Journal of Manufacturing Systems
Vol. 19No. 1
2000 A

Manufacturing Planning and Execution

Software Interfaces

Shaw C. Feng, Manufacturing Systems Integration Div., Manufacturing Engineering Laboratory,
National Institute of Standards and Technology (NIST), Gaithersburg, Maryland, USA

Abstract

Process planning and manufacturing execution systems
provide two major functions in a product development cycle.
Industries require the systems that support these two func-
tions to be able to integrate with other related manufacturing
systems, such as design, resource planning, production
scheduling, and equipment control. However, there are infor-
mation barriers to the integration of commercial systems in
these areas. This paper presents an activity model for man-
ufacturing execution and a set of foundation interfaces, iden-
tified in an object model, that have been developed to cope
with the problem. The interfaces are intended to be a base
from which they evolve as the new technology and industrial
practices emerge.
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1. Introduction

The integration of a manufacturing execution sys-
tem (MES)' with related manufacturing applica-
tions, such as computer-aided design (CAD), com-
puter-aided process planning (CAPP), computer-
aided manufacturing (CAM), scheduling, enterprise
resource planning (ERP), and equipment control
systems, is a relatively new practice. Many indus-
tries currently use a MES for managing factory floor
information and activities to increase productivity
and improve quality. Examples of factory floor
information and activities are resource allocation,
dispatching production units, quality management,
operation planning, detailed scheduling, labor man-
agement, product tracking, and keeping records of
product genealogy. Because CAD, CAM, CAPP,
ERP, control, and scheduling systems support linked
sets of activities and information flow, it is benefi-
cial to industrial users if these manufacturing soft-
ware systems can exchange data and messages
(function calls) with each other in a diverse comput-
ing environment. This means that the MES has to be
an integrated component of a manufacturing system.

A feasible way of meeting this industrial need is
to develop a mechanism to allow software, on a
variety of platforms, to exchange data and mes-
sages. One way to develop such a mechanism is to
design a system of standard interfaces so that dif-
ferent software systems can “plug and play.” It 1s
possible to develop such a system of interfaces
using available technology in software “‘gluing.”
also referred to as middleware. A set of foundation
interfaces has been developed for manufacturing
planning and execution to cope with the integration
and interoperability problems. These interfaces are
documented in this report.

To better understand a MES and its relationship to
other manufacturing activities, this document pro-
vides the following theoretical basis: a definition of
a MES, the context in which a MES performs, its
functions, and fundamental interfacc objects of a
MES. In addition to this section that introduces the
foundation interfaces for manufacturing process
planning and execution software integration, section
2 provides a definition of a MES, section 3 describes
current methodology and technology for manufac-
turing software integration, and section 4 contains
the interfaces and the context in which they arc
developed and used. Section S concludes the paper
with a call for continued development of standard
MES interfaces.

2. Manufacturing Execution System

The primary goal of a MES is to provide an infor-
mation system that can be used for optimizing pro-
duction activities in a manufacturing facility with
the focus on quick response to changing conditions.
Some subgoals of a MES are as follows:?

1. to improve communication inside a facility; for
cxample, part programs can be electronically
downloaded from CAM systems to machinc
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tools and production activities can be resched-
uled to reflect unexpected machine down time or
production priority changes,

2. to improve communication capability between
production and other activities in a manufac-
turing enterprise, such as product design,
process planning, resource planning, supply
chain management, service and sales, and
equipment control,

3. to monitor production to control operations
within desired performance parameters,

4. to provide up-to-the-minute communication
between the facility and facility management,
and

5.to better manage production-related data,
including resource data, performance data,
process data, job scheduling data,
equipment/device control programs, and so on.

A definition of a MES can be given as follows:

A MES is a sytem that consists of a set of inte-
grated software and hardware components that
provide functions for managing production
activities from job order launch to finished prod-
ucts. Using current and accurate data, a MES
initiates, guides, responds to, and reports on pro-
duction activities as they occur. A MES provides
production activity information to other engi-
neering and business activities in the enterprise
and its supply chain via bidirectional communi-
cations.

This dcfinition is derived from a definition given in
the Manufacturing Execution Systems Association
(MESA) International White Paper 6 [Ref. 3]. In the
paper, only major functions in a MES are described.

