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1 Introduction

A major actvity of the National Institute of Standards anecfinology (NIST) Manuwicturing
Systems Intgration (MSI) project is the @elopment of an open architecture that incorporates an
integrated production planning and controviganment with preisions for the detection and
recovery from anomalous situations. This document is concerned with defining the details of the
interfaces for control entities which are incorporated into amgiated system that conforms to

the NIST MSI architectural model as revised in 1992.

The purpose of this document isofield: to document the progress and current status of the MSI
architectures control entity intedces and to pwide designers and implementors with
specifications for an MSI architectural compliant control enfitye concepts presented in this
document were deloped by the MSI architecture committee and represent the consensus of that
committee as of June 1992. In 1992 the architecture committee members were Edy8arkme
Steven Ray, M. Kate Senehi, Evan Wallace and Sarah Wallace.

The remainder of this document proceeds as follows:

» Section 2 preides an werview of the MSI project, a discussion of pertinent aspects of the
MSI architecture, and a discussion of the assumptions whiehlde®en made concerning
the environment within which the system is operating,

» Section 3 discusses production plans in the ebrdkthe interaction between planners
and job controllers and the recovery from anomalous situations,

e Section 4 discusses generic data objects which are commonetalsaf the 5 control
entity interfaces,

» Sections 5 - 9 detail the 5 f#ifent control entity intedaces: the planning intexée, the job
control interbice, the planning-to-job-control intade, the guardian planning intce
and the guardian job control interface,

» Section 10 gies an gample scenario of othe diferent messages from the 5 intexés
work together to provide for the detection of and recovery from anomalous situations,

» Section 11 concludes this document by discussing future extensions to this specification.



2 Background

This section praides an werview of the MSI project (its direction, goals, and current status) and
discusses seral aspects of the MSI architecture which impact the control entity aoeerf
concepts presented in this document. The architectural issues discussed include hierarchical
control, plans and plan decomposition, the planning paradigm, the job control paradigm,
provisions for anomaly detection and recovery, and the communications paradigm.

2.1 The MSI Project

The primary goal of the MSI project is tov@éop an open architecture which incorporates an
integrated production planning and controvieonment with preisions for the detection and
recovery from anomalous situations in order to enablgilfle integration of manudcturing
systems. There are three main thrusts within the MSI project to achieve this goal:

» the deelopment of an open architecture which details the form and function of identified
systems within the architecture, and the nature of interaction between them,

» the definition of information models describing the information to be shared among the
different systems identified by the architecture, and

» the definition of communication intexdes detailing he and when systems within the
architecture exchange and share information.

A cyclic three-phased approach has been used for tletopenent of the architecture. An initial
architecture — including information models and communication adesf — \&s deeloped,
implemented and tested in 1990 and 1991 (see [Senehi, 1991a] and [Senehi, 1991b] for details).
This architecture incorporated an igetated production planning and controvieonment with no

support for the detection or re@y from anomalous situations. In 1991 and 1992 vesed
architecture w&s deeloped (incorporating the results of testing the initial architecture) and
expanded to pnade for the detection and reeary from anomalous situations.of¥ is currently
underway to implement and test this revised architecture.

The reader is referred to [Senehi, 1992] for &eraden of the reised architecture; a more
detailed paper is forthcoming. [Barkyes 1993] and [Ray1992b] present the information
models deeloped as part of theviged architecture. This paper documents the communication
interfaces that have been developed as part of the revised architecture.

2.2 Hierarchical Control
In the MSI architecture, a control entity is required to exist within a control hierarchy.

2.2.1 Control Hierarchy

The primary functions of a control hieraychre to preide reliable channels for directing the start
up and shut den of control entities, to localize planning and replanningviygti and to
coordinate the manacturing actrity of interrelated equipment. A control entity maywéaat
most, one supervisor andyanumber of subordinates. A subsystem consists of a specific control
entity and all of its subordinates.

A control hierarchy consists of three logical levels:

* The equipment leel is the lovest level of control to which the MSI architecture applies.
Within this level, there is a softare complg which drves plysical equipment. An
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equipment control entity is responsible for the planning amtidion of tasks by an
individual device; it may &ecute only one task at a time. It mayéanternal subordinate
software elements which perform primig control tasks, ut the characteristics of these
internal interfaces are not specified by the MSI architecture.

» A workcell is a subsystem consisting of a collection of equipmentadeas a functional
unit. It is coordinated by a single supervisory control entity designated dhiceil
control entity The grouping of equipment intoonkcells is based upon mafactors and
is highly facility dependent. A arkcell control entity may supervise equipment control
entities directly or subordinate wrkcell control entities, or some combination thereof.
There may be any number of “levels” of workcell management within a control hierarchy.

» The top leel control entity is the shop control entifyhe subsystem it supervises consists
of a set of wrkcell control entities in a maradturing shop which are part of the current
factory configuration. At present, the MSI architecture is limited to a single shop and there
is only one control entity at thisvel. The primary dierence between the shop control
entity and other control entities is that the shop control entity processes orders; all other
control entities process commands.

Each control entity will ®hibit at most tw interfaces to its supervisor and each of its
subordinates: one for a planning function and one for a job control function. It is possible for an
entire control hierarghto support only the planning function, in which case each control entity
exhibits only the planning intesite to its supervisor and subordinates. Such a control higrarch
would be used to plan future shifts or to testedént fictory configurations by alling what-if
planning. If a control hierarghexhibits the job control function, it must alsghgbit the planning
function.

2.2.2 Control Entities

A control entity is a pair of diérent functional architectural entities which share the same area of
focus; the tw functions that a control entity performs are a planning function and a job control
function. An entity which performs the planning function for a control entity is denoted a
“planner” and an entity which performs the job control function for a control entity is denoted a
“job controller”. As currently defined by the MSI architecture, a planner supports resource
allocation and scheduling; it mayut is not required to, support process planning and batching. In
order to accommodate as myatypes of control entities as possible, the MSI architecture
identifies a limited set of compatibility requirements for interfacing control entities.

