.

Layer 2 — A - Data Input/Checking/-Output
B - Links to Other Levels

2A. The detection and measurement of the status
and of the actions occurring in Layer 1 are con-
tained in this layer. This layer represents the eyes
and ears of the CIM System. This includes the
determination of the values of such variables as
temperature, level, pressure, chemical analysis,
position, weight, etc., from sensors and detectors.
Alsoincluded are inputs from touch screens, mice,
bar code readers, etc. Typical system actuators
would include valves and valve positioners,
hydraulic drives, solenoids, relays, CRTs, printers,
etc.

2B. Where higher level functions are involved
such as overall production scheduling in large
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industrial production plants (Figure 5-2), then
Layer 2 represents the link to other computer and
control equipment involved in implementing the
task described. In the case of Overall Production
Scheduling (which itself takes place in Levels 4A
and 3 of the hierarchical system of Figure 3-1 or
3-2) thiswould include all elements of Levels 1 and
2 of the latter diagram.

Layer 3 — Communications

Layer 3 moves the data within the system. The
clients of this communication system would be
the various computer systems and databases
which manipulate and store this information and
the various functional entities which use the
resulting information. Likewise data to and from
the operating units of the plant must be brought
back to Layers 1 and 2 and other layers by the
communications systems. Also included in this
layer are device gateways and drivers as/if re-
quired. Real time and transactional communica-
tions are to be determined by the characteristic of
the task.

The communications structure should, as far as
possible, follow the OSI model and agreed upon
industry-wide standards fortheirimplementation.

Layer 4 — Process/Task Database

The global database of the factory or plant resides
in this layer. It becomes the collective memory for
the CIM system. This database will be distributed
as determined by the implementation plan. The
authority and responsibility for the several data
maintenance functions will be determined by job
function.

Layer § — Computer System Elements

Exact content at this layer will be determined by
the functional requirements of the system, but
must encompass the entirety of the intelligent
computing devices contained in the CIM System
which are required for the task at hand. Examples
include computers, disks and database machines.

11 TASK STATEMENT 11

10 SPECIFIC PROCESS OR 10
PLANT MATHEMATICAL
MODELS

SOFTWARE ==t

9 GENERIC ALGORITHMS OR PROCEDURES 9

8 HIGH LEVEL LANGUAGE SOURCE CODE TASK PROGRAMS 8

7 TASK PROGRAMS 7

6 SYSTEM RESOURCE MANAGERS, E G, OPERATING SYSTEM, DATABASE MANAGERS, 6
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Figure 5-1 Proposed generic form of the implementation hierarchy view of the CIM system.




THE IMPLEMENTATION HIERARCHY

Layer 6 — System Resource Managers

This layer contains the software which allocates
and manages the elements which comprise the
system. Examples are operating systems, database
management systems, network managers, system
utilities and data dictionaries.

Layer 7 — Compiled or Interpreted Code

This layer represents the program as actually ex-
ecuted by the computer system. It may be stored
Inrandom access or read only memory as required
by the application at hand.

In some special applications, programs may need
to be cross compiled and run on two or more
different machines under different operating sys-
tems.

Layer 8 — High Level Language Source Code

This layer contains the source code in the form of
a high level language such as Ada, FORTRAN, C or
4th generation languages.

Layer 9 — Generic Algorithms/Procedures

Each process has calculation, algorithmic or
modelling requirements. These would reside in
this layer and service the lower layers. Examples
would be linear programs as used for a catcracker
optimization routine or a dynamic optimization
technique as used for robot optimal path deter-
mination.

Layer 10 — Specific Process or Plant Mathematical
Models

For certain applications models must be included
asrequired. These models allow simulation of the
process to generate information not otherwise