3. Manufacturing Planning and
Execution Technology Integration
Status

Standard interfaces for a MES are necessary to
solve the integration problems in a heterogeneous
environment. The standard interfaces usually evolve
from a series of three stages. (A related study on dif-
ferent maturity levels of standard interfaces is
described in Mowbray and Zahavi.!) In the first
stage, developers of a software system develop the
specification of proprietary, vendor-specific inter-

faces. They are different from one system to another.
Users/integrators have to develop translators for
exchanging data between any two different systems.
Consequently, the integration cost to software users
is usually high. To alleviate the problem of interface
incompatibility, some users and vendors join a con-
sortium to develop a common set of interfaces which
is sharable among users and vendors. This sct of
common interfaces is a product in the second stage.
Common interfaces usually lead to some integration
cost reduction. However, different consortia may
develop different sets of interfaces, which are often
incompatible, for the same application domain. More
users and vendors realize the needs of creating stan-
dard interfaces based on consensus on thc interna-
tional level. Thus, the final stage is interface stan-
dards development. Users, vendors, and researchers
jointly develop interface standards, which are open,
neutral, and internationally accepted.

Currently, commercially available manufacturing
planning systems and execution systems operatc on
different hardware and software platforms, and these
platforms arc almost all incompatible with each
other. To address this incompatibility, Object
Management Group’s (OMG) Common Object
Broker Architecture specification (CORBA)* speci-
fies a mechanism for software objects to interopcrate
on heterogeneous, distributed computing platforms.
In CORBA, a portion of an application is either a
client, which requests services, or a server, which
provides certain services. Between a client and a
scrver, a software broker matches requests made by a
client to services provided by a server. Clients and
servers can be written in a variety of programming
languages and located on different platforms in a net-
worked computing environment. To enable CORBA-
based communications, the boundarics between
client and server must be specified in CORBA's
Interfacc Definition Language (IDL). Such a specifi-
cation can then be used by a compiler, in a CORBA
toolkit, to generate stub and skeleton code with
which to glue applications together. These stubs and
skeletons provide communication functions and an
Application Programming Interface (API) accessible
from a high-level language such as C or C++.

The Computer Integrated Manufacturing
Applications Framework (CIMF), developed at
Sematech.® has adopted the basic strategy of manag-
ing manufacturing information using CORBA. The
CIMF is designed for sharing planning and opera-



ACTIVITY MODEL GRAPHICAL REPRESENTATION

Specifications Planning Policies
l Tool, Equip.
Maint. Order
Market/Customer Product
Requirements >l Develop Products > Delivery
- > Service
Delivery
Actual
» production
A\ A A A Steps
CAD/CAPP/
CAM/PDM
Scope: Standard Machine Tools
Manufacturing Part
Execution in Libra
Product "y Mig. Knowledge
Development
Purposef: Set the ERP/MRPII
context for MES )
Manutfacturing Design Knowledge
Planning and SSM
Execution Software SCM
Interfaces
Oevelopment Controller
Figure 1
Activity A0

tional information on semiconductor wafer produc-
tion among different control and planning software
modules. The CIMF provides a set of basic entities
and their relationships for semiconductor manufac-
turing shop-floor information management. In con-
trast, the content of interfaces described in this
report enable general software interoperation in the
mechanical product manufacturing domain.

4. Foundation Interfaces

Based on the CORBA methodology, a set of inter-
faces has been developed for the manufacturing
planning and shop-floor execution information man-
agement for mechanical parts production. The goal
of the interface design is to make the interfaces
open, neutral, and extendable. The developed inter-
faces serve as a foundation on which more specific
object interfaces can be derived and made interoper-
able using CORBA. Users could extend the model
by specializing, overriding, and extending some of
the interfaces. The interfaces in this report are in the
first version. Modification and enhancement of the
interfaces will take place in the future as the tech-
nology and practices evolve.
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For the purpose of clarifying process planning
taking place in CAPP systems and some
planning/scheduling activities taking place in manu-
facturing execution systems, the boundary between
process planning and detailed planning activities at
the manufacturing execution level is given as fol-
lows. The specification process, which defines oper-
ations, their sequences, and the selection of manu-
facturing resources before any product is produced,
1s within the scope of process planning. Detailed
operation planning and scheduling performed at the
workstation level after the work order is issued or
during the production, is within the scope of manu-
facturing execution.

Manufacturing Execution Activity Model

Based on the IDEF(O methodology and techniques’
and existing high-level manufacturing process mod-
els in Harrington® and Bauer et al.’ an activity
model* of product development has been developed
in reference to a product realization model in
Barkmeyer, ed.!® The top-level activity is Develop
Products (A0), as shown in Figure 1. This activity is
decomposed into a series of six subactivities, as
depicted in Figure 2. The Engineer Product and
Process (Al) activity relates to designing products
and generating a manufacturing process plan and
alternative plans. Product design engineering
includes functional requirements, conceptual design,
embodiment design, detailed design, design analy-
sis, and the specification of the bill of material.
Manufacturing process engineering includes process
selection, operation planning, workpiece routing,
and equipment/device control program generation.
This activity provides design and processing infor-
mation for the downstream resource planning and
manufacturing execution. The decomposition of
engineer process activity, which is equivalent to
process planning, can be found in the NISTIR 5808
[Ref. 11].