Integrating a control entity into the MSI architecture may require five types of interfaces:
 the planning interface (commands and status for scheduling),
» the job control interface (commands and status for task execution),

» the guardian inteafce to planning (commands and status for human engon and
monitoring of scheduling activity)

» the guardian integafice to job control (commands and status for human gréon and
monitoring of task execution) and

 the planning-to-job-control inteate (commands and status for rescheduling of tasks and
anomaly recovery).

The job control intedce and both guardian intackes are required for yarcontrol entity to be
integrated into the MSI architecture. If the control entity is implemented @aséywarate entities,
one corresponding to each function, then the planning-to-job-controkiceeid required. If the
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planning function for a control entity is implemented separately from the planning function for
other control entities, then the planning inde#d is required for that control entiy conceptual
diagram depicting all fer control entity intedces is shen in Figure 1.. A more detailed
discussion of when each interface is required can be found in Section 2.2.3 on page 12.

JC-JC

Control Entity

G-IC »

P_JC /
Job Control

P-P JC-JC

Legend: P - Planning
JC — Job Control
G - Guardian

Figure 1. Control Entity Diagram

2.2.3 The Physical Architecture of a Control Hierarchy

The topology of the control hierargh(i.e., the number of control entities and their inter
relationships) is determined by constraints and coordination requirements on ysiealph
equipment and job controllers. There are no constraints placed on the planning function which
require that it be implemented as a disttéddl system, or that it be implemented tysally
correspond one-to-one to the job controllers, or that each control ®mi&yining function be
embedded within the control entityhe only requirements placed upon an implementation of a
control entity’s planning function are:

» Each job controller in the control hierayclhas some agent which is responsible for
creating and maintaining its schedule.

» Each job controller in the control hierayclhas some agent which is responsible for
addressing planning errors which the job controller detects.

Given these tw constraints on an implementation of a control ewstipfanning function, seral
valid implementations may be discussed.

Embedded Plannett is valid within the MSI architecture for the planning function for each
control entity to be embedded within the control entity itself. In tk&rgle, each planner is
required to ehibit the planning inteece. Each control entity is not required whibit the
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planning-to-job-control intedce because the control entity is not disteld; there is noxternal
interface between the planning and job control functions. The planning and job control functions,
however must support the semantics of the planning-to-job-control agerfAn &ample of such

a system is depicted in as Figure 2.

Legend: P - Planning
JC — Job Control Shop
P

JE©

Workcell
Control Entity

AN

Equipment Workcell Equipment
Control Entity] | Control Entity Control Entity

PN

Equipment Equipment
Control Entity| Control Entity

Figure 2. An MSI Architectural Compliant System with Embedded Planners

Distributed Planning Hierargh It is valid within the MSI architecture to @ a distrilnted
planning hierarcih which mirrors the control hierargli.e., a planner for each job controller). In
this example, the planner is required tehéit both the planning inteste and the planning-to-
job-control interfice because both the planning function and the control entity areutedrin
example of such a system is depicted in Figure 3.

Centralized Plannett is valid within the MSI architecture to @ a centralized planner which
plans for gery job controller in the control hierargchn this kample, the planner is not required
to exhibit the planning intedce because it is not a distribd implementation. The planner is
required to support the planning-to-job-control irded because each control entity is disted;

it must support one planning-to-job-control ingeré for each job controller in the control
hierarcly. Each control entity is a conceptual entity only; there is ysipal correspondence. An
example of such a system is depicted in Figure 4.

Each of the systems discussed describes a homogeneous implementation of all control entities’
planning functions (i.e.,very control entitys planning function is implemented in an identical
manner). It is also alid within the MSI architecture to t@ hybrid combinations of these
systems.
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Equipment| | Equipment

Job Control | Job Contro

Figure 4. An MSI Architectural Compliant System with a Centralized Planner

2.3 Plans and Plan Decomposition

A plan is a recipe for performing a procedure; it contains a set of steps whiahegrsequencing
information and details ko to perform each operation within the procedure. In the MSI
architecture, every manufacturing process begins with a plan and culminates in its execution.

2.3.1 Types of Plans

The MSI architecture recognizes three types of ﬁ!lam@cess plans, production-managed plans
and production plans. A process plan is a generic recipe describmgohperform some

1. For more detailed information about plans, their representation and their decomposition, see [Catron,

1991] and [Ray, 1992a].
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procedure in support of the production of some number (usually one) of products. A production-
managed plan is arxgansion of a process plan which supports the production of a required
number of products using avgn factory configuration; a production-managed plan reflects
decisions about part mix, batching, lot sizes and material handling. A production plan is a
refinement of a production-managed plan which identifies specific resources for each step and the
times of their usage for that step.

Production-managed plans are the principle input into the planning function; production plans are
the principle output. It is the planning functisnesponsibility to create production plans that
correspond to the production-managed plans by choosing appropriate branches of the production-
managed plan, selecting proper equipment and scheduling that equipment to perform selected
steps.

Production plans are the primary input into the job control function, andxdweiteon of the
planned operation is the primary output. Production plans detail for the job control funation ho
and when to perform a specified procedure. The job controllgedsrihe plan into a sequence of
commands to subordinate controllers or equipment which ultimately result in the motion of
equipment and thexecution of a manaicturing process. In anomalous situations, a planner may
modify in-execution production plans in order to maintain a feasible schedule for the job
controller.

2.3.2 Plan Decomposition

Because the MSI architecture dictates a control hieyaand because production-managed plans
and production plans assume a spec#ictdry configuration, production-managed plans and
production plans must be hierarchical. There will be a shagl [@oduction-managed plan to
perform a specific procedure which will be scheduled by the skiepdentrol entity creating a
shop leel production plan. The shopvkd production-managed plan will contain steps which
detail hav to perform the specified procedure in terms ofkeell operations; each step may refer

to a (subordinate) erkcell and a subordinate production-managed plan which will be scheduled
by some subordinateaskcell to create a production plan foteeuting that step in thatoskcell.