b OVERALL PRODUCTION SCHEDULING IN LARGE INDUSTRIAL PRODUCTION PLANTS 1
(ITEM |, TABLES 3-VII, VI, PP 32-34} (TASK 2 FIGURE 4-3 AND FIGURE 4-5}
10 MATHEMATICAL MODEL OF THE 10
OVERALL PLANT PRODUCTION
SYSTEM (77, 94] w
o
9 | tINEAR PROGRAMMING [37] AND GOAL PROGRAMMING ALGORITHMS AND PROCEDURES (72, 76] | 9 g
8 NATURAL, COBOL IMS AND/OR FORTRAN HIGH LEVEL SOURCE PROGRAM 8 é
7 COMPILED OR INTERPRETED TASK OBJECT PROGRAM 7
6 1BM, MV5-XA (LEVEL 4A) AND DEC, VMS (LEVEL 3) OPERATING SYSTEMS WITH REMOTE 6
ADABAS OR IBM, DBII DATABASE MANAGEMENT SYSTEMS
5 1BM 3090 OR AMDAML 5890 AT LEVEL 4A, DEC VAX 8800 AT LEVEL 3 5
4 PRODUCT ORDER BOOK INVENTORY AND CURRENT PLANT PRODUCTION 4 w
STATUS DATA ENTRIES {5, 57, 83] z
=
3 SNA OR HYPER CHANNEL BETWEEN LEVELS 4A AND 3 3 Q
DECNET BETWEEN LEVEL 3 AND LOWER LEVELS <
2 INTERMEDIATE LEVELS OF COMPUTER AND CONTROL EQUIPMENT 2
1 PROCESS MANUFACTURING EQUIPMENT 1

Figure 5-2 Use of the Implementation hierarchy view to illustrate the overall production scheduling task [89].
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available. Uses would be supplying unmeasurable
data, verify existing data or predicting future data.
Examples are process unit models for advanced
control systems or business models for scheduling
functions.

Layer 11 — Task Statement

Description or specification of the task or function
to be accomplished (the application functions of
the manufacturing plant) would reside at this
layer.

SOME EXAMPLE IMPLEMENTATION
HIERARCHY VIEWS

Figures 5-2 and 5-3 present two examples of
Implementation Hierarchy Views from among the
tasks developed in Chapters 3 and 4. Those
chosen are Overall Production Scheduling (Item I,
Tables 3-VII, VIII, and Task 2, Figure 4-3 and Figure
4-5) in Figure 5-2 [89] and Control Enforcement
(Item 1I, Table 3-X and Task 3.3.3, Figure 4-9) in
Figure 5-3. As noted above these are presented as
examples and no attempt will be made here to
produce examples for all the possible functions
since they tend to be implementation specific as
shown by Figures 5-2, and 5-3.

1 DYNAMIC PROQCESS CONTROL OF PRODUCTION PROCESS (ITEM [I, TABLE 3-8, AND 11
TASK 3 3 3, FIGURE 4-9) (DISTRIBUTED CONTROL SYSTEM)

10 DYNAMIC MATHEMATICAL MODEL 10
OF PROCESS IF REQUIRED FOR
ADVANCED CONTROL FUNCTIONS

9 APPROPRIATE PID ALGORITHMS AND RELATED SEQUENCING FUNCTIONS AS REQUIRED 9
ADVANCED CONTROL FUNCTIONS ALSO AVAILABLE, EXACT FUNCTIONS SELECTED BY MENU
FROM THOSE AVAILABLE FOR THE SPECIFIC CASE UNDER CONSIDERATION {114, 117]

8 ORIGINAL HIGH-LEVEL PROGRAMS WRITTEN BY VENDOR IN C, PASCAL, OR ADA 8
SOURCE CODE USUALLY RETAINED BY VENDOR
7 OBJECT CODE USUALLY BURNT INTO READ-ONLY MEMORY (ROM) BY VENDOR 7
UNCHANGEABLE BY USER [114]
6 OPERATING SYSTEM AND DATABASE SYSTEM USUALLY PROPRIETARY TO VENDOR 6
AND ALSO PRESENTED IN READ-ONLY MEMORY
5 ONE OR MORE MICROPROCESSORS PER OPERATING MODULE VARIETY OF MODULES 5
AVAILABLE TO CARRY OUT EACH FUNCTION OF THE OVERALL PROCESS CONTROL TASK [114]
4 | DATA BASE CONSISTS OF CURRENT VALUES OF UNIT'S OPERATING VARIABLES 4
PLUS THE REQUIRED SYSTEM PARAMETERS
3 | VENDORS PROPRIETARY DATA HIGHWAY SYSTEM USUALLY COMPATIBLE WITH MAP [22, 104] | 3
PROWAY (4, 17, 104] OR RELATED STANDARDS
2 SYSTEM SENSORS AND DETECTORS SYSTEM ACTUATORS 2

1 PROCESS MANUFACTURING EQUIPMENT 1
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Figure 5-3 The Implementation hierarchy view of the dynamic process control task in the manufacturing plant.
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