The Plan Enterprise Resources (A2) activity
relates to analyzing parts and performing make/buy
decisions for all the parts, including developing a

* An activity is indicated by its name in a box. Input data, which are trans-
formed by the activity to the output data, arc on the left side of the box
with arrows pointing to the box. Control data, which are used to regulate
the internal process of the activity, are above the box with arrows point-
ing to the box. Mechanism data, which support and enable the activity,
are below the box with arrows pointing to the box. Output data are on the
right side of the box with arrows pointing to the output data from the box.
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Activity A0—Develop Products

business plan and schedule to acquire necessary
resources and/or to produce products for the mar-
ket. The enterprise resources include material, fin-
ished parts, equipment, and labor skills. The enter-
prise resource planning function includes finan-
cial and order management, production and mate-
rial planning, master production scheduling,
capacity requirement planning, and job definition.
It also includes business process planning and
resource requirement specification. The Acquire
Resources (A3) activity relates to purchase
resources from suppliers to meet the production
schedule, based on the resource requirement plan
specified in A2. This activity is supported by sup-
ply chain management, which includes distribu-
tion, logistics, transportation management, and
advanced planning. The Execute Manufacturing
Orders (A4) activity relates to the manufacturing
exccution functions and is further decomposed to
sct the context for the development and usc of the
foundation interfaces. Based on the production
plan and master schedule, A4 is to initiate, guide,
respond to, and rcport on production activities as
they occur. The Manage Sales and Services (A5)
activity relates to managing sales of products and

services to customers, including product delivery
and receipts, product configuration, customer
orders, quotes to customers, product returns, and
post-sale service. Finally, the Control Equipment
and Process (A6) activity relates to the use of pre-
programmed instructions to control and monitor
equipment motions and processes in real time.
Activity A6 usually involves distributed numerical
control, programmable logic control, and factory-
floor data collection.

Activities Al. A2, A3, AS, and A6 are there to
show their relations to A4. The Engineer Product
in Al, A2, A3, A5, and A6 are out of the scope in
the interfaces development. In addition to NISTIR
5808, a detailed dimensional inspection process
planning model for discrete part inspcction in the
product development cycle is given in Feng."?

A4 is decomposed into the following four subac-
tivities, as shown in Figure 3:

A41—Develop Operation Sequence & Detailed
Schedule
Based on the production plan and the master
production schedule, define, sequence, and
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Activity Ad—FExecute Manufacturing Orders

schedule operations locally on the levels of
workcell, workstation, and machine to opti-
mize productivity, such as minimize setup
time, maximize throughput, minimize idle
time, minimize qucue time, and adjust shift
pattern when new priority is in effect.

A42—Dispatch Production Units
Determine which production unit in the queue
is best processed next. The objective is to min-
imize the lead time and lateness.

A43—Track Production Units and Resources
Provide the information on where any produc-
tion unit is at all times and its disposition. Also
provide the product genealogical information,
such as who worked on it, current production
information, component materials by supplier,
lot number, serial number, any rework, mea-
sured data, or other exceptions related to the
product. In the same time, provide the status
information on specified resources, such as

tools, devices, machines. and stock materials,
at all times.

A44—Manage Factory-Floor Data/Document
Provide hardware/software interface links to
obtain mission-critical data pertinent to pro-
duction activities. Collect the data from the
factory and analyze them for multiple purpos-
es, such as product throughput, quality, deliv-
cry, and equipment maintenance. Manage doc-
uments, such as cost reports., maintenance
orders, inventory reports, process change
requests, manuals, specifications, company
policies, and so on. Control the data collection,
access, and distribution. Provide versioning
control of documents, such as part programs,
operation instructions, manufacturing orders,
detailed schedules, part drawings, engineering
change notices, production unit records,
records of communication from shift to shift,
manuals, standards, company policies. safety
regulations, and so on.
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Activity Adl1—Develop Operation Sequence and Detailed Schedule

A414-—Schedule Resource

A41 is decomposed into five subactivities, as

shown in Figure 4:

A411—Develop Production Activity

Sequence production operations based on pri-
ority, characteristics, setup changes/time, mas-
ter production schedules, etc. Also, generate
alternative operation sequences to recognize
possible production changes, such as priority
changes, machine downtime, and so on.