Each workcell production-managed plan, in turn, will contain steps which refer to subordinate
workcell or equipment control entities and subordinate production-managed plans. This process
of plan decomposition (or refinement for avey level of control) will continue until, at the
equipment leel, a plan is deeloped which contains only primig operations. The hierarchical
production plans will then bexecuted by the job controllers whovieabeen allocated to perform
specific steps. Duringxecution, each of the subordinate plans will bevatéd by a message on
the job control interface.

2.4  The Planning Function

There are tw primary functions of a planner: to schedule thecation of tasks for specific job
controller(s) and to assist in anomaly recovery on behalf of those job controller(s).

2.4.1 Planner Negotiation

When more than one planning system #iwed in the scheduling of an operation, planners use a
negotiation scheme to schedule and reschedulexéyugon of steps. This getiation scheme is
similar to the contract g@tiations that occur in theubiness wrld. A control entity acting as a
contracting partywill issue a request for bid to a collection of its subordinates whie tiee
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capability to perform a specified operation. Each subordinate, acting as a potential contithctor
determine when it will be able to perform the requested operation and what otrgesaetill be
affected (this may require the subordinate tgpatiate with its subordinates); it will propose a bid

to its supervisorThe supervisor will choose to accept one of the proposed bids based upon its
own internal knavledge and inform that subordinate that its bid is being accepted (this is similar
to the contracting party signing the contract). The chosen subordinate will then finalize the bid as
a contract if it is still possible to perform the operation within the proposed time frame (this is
similar to the contractor signing the contract). At this point a contrastsebetween the twv
control entities to perform a specified operation within a specified time framé&d-remainder

of this document, both bids and the resulting contracts are referred to as covenants.

During the ngotiation process, a production plan iseleped to refine a maradturing process.

Thus each ogenant is associated with a production plan and wicsav When the plan contains

steps which imolve the actions of subordinates, a swecm@nt is associated with each such step.

A covenant represents the scheduling information (for the associated production plan) which is
shared between a planner and its supervfssubcaenant represents the scheduling information
related to a specific step within a production plan which is shared between a planner and one of its
subordinates. A subcovenant is the supervisor’s view of a subordinate’s covenant.

2.4.2 Planner Recovery From Anomalous Situations

The MSI architecture specifies a functional irdedf between a planner and a job controller to
address anomalous situations which are detected by a job contfallgb controller determines

that a task is running late, cannot be started, or cannot be continued, it will request the planner to
replan the décted production plan. The planner will attempt to replan the production plan.
Properly this may inolve rescheduling steps, adding, reing, or modifying steps, orven

taking diferent production alternats. Wth current technologyit is likely that a planner will

only be able to resotv problems that can be setl by rescheduling steps. dfvin most
rescheduling cases, a planner willv@ato rengotiate contracts and subcontracts with its
subordinates and possibly its supervisor in order to regogblems; a planner mayJeato

resolve a problem by instructing the job controller to abnormally complete a task.

Planner recovery is discussed in more detail in Section 7 on page 63.

2.5 The Job Control Function

The primary function of a job controller is to perform mautdiring operations. In the MSI
architecture, a job controller may only raeetask requests from its supervisor; it will accept or
reject these requests based upon its adminisratate, thealidity of the message parameters,
and possibly other internal information.

In the MSI architecture, the job controllers use aétokf control’ scheme to monitor anceeute

tasks. A control entity willxeecute those steps in a production plan that are assigned to it. When it
encounters a step which refers to a subordinate control,entifyl pass the to&n of control for

that task to the subordinate control entity by instructing it to perform a task that corresponds to
that step. The supervisor job controller will then monitor theeution of its task by requesting

and receaiing status information from its subordinates. Theetolkf control will return to the

2. There will be multiple tokens of control for a task if there are parallel or concurrent paths in that produc-
tion plan (one for each path).
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supervisor when the subordinate has normally or abnormally completexktheien of its task.
It is also possible for the supervisor to influence the outcome of a subosliaateby issuing
messages specific to the task. Section 6 on $agewides a more detailedkplanation of the
job control task execution scheme.

During execution, gery contract made by the planner becomes a task treoaeted by the job
controller by the direction of its supervisdrhus, a task is associated with the corresponding
production plan. When the job controller is ready to initiate a step XXX by a \semat, a
corresponding subtask is created and associated with that step. A task represestutios-e
specific information related to a production plan which is shared between a job controller and its
supervisor A subtask represents th&eeution-specific information related to a specific step
within a production plan which is shared between a job controller and one of its subordinates. A
subtask is the supervissrviev of a subordinate’ task. In addition, for each task, there is a
corresponding agenant in the planning domain and for each subtask associated with a step in the
production plan, there is a corresponding subcovenant in the planning domain.

2.6 Detection and Recovery from Anomalous Situations

Anomalies can be grouped into thredetént classes based upon their cause: resource anomalies,
task anomalies and tooling anomalies. A resource anomaly occurs when a piece of equipment,
whose control entity is part of the control hiergrchecomes impaired oxleibits unepected
behaior. A task anomaly is an anomaly whicHeats a specific task only (e.g., task lateness,
workpiece damage, unanticipated task abortion, etc.); the resource on which the task is currently
being performed is unfaicted. In general, a resource anomaly will result in a task anooaky

task anomaly may not cause a resource anordalpoling anomaly occurs when a tool is
damaged. dols, as defined in the MSI architectyreiffer from other resources in that yhare

not permanently associated withyamember of the control hierarghut may be meed from
workcell to workcell as needed. The intades defined by the MSI architecture currently support

the detection and reporting of all three types of anomaligspihly addresses regery from
resource and task anomalies.

The MSI architecture pvades two mechanisms for addressing resource and task anomalies:
human monitoring and inteention, and replanning. Resource anomalies are, in generalgesolv
by the human monitoring and intemntion mechanism because the resosralilability may be
affected and the resource isdli to require maintenancea3k anomalies may be resedby
either mechanism. Each mechanism will be discussed in turn.

2.6.1 Human Monitoring and Intervention

The MSI architecture puwdes two interfaces to supportxéernal monitoring and inteention in
the otherwise automatic operation of a control entity: the guardian and the watchdog.

2.6.1.1 The Guardian Intesfice

The guardian inteaice is proided so that a control entity may reeerassistance from an operator

to resole planning or job control errors. The entity with which a control entity establishes a
connection via the guardian intack is called a guardian. The guardian is a soévomplg

with decision-making intelligence (proed by a human operator or an automated intelligent

3. See [Barkmeyer, 1993] and [Ray, 1992b].
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entity). There are two types of guardian interfaces: the guardian planning interface through which
a control entity reports planning errors, and the guardian job controlaicgetfirough which a
control entity reports job control errors. In addition, each of tlteguardian intedces may be

either actre or passie. A passie guardian intedice preides only monitoring capabilities,
whereas an ask guardian intedce preides monitoring and inteention capabilities. A control

entity may hae ary number of established passiguardian planning and guardian job control
connections; it may lva no more than one establishedactjuardian planning connection and

one established aeé guardian job control connection. Whether a guardian connection igepassi

or actiwe is determined when the connection is established. Sections 8 and 9 discuss, in detail, the
messages for the guardian planning interface and the guardian job control interface, respectively.

2.6.1.2 The Watchdog Intekice

To allov a control entity to run without agg@ guardian connections, a priméi guardian
interface, referred to as the ‘watchdog’, is presumed always to exist for a running control entity.

The watchdog intedice is a mechanism by which an operator is informed that a control entity
needs assistance to resmlan anomalous situation encountered by the planner or the job
controller (that is, either the planner or job controller needs assistance onwsqerdian
connection). The atchdog can be described conceptually as a pair of red lights. One red light
denotes the control entity needing assistance to esoManning error (denoted ‘the planning
red light’); the otherthat the control entity needs assistance to resojeb control error (denoted

‘the job control red light’).

Specific messages in the guardian planning iterfcause the control entity to turn on the
planning red light. These messages are Subordinate Problemy&udnaoError Occurred, and
Administrative Status messages which contain abnormal information. If a control entity wishes to
issue one of these messages, it will turn on the planning red light whether or not the control entity
has an acte guardian planning connection. The planning red light remains turned on until all
outstanding planning problems requiring guardian assistance have been resolved.

Specific messages in the guardian job control iatercause the control entity to turn on the job
control red light. These messages are Subordinate Probdesk EFror Occurred, Subtask Error
Occurred, and Administrate Status messages which contain abnormal information. If a control
entity wishes to issue one of these messages, it will turn on the job control red light whether or not
the control entity has an aai guardian job control connection. The job control red light remains
turned on until all outstanding job control problems requiring guardian assistaredéen
resolved.

2.6.2 Replanning

Replanning, or the dynamic modification of production plans, is the automated mechanism by
which a control entity (or a genent of the shop) regers from anomalous situations. Since all
anomalous situations (other than planéufes) are detected by the job contrglteplanning is
initiated by a message from the job controller to the planner within the control éntityef
discussion of replanningas presented in Section 2.4.2 on pageA more detailed discussion of
replanning is presented in Section 7 on page 63.
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2.7 Communications Paradigm

Each of the intedces defined in this specification assumes a guaranteed point-to-point messaging
communications paradigm. This section describes the paradigm in more detail and discusses the
consequences of using this paradigm.

Because a connectioxists betweenactly two entities, if an entity wishes to share the same
information with more than one entity must create multiple connections, one to each interested
entity, and it must explicitly transmit messages across each connection.

Because the communications paradigm supports guaranteed messegyy, @li entity must
support message queuing: it is possible for an entity toveeog@ssages muchdter than it can
process them. An entity must support somell®f message queuing and some mechanism to
handle a full message queue.

Because the communications paradigm supports guaranteed messayg dalientity may tak
adwantage of incremental status reporting. An entity may report only on those itemsvihat ha
changed since the last time statussweported because the reoej entity is guaranteed to
receive every message and in the order they were issued.

2.7.1 The Nature of a Control Entity Interface

A connection is an instance of a specific irdeef betweenxactly two entities. There are weral
valid operations that an entity may perform on an interface: connect, disconnect and transmit:

» Connecting to an inteate results in the creation of a connection betweently two
entities.

» Disconnecting from an inteaae causes anxisting connection to cease txi#.
(Connection reoeery is the process ofubding a nev connection and getting its
information state to match the state of a previous connection.)

* Transmitting across an intade occurs when one entity participating in a connection

sends a message (a collection of information) to the other entity participating in a
connection.

2.7.2 Types of Messages

There are three types of messages used in defining thadeterh the MSI architecture: requests,
responses and unconfirmed messages.

A request is a message by which one entity asks another entity to perform some operation or
provide some information.

A response is a message sent in reply to a particular request. Aigposgponse (denoted
response+ in thex® either indicates that the reeeig entity agrees to perform the operation (or
has completed it), or pvades the requested information. Agadive response (denoted response—
in the text) indicates that the receiving entity is rejecting the request and (usually) explains why.

An unconfirmed message is a message by which one enttig@sanformation to another entity
without a request being made. An unconfirmed message may be thought of as a response to an
assumed request for information or as a notification that something may need to be done, rather
than a request to do something in particular.

Formally, to every request message there iaaly one response message. Some requests,
however may cause the ree@ig entity to initiate adirly long-term operation, so that the formal

19



response only indicates acceptance of the operation request. Other messages, both unconfirmed
and request/response pairs, concerning the same operation nxahdreged during the course of
the operation.

An entity which issues a request or unconfirmed message is said to be the “issuing entity”. An
entity which receies an unconfirmed message or request and issues a response is said to be the
“receiving entity”.