A412—Define Production Unit

Identify a lot or batch by decomposing or
aggregating manufacturing orders. Each lot or
batch is scheduled, processed, monitored, and
tracked by the system as a unit.

A413—Schedule Production Unit

Add start and finish time information to a lot
or batch dictated by the operation sequences.
The goal is to optimize productivity and quali-
ty and to conform to the master produc-
tion schedule.

Add start and finish time information on each
resource that is used by operation(s) in the
production.

A415--Allocate Resource

Assign and make resource available to opera-
tions that nced the resource before they start.
Equipment must be properly set up. This activ-
ity issucs an assignment that associates a type
of resource and quantity of it to specific opcra-
tion(s) that need(s) the resource for a specific
time period.

A42 is decomposed into threc subactivities, as
shown in Figure 5:

A42]—Release Resources

6

Based on resource allocation, release resource
for the production activity in a timely manncr.
This activity results in physical materials, tools,
etc., being moved from inventory or a storagc
to production cells or workstations.



Journal of Manufacturing Systems
Vol. 19/No. |
2000

Too! Usage Uetaileg
I Soecicatons Schedule
— . i
— t
[ :
Schedue ~ P Celease Fqup. Operaon
Resource Resources LT - — - 'nstructons
Schedule T ——>I
gl L) :
Resource ¥
Release Oroer
Y y v Task
— Assgnments _
Parsonnet : —¥ ( .
Assgnment t - — » :
P —» !
A422 !
Productior Lo :
rgers H
!
| -
L Release
B : Producton Unts - §» 3eleased Livts H
(pe-ation '
Sequence "7 T —— » M23 i
|
I
Figure 5

Activity A42—Dispatch Production Units

A422—Direct Personnel
Assign workers with adequate skills to perform
specific operations according to the detailed
schedule.

A423—Release Production Units
Based on the detailed schedule, release produc-
tion units to workcells or workstations and ini-
tiate processing the production units.

A43 1s decomposed into five subactivities, as shown
in Figure 6:

A431—Track Resources
Follow up and monitor the status of resources.
On-line track resource usability and consumption.
Create a record of history of resources that are
necessary to be traced.

A432—Monitor Personnel
Follow up personnel status and report the sta-
tus. The report includes attendance, labor skill
changes, job assignments, time performed on

each assignment, and material/tool prepara-
tion time.

A433—Manage Process

Monitor a production process and make timely
decisions to adjust detailed schedule and process
plan when unexpected situations occur. These
activities should be coordinated with the process
and equipment control functions. Process man-
agement includes alarm management to makc
sure factory person(s) arc aware of process
changes that are outside acceptable tolerances. It
also includes process setup and tool preparation
before production units are dispatched for pro-
cessing. It maintains a history of past events or
problems to aide in diagnosing problems.

A434-—Manage Quality
Provide timely analysis of measurements collect-
ed from products and processes to control product
quality. Check the current production rate with
the detailed production schedule. Identify prob-
lems in production requiring attention.
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Activity A43—Track Production Units and Resources

Recommend proper actions to correct the prob-
lems. Make the statistics and status of products
and processes visible to production/business man-
agement personnel.

A435-Track Products
Monitor the progress of production and provide
up-to-the-minute report on the production status,
such as the quantity of a product made, scrap rate,
rework rate, and the comparison to the production
schedule.

A44 i1s decomposed into three subactivities, as shown
in Figure 7.

A441 - Collect Production Data
Using data collection devices, acquire data by
measuring and sampling workpieces, products,
and production processes to support the man-
agement of product, quality, and process.

A442—Analyze Data
Using collected data and adequate algorithms,
analyze the data and generate record and reports

and make them available for decision making
and product tracking.

A443—Manage Document
Collect (or generate), maintain, and distribute
production-related documents and records to
support the production, factory-floor decision
making, and product traceability.

A441] is further decomposed into three subactivi-
ties, as shown in Figure §:

A4411  -Receive Workpiece Measurements
Using factory-floor data collection devices,
acquire and collect measurements on work-
pieces, labor records, process conditions to
monitor the process performance and product
quality.

A4412—Acquire Production Unit Condition
Using data collection mechanisms, such as bar
code readers or manual input devices, acquire
data on the production units to detcrmine where
they arc and how many units of a product have
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Activity Ad4—Manage Factory Floor
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Activity A441—Collect Product Data




Journal of Manufacturing Systems
Vol. 19/No. 1
2000

Specihcatons
- - — ﬁ| — —
Quakty '
. .—  Statistics |
Perlorm
1ace Statistical ) )
Measurements - Analysis |
I 8421 _] |
Resource Tt N
Statistics ‘ —p N\?hlynhmm —_ —1 _— _— _— # Production Status
roughpt
o _ -—l— — ———  Cost Report
Status T - O
l 422 |
| : e
thics
‘ S L. P{_mvm Product - . e Product Genealogy
; P
Production | "= — # Fesource Avaab-ty
unt Statss —~ { - o » )
[ Ad423
Product
; ’ | Comporent S Process
i : - — —¥ analyze Mactine: - m
ST N _ ’l Porsonoel oo, Equp s
Tool & Eoug 1 Performance P Maint Oroer
Status - — > — - Personnel Data
Fesource Status —— ; - R B Add24. » Resource Data
i S g
Data
Analyzer
Figure 9

Activity A442—Analyze Data

been finished. Provide on-line, up-to-the-
minute product status information. The data are
made available and visible to production as well
as business management.

A4413—Monitor Equipment Condition
Using the data measured from product and
process, indicate the status of tools, devices,
and machines being used in production to deter-
mine whether they are still proper to function or
need adjustment or maintenance.

A442 is further decomposed into four subactivities,
as shown in Figure 9:

A442]—Perform Statistical Analysis
Conduct statistical analysis on data collected
from the shop floor for tracking process perfor-
mance and ensuring product quality.

A4422—Analyze Product Throughput
Calculate the quantity of a product completed,
check it against the schedule, and make it avail-
able to authorized personnel to view.

10

A4423—Provide Product Genealogy

Create record on the product for traceability,
including operations, process parameters, lot
number, batch number, supplier, operator
identifications, product measurements, and
any exceptional processing conditions
occurred. Make the record available to autho-
rized personnel.

A4424—Anulyze Machine/Personnel Performance
Using the collected process data, analyze
machine usage, production rate, capability, and
estimate maintenance schedule. Also, analyze
worker’s performance, such as productivity,
labor skill, and attendance record.

A vocabulary that facilitates reading the activity
model is documented in the Appendix. Vocabulary
includes two subsections: Terminology and ICOM
(Input, Control, Output, and Mechanism) Data
Definitions. Common terms referred in activity and
ICOM data definitions are defined in the terminolo-
gy subsection. All the data elements in [COM are
defined in the subsection of ICOM definitions.




Foundation Interfaces

The interfaces are specified using CORBA IDL
and documented in a NIST report.”* Some of them
are derived from the activities of process planning,
manufacturing execution, and their subactivities.
Interface entities are developed. Attributes within
each entity are based on the ICOM in the IDEF0
diagram in the previous section. Methods within
each entity are based on the activities or subac-
tivites in the IDEFQ diagram. For example, the
Equipment Tracking interface corresponds to activ-
ity A431 Track Resources, and the interface
Operation Sequencing corresponds to activity
A411 Develop Production Activities. Equipment
Tracking consists of one attribute of Equipment
and two function calls, track_equipment and
report_status, and this interface is used to define
objects that are used for tracking a piece of machin-
ery or a tool used in processing a workpiece in a
factory and reporting the status of the equipment.
The interface entities are organized into two mod-
ules: the manufacturing process planning module
and the manufacturing execution module. Each
module contains data structures, interfaces, and
type definitions.

A scenario of using these interfaces can be
described as follows. Based on the CORBA speci-
fications, the use of these interfaces is to develop
clients in the user’s end and servers in the service
provider’s end. Clients are customers that use MES
modules, such as job planning, job tracking,
machine status, and tool usage. Typically in a fac-
tory, clients are those who need to develop produc-
tion plans, dispatch tasks, develop resource plans,
and so on, as well as those who need to acquire
information on job status, resource status, and
abnormality reports. For example, these people are
typically production engineers, factory managers,
product and process engineers, and business man-
agers. On the server side, those service modules
that are located on computer servers are imple-
mented by the interfaces and can be called by
clients. Connection between a client and a server
that is requested by the client is based on CORBA
interconnection protocols and technology.

5. Concluding Remarks
A set of foundation interfaces using CORBA/IDL
for process planning and manufacturing execution
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software modules has been identified through object
modeling. The interfaces will enable software mod-
ules in various hardware/software platforms and in
different locations to exchange data and messages
with each other. The object model in IDL will be
updated to reflect emerging technologies and indus-
trial practices in the future.

There is a major advantage in using CORBA—an
open specification. The interfaces specified in this
paper can not only be implemented in CORBA
Interface Definition Language (IDL) but can also be
directly implemented in web-friendly languages.
such as JAVA and XML; however, there are some
potential problems in using CORBA. Because the
CORBA technology is still evolving, some basic
communication protocols defined in CORBA have
not been rigorous enough; therefore, they are subject
to implementers’ interpretations. This will cause
failure in interoperability among clients and servers.
Clients and servers that are created by different
developers may not be able to communicate with
each other.