2.7.3 Message Format

Each type of request or unconfirmed message is presented in a separate subsection within this
document. Responses are described under the corresponding request.

Each subsection presenting the semantics of a request follows the following format:
» the name of the request (or the unconfirmed message),
* a definition of the message from the issuing entity’s perspective,
» alist of the parameters to the request
» adiscussion of the parameters and variations in the request,
» alist of the possible responses and their parameters,
» adiscussion of the parameters and variations in the responses, and

» a definition of the request from the rageg entity’s perspectie — what steps are to be
taken under what circumstances (usually presented in a table).

2.7.4 Types of Parameters

Each message may or may nowvdngarameters associated with it. There are four types of
parameters: required, optional, conditional, and choice.

A required parameter is a parameter that must be specified. A parameter is required unless
otherwise labelled.

An optional parameter is a parameter that may or may not be specified. In general, optional
parameters are parameters suchassteings describing an error code. An optional parameter is
denoted by the word ‘optional’ following the parameter name. For example:

error-text (OPTIONAL)

A conditional parameter is a parameter that is required in some situations and absent in others. A
conditional parameter is denoted by therav‘conditional’ follonving the parameter nameoi-
example:

Task Status Object (CONDITIONAL)

A choice parameter is a parameter which has a single funcitomdy tale values of diferent
data types. & example, some requests for informatiovéa choice parameter which designates
the objects to be reported on. The parameddwevmay be an object type, indicating that all
objects of that type should be reported, or it may be a list of object identifiers, indicating that
exactly those objects are to be reported on. A choice parameter is denoted bydth@OICE
OF’ and then a collection of alternative parameters or values. For example:
covenants:  CHOICE OF {
list of supervisor-covenant-identifier

OR All-Bids

OR All-Contracts

OR All-Covenants}
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3 Production Plans

This section discusses production plans and their steps in thetoointiee interaction between
planners and job controllers and the recovery from anomalous situations.

3.1 Production Plans and their States

Production plans are accessed and modified by both a planner and job controller — sometimes
simultaneouslyAs a result, theare subject to change and refinemewbl{gion) both before and

during ecution. As the change, thg male transitions through a set ofadutionary states.

These states are In-Scheduling, Bidden, Schedulextuirng, Completed, Deferredefminated

and Aborted. @ble 1. gplains each of the plan-states and the constraints placed on both a planner
and job controller with respect to accessing and modifying a production plan in that state.

Plan State Valid Planner Actions Valid Job Controller Actions

A planner is in the process of performing
In-Scheduling, | resource allocation and scheduling for this| A job controller should never access a pro

Bidden plan via negotiations with the supervisor andduction plan which is in one of these stateq.
subordinates.

A planner may modify a production plan’s | A job controller may modify a production
Scheduledl plan-state from the Scheduled plan-state to plan’s plan-state from the Scheduled plan-
either the In-Scheduling or Bidden plan-statestate to the Executing plan-state. It may ncI:
It may not make any other modifications to|amake ary other modifications to a productio
production plan in this state. plan in this state.

If a production plan is in the Executing plan-If a production plan is in the Executing plag-
Executing state, the rules governing the interaction | state, the rules governing the interaction
between a planner and job controller are | between a planner and job controller are
defined on a step by step basis. See the disdefined on a step by step basis. See the d§-

cussion of step-states below. cussion of step-states below.

Completed, A planner may make any valid modificationslf a production plan is in any of these plan-
Aborted, it wishes to a production plan in these statesstates, a job controller has normally or abrfor-
Deferred In general, it will do nothing more than dis- mally completed executing the production

i ' pose of the production plan. plan and no longer needs to modify the prg-

Terminated duction plan.

Table 1. Production Plan States

a. The transitions from Scheduled to In-Scheduling, Bidden ecuixg must hae a semaphore mechanism
to prevent both a planner and a job controller from checking the current plan-state of a production plan and
then each of them setting the plan-state to a different value.

Valid plan-state transitions are depicted in Figure 5. on pagEach transition specifies which
entity can make that transition (the planner [p] or the job controller [c]).

3.2 Steps and Their States

Because both a planner and job controller can access and modify a production plan
simultaneouslythere not only need to be rules for accessing the production plan as grbeintity
also rules geerning the access and modification of thevidlial steps within a production plan.

As a result, a collection of step-statesénbeen defined, along with a collection of rules defining

the constraints placed on both a planner and job controller with respect to accessing and
modifying a step in that stateaNd step-states are Unscheduled, In-Scheduling, Scheduled, Not-
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Aborted

Deferred
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Figure 5. Plan-state Transition Diagram

Yet-Executing, Excuting and Completedable 2. gplains each of the step-states and the rules
associated with each state.

Step-state

Valid Planner Actions

Valid Job Controller Actions

Unscheduled,

A planner may make any valid modifica-

In-Scheduling tions to a step which is in one of these states job controller should never access a st
as long as the modifications do not violate which is in one of these states.
planner negotiations.
A planner may modify a step’s state from| A job controller may modify a step’s state
Scheduledl the Scheduled step-state to either the from the Scheduled step-state to the Not|

Unscheduled or In-Scheduling step-state

. Yet-Executing step-state.

Not-Yet-Executin§

A planner may modify a step’s state from
the Not-Yet-Executing step-state to the
Unscheduled, In-Scheduling or Schedule
step-states. It may also update the scheg
uled-start-time or scheduled-completion-
time of a step in this state. In all cases, it

must issue a Recheck Step message to the

job controller See Section 7.2.1 on pagg
for the discussion of Recheck Step.

d

- A job controller may modify a step’s statg
from the Not-Yet-Executing step-state to
the Executing or Scheduled step-state.