For future work, these interfaces will be taken to
standard bodies, such as OMG, as an input from
NIST through the NIST participation. Also, the
interfaces developed here can be used for testing
commercial implementations in a MES testbed
being established at NIST.
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Appendix

Terminology
The following terms are used in activity and
ICOM definitions.

Batch:

One or more lots are identified as one group that is
treated by some processes as a unit. After the batch is
treated, the batch can be dissolved and individual lots
are routed separately.

Job:

A batch or lot that is scheduled to be released for
production. (A more detailed description is given in
Ref. 10.)

Lot/Load:

One or more parts/components in a group that travel
through the production process as a unit. Lot and load
are synonymous. A lot has a release date and time, a
due date/time, and an actual finished date/time.

Production Unit:

In a manufacturing facility (factory or shop), a prod-
uct unit can be a batch, lot, or single part. Each pro-
duction unit has a unique identification, maintained
by the system.

Resources:

Skills and physical entities that are required for per-
forming production activities. Examples are stock
materials, equipment (machining centers, automati-
cally guided vehicle, robots, measuring machines,
and so on), tools (fixtures, cutters, adapters, hand
tools, gages, computer programs, tapes, and more),
labor skills, and energy.

Input, Control, Output, and Mechanism (1ICOM)
Data (information flow) Definitions

Actual Production Steps:

An actual production step is a detailed instruction to
equipment or workers to execute production activity,
such as load tools to a machine, start a milling cycle,
drill a hole, check the actual dimension of a feature,
and so on.

CAD/CAPP/CAM/PDM:
The computer systems for product design and model-

ing (CAD), engineering, process planning (CAPP),
machining numerical control programming (CAM),
product data/process management (PDM). A system
includes interface, data repository, and data process
software. "

Controller:

Usually hybrid hardware/software  systcms.
Examples arc distributed control systems (DCS),
programmable logic controllers (PLC), distributed
numerical control (DNC), and supervisory control
and data acquisition (SCADA) systems.

Cost Report:

A report on the manufacturing costs of producing a
part. It contains the costs of material, labor, usage of
equipment, and so on.

Data Analyzer:

A software component that provides up-to-the-minute
report of actual manufacturing operations results
along with the comparison to past history and business
expectations. The results include such measurements
as resource utilization, resource availability, product
cycle time, conformance to schedule, and performance
to standards.

Data Collection Methods:

The use of data collectors to obtain information on
workpieces, timing, personnel, lots, and other crit-
ical entities for production management in a timely
manner.

Data Collector:

A collection of devices with control software that are
linked to factory-flow production equipment to gather
data either manually or automatically from the manu-
facturing facility in an up-to-the-minute timeframe.

Delivery Schedule:
The schedule of delivery of purchased resources.

Design Knowledge:

The information (rules, logic, or examples) that a
human designer brings to bear on design problems,
including design techniques and implementation tech-
niques. Many different types of design knowledge are
used in different design activities, such as decomposi-
tion knowledge, assignment knowledge, consolidation
knowledge, and optimization knowledge.



Detailed Schedule:

A plan that specifies starting time and finished time of
each production unit in the queue locally to an area in
the manufacturing facility, such as a workceell, a work-
station, or a machine.

Document Controller:

A mechanism, usually software, that controls
records and forms that support product life cycle
activities, such as manuals, drawings, computer
models, procedures, recipes, programs, engineering
change orders (ECO), shift-to-shift communication
records. and so on.

ERP/MRPII:

Enterprise  Resource  Planning (ERP) and
Manufacturing Resource Planning (MRP) II are the
systems that provide financial, order management,
productions and materials planning, and related func-
tions. The modern systems focus on global planning,
business processes, and execution across the whole
enterprise (intra-enterprise systems), with an accrued
recent importance of aspects like supply chain plan-
ning and the whole supply chain management aspects
and extending to include the whole inter-enterprise
supply chain.

Equipment Operation Instructions:

Specific operation steps or recipes that are used to
control machine movement, such as machining, weld-
ing, assembly, material movement, and so on.

Labor Records:

A labor record is a piece of data that records the time,
attendance, tasks performed, tasks assigned, skill level,
and certificates of a worker.

List of Purchased Resources:

A list of resources that are purchased from suppliers.
For each resource item, the list contains resource num-
ber, description, purchased date, quantity, cost, and
other related information that is company specific.