Executing

A planner may update only the schedule
completion-time of a step in this state.

i-fications to a step in a production plan in

A job controller may make any valid mod}

Scheduled step-state.

this state. It may modify a stepstate to theI

Completed

A planner may dispose of a step in a pro
duction plan which is in this state.

fications to a step in this state. It may m

A job controller may make any valid mo%}j

b. The transitions from Not-Yet-Executing to Unscheduled, In-Scheduling, Scheduled or Executing must

Table 2. Production Plan Step-states

a. The transitions from Scheduled to Unscheduled, In-Scheduling, or Executing must have a semaphore
mechanism to prevent both a planner and a job controller from checking the current step-state of a step in a
production plan and then each of them setting the step-state to a different value.

ify a steps state to the Scheduled step-stgte.

have a semaphore mechanism to prevent both a planner and a job controller from checking the current step-

state of a step within a production plan and then each of them setting the step-state to a different value.

22



Valid step-state transitions are depicted in Figure 6. Each transition specifies which entity can
make that transition (the planner [p], the job controller [c] or either [p/c]).

/
duled [pre] Not-Yet- Lc]
ule . Executing .

[p] [c]

Figure 6. Step-state Transition Diagram

3.3 Checkpoints

In order to &cilitate recwery from anomalous situations, the MSI architecture supports the notion

of specific steps within a production plan being checkpoints. A checkpoint is a step within a
production plan where, upon completion of that step, the raetwing process may be
temporarily or indefinitely suspended in a safe manner without damage to either the equipment of
the workpieces. The shopwel planner and job controller and albkcell planners and job
controllers are required to understand checkpoints. In most cases, the start and end of a production
plan, at least, will be checkpoints. A lessitii example of a checkpointeuld be a machining

step which drills a hole. After the hole is completed and the cutter is withdna some cases it

may be safe to stop the plan at this step and resume at a later time. The MSI architecture does not
require that equipment job controllers understand the notion of checkpoint.
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4  Generic Data Objects

There are seeral simple and comptedata objects used in the dicontrol entity intedces. A
simple data object is an object which contains a single piece of information; a xala@ie@bject

is an object which contains \&ral pieces of information, each of which may be simple or
comple. A definition of each simple data object can be found in the glossary (See Section 12 on
page 110).

Se\eral of the compbedata objects are generic and used weisd of the control entity inteates.
Each of the generic compladata objects are presented in this section. Those cordpla
objects which are unique to a single interface are presented in the appropriate section.

4.1 Plan Identifier Object
The Plan Identifier Object is a data object which uniquely identifies a production-managed plan or

a production plan. It contains the following data elements:

plan-location (CONDITIONAL)
plan-identifier
plan-version

The parameter plan-location has @ue if the plan is located in some database other than a
planner’s default plan database.

4.2 Plan Parameter Object
The Plan Brameter Object is a data object which specifies a nahe pair denoting either an
input or output parameter. It contains the following data elements:

parameter-name
parameter-value (CONDITIONAL)

All input parameters will pndde a parameteralue; output parameters will only specify a
parameter-value if it is known at the time the Plan Parameter Object is created.

4.3 Error Object

The Error Object is a data object which contains information describing an error which has
occurred. It contains the following data elements:

error-code
error-text (OPTIONAL)

The Error Object is used in all 5 of the control entity irstees presented in Sections 5 — 9. Each
interface, however, has its own set of valid error-codes.

Valid error-codes within the planning interface include:
» deactivate failed — connected to job controller
» deactivate failed — outstanding bids
* invalid administrative state
* invalid covenant identifier
* invalid covenant state
* invalid parameter specified
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* invalid plan identifier
 invalid planning strategy
» planning horizon exceeded
» subordinate not responding
Valid error-codes within the job control interface include:
» cannot pause task within requested pausing duration
» deactivate failed — outstanding tasks
* invalid administrative state
* invalid parameter specified
* invalid plan identifier
 invalid task identifier
* invalid task state
» subordinate not responding
» terminate task failed — task not paused
Valid error-codes within the planning/job control interface include:
* invalid plan state
* invalid production plan identifier
* invalid step identifier

Valid errorcodes within the guardian planning inteaé include all &lid planning errecodes
plus the following:

e cannot connect to subordinate
 invalid subordinate
» subordinate reporting anomalous covenant reports

Valid errorcodes within the guardian job control intsé include all &lid job control error
codes plus the following:

» cannot connect to planner

» cannot connect to subordinate

* invalid subordinate

* invalid subtask identifier

» subordinate reporting anomalous administrative status reports
» subordinate reporting anomalous task reports

4.4  Acceptance Object
The Acceptance Object is a data object which either confirms an operation or specifies an error
condition. It contains the following data elements:

acceptance-code
acceptance-text (OPTIONAL)

For each intedce, the set ofalid acceptance-codes is the set afid/ errorcodes plus the
acceptance-code which specifies that no error has occurred and the operation has been accepted.
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5 Planning Interface

This section presents the planning interface, including:

* a general discussion of the planning paradigm and the messages prnoed by the
interface support that paradigm,

» state models for both a planner’s administrative state and its covenants,
» the data objects used by the planning interface, and

» the messages which are yded by the planning inteate — administrate planning
requests, ocgenant requests issued by a supervising planner argtha@ot requests issued
by a subordinate planner.

5.1 The Planning Model

This section discusseswa planner performs its planning and replanning functions by using
internal planning strategies and the messages provided by the planning interface.

In most scenarios where a planner is requested to plan or replan an operation, the sequence of
steps that the planner folls are similar As a result, a general discussion of what planning
stratgies are and o they affect the planning function, and scenarios describing &glanner

plans and replans will aid the reader in more fully understanding the planning interface.

5.1.1 Planning Strategies

Each planner supports some number of planning gtesteA planning stragyy determines the
approach that a planner will ®kvhen trying to schedule an operation; the planning girate
specifies a set of constraints which the planner should meet and a set of goals which the planner
should achiee. A time windaev, specified by an earliest-start-time and a latest-completion-time,
may also be specified to further constrain a plasragtions. If either limit of the time windois

not specified, the assumed earliest-start-time is the current time and the assumed latest-
completion-time is the end of the planner’s planning horizon.