Machine Tools:

A machine tool is a machine with accessories that pro-
vides the capability of machining, such as milling,
turning, drilling, and grinding.

Manufacturing Bill of Material (BOM):
A list of parts that are scheduled to be manufactured in
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the factory. For each part, the BOM contains part num-
ber, description, quantity, description, and so on.
Manufacturing BOM is the manufacturing version of
product structure and part list in a corresponding pro-
duction system, known as “as-built configuration,”
which support manufacturing engineers to consider
additional information when planning how to manu-
facture the product, such as manufacturing capabili-
ties, physical assembly possibilities, and the availabil-
ity of parts.'

Manufacturing Execution System (MES):

A production activity management system that ini-
tiates, guides, responds to, and reports on produc-
tion activities on-line and in real time to production
management people. The system aids the Execute
Manufacturing Orders activity.

Manufacturing Knowledge:

The information (rules, logic, examples) that a
manufacturing engineer brings to bear on manufac-
turing engineering problems, including production
techniques and implementation techniques. Many
different types of manufacturing knowledge are
used in different manufacturing activities, such as
decomposition knowledge, assignment knowledge,
consolidation knowledge, and optimization knowl-
edge, which are used in process planning, resource
planning, production planning, and scheduling.

Manufacturing Orders:

Instructions that are sent to factories to start jobs
to fulfill customer orders. The starting dates are
specified in the manufacturing order according to
the production plan and the master production
schedule.

Market/Customer Requirements:

A list of customer needs based on market
studies, detailed evaluation of the competition, and
review of all available literature. It includes the
description on product performance, appearance,
delivery time, target price, volume, safety, and
environment. '

Master Production Schedule:

A plan that specifies starting time and finishing
time of each job in the job queue that are for pro-
ducing products required by customers. The plan
contains job IDs, starting dates, and due dates.



Journal of Manufacturing Systems
Vol. 19/No. |
2000

Operation Sequence:

A set of step-by-step instructions that specify how to
perform tasks to process a workpiece in a local area,
such as a machine, a workstation, a workcell.

Personnel Assignments:

A list of workers who are assigned to perform specif-
ic operations in the production plan. Each worker 1s
assigned to perform or monitor one or more opera-
tions, usually, with due dates.

Personnel Data:

A record of personnel assigned to perform production
activities. It provides work hours, on-station time,
skills, certificates, and so on.

Personnel Reassignments:
Requests to reassign workers to new tasks.

Personnel Tracking Component:
A software component in a MES that aids users to
track workers in a manufacturing facility.

Planning Policies:
Rules, regulations, strategies to plan business, engi-
neering, and production activities.

Process Adjustments:

Requests from operators to process planners to mod-
ify the process plan or to adjust certain predefined
parameters to improve process performance.

Process Change Request:

Feedback from factory-floor production requesting
changes to process plan when some problems in the
process plan were found. Changes can be process para-
meter changes, tool changes, setup changes, and so on.

Process Management Component:
A software component in a MES that aids users to
manage processes.

Process Performance:

Measures of how good parts, components, and prod-
ucts are produced by a process. Process performance
include production rate, product quality, and process
capability.

Process Plan:
A plan that specifies operation sequences, equip-

ment, and process parameters for manufacturing a
product.

Process Status:

A report of the conditions of a process being moni-
tored. The report includes alarms, process changes or
shifts, workpiece throughput, and so on.

Product Bill of Material (BOM):

An index to illustrate the structure and detailed infor-
mation of product, component and part, known as
“as-designed configuration” or “Engineering BOM-
EBOM.” It includes the item number of letter, the
part number, the quantity needed in the assembly, the
name or description of the component, the material
from which the component is made, and the source of
the component.'s"

Product Delivery:
Move finished products to customers who requested
the products.

Product/Process Statistics:
Measurements and statistical analyses of process per-
formance and quantities and the quality of products.

Product Genealogy Component:

One of the components in a MES that provides the
visibility to where work is at all times and its dispo-
sition. Product genealogy information may include
who worked on the product, components materials by
supplier, lot, serial number, current production condi-
tions, and any alarms, rework, or other exceptions
related to the product. This information provides
traceability of each part and component.

Product Inventory:
The inventory information on a product. The information
is updated when finished products are sent to storage.

Product Order:

Quantities of parts or products to be produced, usual-
ly with nominal delivery dates, as specified by enter-
prise sources external to the manufacturing facility.

Product Status:

Current conditions of a product, including the quan-
tity of the product made, check it against the sched-
ule, measurement and test results, and any excep-
tional process conditions occurred.