Planning strategies include:

* Priority Scheduling — within a gen time windw, schedule an operation yavhere
within the window using its priority to cancel previously scheduled operations.

» First-Come-First-Sers Scheduling — within a gen time windav, schedule an operation
arywhere within the winde without disrupting or cancelling priously scheduled
operations.

» As-Soon-As-Possible Priority Scheduling — within aegi time winday, schedule an
operation as soon as possible (as close to the earliest-start-time of the time asndo
possible) using its priority to cancel previously scheduled operations.

* As-Soon-As-Possible First-Come-First-Seischeduling — within a gen time windoy,
schedule an operation as soon as possible (as close to the earliest-start-time of the time
window as possible) without disrupting or cancelling previously scheduled operations.

» As-Late-As-Possible Priority Scheduling — within aven time windav, schedule an
operation as late as possible (as close to the latest-completion-time of the tim& asndo
possible) using its priority to cancel previously scheduled operations.
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* As-Late-As-Possible First-Come-First-Ser8cheduling — within a gén time windwy,
schedule an operation as late as possible (as close to the latest-completion-time of the time
window as possible) without disrupting or cancelling previously scheduled operations.

When a planner supports more than one planning gyratiee supervisor will specify which
planning strategy to use when it requests a planner to schedule an operation.

5.1.2 Scheduling an Operation

When a planner schedules an operation described by a production-managed plan, the planner
follows a certain sequence of steps as it creates the production@lawdtkcell or equipment

level plannerthis sequence of steps is initiated by the receipt of a Request for Bid request from
the supervisorFor the shop planngthis sequence of steps is initiated byvnerders (with
associated production-managed plans) entering the shop.

When requested to schedule an operation, a planner should perform the following steps:

1. For each step in the production-managed plan (in precedence order), the planner
should do the following:

(a) If the step does not require the use of ambordinate, schedule the step according
to internal procedures and the specified planning giraroceed to the wmestep in
the plan.

(b) Otherwise, issue Request for Bid requests to some collection of subordinates who
can perform the step.

(c) After receving some number of @enant Status messages from subordinates
advertising their bids, select one bid which should be accepted.

(d) Issue an Accept Bid request to the subordinate whose bid was selected.

(e) If an Accept Bid response- is reged from that subordinate, then choose another
bid to accept and repeat steps (d) and (e). If there are no more bids to accept, then
change the parameters to the Request for Bid and repeat starting at step (c).

() If an Accept Bid response+ is reeed from a subordinate, then issue Reeno
Cowenants requests to each of the other subordinates wa@imided a bid bt were
not issued an Accept Bid request. Proceed to the next step in the plan.

2. After all steps in the production-managed planehlbeen scheduled and a production
plan has been created, if the planner has a supervisor (i.e., the planner is not the shop
planner), issue a Covenant Status message to the supervisor advertising the bid.

5.1.3 Rescheduling In-Execution Operations

When an anomalous situation occurs which results in a productiors @pectified schedule
becoming infeasible, a job controller will request the planner to egbkr situation. In these
cases, the planner will attempt to reschedule the production plan.

The steps that a planner follows in attempting to reschedule a production plan are nearly identical
to those that the planner performs when scheduling an operation. When a planner is scheduling an
operation, it scheduleyery step in the production plan, whereas when a planner is rescheduling

a production plan, it only reschedules those steps which are directly causing the sshedule’
infeasibility and those steps which are directly or indirectigcd®d by resolving this infeasibility

The planner will reschedule the production plan starting with the steps causing the infeasibility;
the planner will thenxamine each subsequent step to determine if its schedidedt®n time
overlaps with the rescheduledegution of the pnaous steps. If there is arverlap, the planner
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will reschedule those steps. This will continue until the end of the plan or until a step is reached
which is not affected by the rescheduling of the previous steps.

When requested to reschedule a production plan, a planner should perform the following steps:

1.

Starting with the step(s) which causes the schesli&asibility and continuing until
the end of the plan or until a step is reached whose schedeleatien time does not
overlap with the scheduledkecution time of the rescheduled yaoais step(s), the
planner should do the following:

(a) If the step does not require the use of ambordinate, schedule the step according

to internal procedures and the specified planning gira®roceed to the mestep in

the plan.

(b) Otherwise, issue a Rewm Corenants request to the subordinate currently speci-
fied to perform the step.

(c) Issue Request for Bid requests to some collection of subordinates who can perform
the step.

(d) After receving some number of @enant Status messages from subordinates
advertising their bids, select one bid which should be accepted.

(e) Issue an Accept Bid request to the subordinate whose bid was selected.

() If an Accept Bid response- is reged from that subordinate, then choose another
bid to accept and repeat steps (d) and (e). If there are no more bids to accept, then
change the parameters to the Request for Bid and repeat starting at step (c).

(9) If an Accept Bid response+ is reeed from a subordinate, then issue Reeno
Cowenants requests to each of the other subordinates wa@imided a bid bt were

not issued an Accept Bid request. Proceed to the next step in the plan.

The planner should continue with the semantics of the scenario which caused it to
need to reschedule.

5.2 Planner Administrative States

Each planner has a notion of administratstate. @ble 3. enumerates and defines thédv
external administrative stafefor a planner.

State Definition
The planner has either
Available 1. started cold and is ready to establish a connection to the supervisor, or
2. receved and processed a Demate message, released its connection to the supeésati-
vated its subordinates and is ready to be halted.
The planner is
Active 1. connected to and activated by the supervisor,

2. connected to or in the process of activating its subordinates,
3. ready to accept and process or already processing covenant requests from the supervgsor, and
4. ready to accept and process or already processing replanning requests from the job cqntroller.

Table 3. Planner Administrative-state Definitions

Valid transitions among the planner administattates and the planning messages that cause
those transitions are depicted in Figure 7.