Product Tracking Component:
A software component in a MES that aids users to
track resources used in a manufacturing facility.

Production Activity Planning Component:
A software component in a MES that aids users to
plan production activities.

Production Orders:

Instructions that are sent to a local area of a factory to
start processing a production unit with the starting
date and time and the ending date and time.

Production Statistics:

Measurements and statistical analyses of the pro-
duction process and the quantity and quality of
products being produced.

Production Status:

A report on the state of all scheduled operations
and production units. This also includes the infor-
mation on resources, process setup, job schedule,
and material routing.

Production Unit Definition:

Definition of a lot or a batch. It includes an ID,
number of workpieces, and the descriptions of the
workpieces. Each workpiece may have a senal
number. In the product record, workpiece ID and
production unit [D are associated.

Production Unit Routing:

A plan that specifies the traveling route of a pro-
duction unit in a manufacturing facility. The plan
also specifies stops for processing and queuing.

Production Unit Scheduling Component:

A software component in a MES that aids users to
schedule production unit to be processed locally in
a manufacturing facility.

Production Unit Status:

A snapshot of a product unit being processed. The
status includes the quantity of finished product,
scrap rate, rework rate, product measurements
analyses, and a check of the status with the master
production schedule.

Purchase Orders:
A purchase order is an instruction to buy certain
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resources (material, parts, components, tools,
machines, and so on) from a supplier.

Quality Statistics:

The statistical data pertinent to the quality of the
product measured in-process or post-process based
on the design specifications.'!

Released Units:
Production units that are released for processing in
the manufacturing facility.

Resource Availability:
A report on whether needed resources are available
for production during specified time periods.

Resource Data:
The data that indicate the condition of a resource
based on inspection or measurement analysis.

Resource Records:

A resource record is a piece of information that indi-
cates where the resource is located and who is using
it for which operations on which production unit for
how long. If it is a piece of equipment, the record
should also show whether it is functional.

Resource Release Orders:
A resource release order is an instruction that
requests to release resources from storage or from
current user to a new user.

Resource Requirements:
A list of resources required to support production jobs.

Resource Schedule:

A plan of control resource availability and allocation.
It specifies a group of resources that each resource is
assigned to which operation or transferred from onc
place to another in a specific time period. Only
resources that are used/shared by multiple workcells
or workstations are on the resource schedule.

Resource Scheduling Component:

A software component in a MES that aids users to
schedule the release of resources to workcells, work-
stations, and/or machines.

Resource Statistics:
The statistical data pertinent to the state of
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resources inspected or measured in-process or
post-process.

Resource Status:

A snapshot of a resource used in production. The
conditions, location, and service time of the resource
are reported. If it needs maintenance, replacement, or
disposition, the resource is marked accordingly.

Resource Tracking Component:

A software component in a MES that aids users to
track resources being used in a manufacturing
facility.

Service Delivery:
The delivery of post-sale service to customers.

Specifications:

Sets of description of standard engineering, manu-
facturing, and business practices that guide and con-
trol the product development process.

Statistical Quality Control (SQC):

A software component in a MES that aids users to
analyze and control product quality and to monitor
process capability and shift.

Sale and Service Management (SSM):

A mechanism that supports sales force automation,
product configurations, service quoting, product
returns, and post-sale service.

Standard Part Library:

An information library or database that contains
standard parts. A standard part is a member of a class
of parts that has a generic function and is manufac-
tured routinely without reference to its use in any
particular product. Examples of standard parts are
screws, bolts, rivets, jar tops, buttons, most beams,
gears, springs, and washers.

Supply Chain Management (SCM):
A mechanism that aids users to manage the supply of
resources, including forecasting, distribution and
logistics, transportation management, electronic
commerce, and advanced planning.

Task Assignments:
Records of assigning tasks with due dates to
workers.

Tool, Equipment Maintenance Order:

An instruction indicating specific tools, machines,
or devices that need maintenance before perform-
ing any production activities.

Tool and Equipment Status:
The condition of all tools and equipment. Condition
includes the usage load, wear and tear, broken status,
and the forecasted life span.

Tool Usage Instructions:
Instructions that guide users to properly use tools in
production.

Tooling Design:

Specification of the form, function, and material of
a tool (for example, cutter, fixture, and probe). There
are two major subtypes of tooling design: (1) tool
assembly design that specifies the assembly of a tool
or fixture from standard components, and (2) special
tool design that must be fabricated.

Updated Document:
Document that i1s modified to
information.

include new

Workpiece Measurements:

The assessment and comparison of workpiece
geometry, dimension, tolerance, and functions for
the conformance to the design attributes.
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