4. 1t is possible for a planner toveary number of internal intermediate administratstates, forxample,
to specify whether it is connected to the superyisamnected to the job controller(s) or connected to its sub-

ordinate

S.
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Activate

Available

Deactivate

Figure 7. Planner Administrative-state Transition Diagram

5.3 Covenant States

Each ceenant that a planner is currentlygoéating or has already getiated lnt not disposed of
(i.e., the job controller has natecuted a task to fulfill that genant) has an associatedeoant-
state. A covenant-state denotes the current state of a covenant; valid covenant-states are:

» Accepting » Executing

» Bidding » Executed

* Bidden * No Covenant

» Breaking Bid * Pre-Bidding

» Breaking Contract * Removing Covenant

* Contracted

All covenant-states are transitional statesept No Ceenant and Becuted. The oenant-states
address not only the getiation stages of a genant, It also the xecution of a task associated
with that cowenant. Only after the task has completegtation (normally or abnormally) does the
covenant cease to exist. Table 4. defines each of the covenant-states.

Covenant-state Definition
Pre-Bidding The planner has received a Request for Bid request from the supervisor but has npt yet
responded. It is determining whether or not it will formulate a bid.
Bidding The planner has received and responded positively to a Request for Bid from the gupervi-

sor. A covenant has been created but the planner has not completed formulating ajpid.
The planner has formulated a bid and submitted it to the supefMigoplanner is witing

Bidden for the supervisor to confirm the bid or to remove the bid (it may be removed for seyeral

reasons).

Accepting The planner has received an Accept Bid request from the supervisor for a bid andjt is in
the process of converting the bid into a contract.

Contracted The planner and the supervisovbagreed that the eenant will be honored by both pg-
ties to perform a task within a specified time frame.

Executing A task has been created by a job controller to fulfill the covenant.

Executed The covenant has been fulfilled (or abandoned).
The planner has requested permission from the supervisor to cancevémarddn order

Breaking Bid to formulate a bid for some other request. A response has not yet been received frgm the

supervisor.

The planner has requested permission from the supervisor to cancevémarddn order
Breaking Contract | to formulate a bid for some other request. A response has not yet been received frlm the
supervisor.

Table 4. Covenant-state Definitions

29



Covenant-state Definition

Removing Contract| The planner has received a Remove Covenant request from the supervisor to rergove the
covenant but has not yet disposed of it.

No Covenant The planner does not intend to formulate a bid as requested by the supervisor or ajplanner
has just disposed of the covenant as requested by the supervisor.

Table 4. Covenant-state Definitions

Valid transitions among the wenant-states and the messages (planner messages or planning-to-
job-control messages) which cause those transitions are depicted in Figure 8. on page 31.

5.4 Complex Data Objects Used in the Planning Interface

In addition to the data objects described in Section 4 onZ¥agblere is only one other comyple
data object used in the planning interface: the Covenant Status Object.

The Cwenant Status Object is a data object which contains information describing a single
covenarg. It is used to cuey covenant status information between supervisory and subordinate
planners.

The Covenant Status Object contains the following data elements:

planning-strategy

priority

earliest-start-time (CONDITIONAL)

latest-completion-time (CONDITIONAL)

covenant-state

production-plan: Plan Identifier Object

scheduled-start-time

scheduled-completion-time

conflicting-covenants: list of supervisor-covenant-identifier (CONDITIONAL)

The parameters earliest-start-time and latest-completion-time tedues only if thg are
specified by the supervisor in the Request for Bid request (see Section 5.6.4 8@)pdde
parameter conflicting-a@nants specifies the list ohvamants that wuld have to be cancelled in

order for the current es@nant to be contracted. If there are no suclerants, then the list is
empty. When the covenant is contracted, such covenants are broken and the list is always empty.

5.5 Planner Administrative Requests

The planner issues administvairequests to one of its subordinates to alter its administrati
status or request information about its administeastatus. The planner administvatrequests
are:

* Activate
+ Deactivate
 |dentify

5. In addition, it is used to report information to a guardian through the guardian plannirg@ét8de Sec-
tion 8.1.3 on page 75 for more information about its use in the guardian planning interface.
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Figure 8. Covenant-state Transition Diagram
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5.5.1 Activate

An Activate message is used by a planner to connect to and initialize a subordinate. The
parameters for both the Activate request and its responses are as follows:
Parameters on Request:
<none>
Parameters on Response+:
<none>
Parameters on Response—:
error: Error Object
A planner wishing to actate one of its subordinates should issue it anvAigirequest. The

Activate response+ results in the connection to be establisabld 3. details what a planner
should do upon receiving an Activate request from the supervisor.

Administrative State Action

1. Upon recaiing an Actvate request, perform winternal initialization and switch
to the Active administrative state.
2. If the initialization fails or the planner cannot switch to the Active administrajive
state, then issue an Activate response—. No further action is necessary.

3. Otherwise, issue an Activate response+.

4. If necessary, query the database to determine who its subordinates are.

5. Attempt to activate each subordinate by issuing an Activate request to eacf]tone.
6. If the planner recges an Actrate response— from yaof its subordinates, conta

the active guardian and proceed according to its instructions.

Available

Receiving an Activate request while in the Active administrative state causes ajcon-
Active nection to be established between the receiving planner and the supervisor. If fhe
planner already has a connection to the supervisor, this is a protocol violation; ssue
an Activate response—. Otherwise, accept the connection by issuing an Activa
response+.

Table 5. Semantics of the Planner Activate Message

5.5.2 Deactivate

A Deactvate message is used by a planner to disconnect from and slmuadwbordinate. The
parameters for both the Deactivate request and its responses are as follows:

Parameters on Request:
<none>

Parameters on Response+:
<none>

Parameters on Response—:
error: Error Object

A planner wishing to deagfaite one of its subordinates should issue it a Dedetrequest. Upon
receiving a Deactivate request from the supervisor, a planner should perform the following steps:

1. If the planners administratie state is Railable, a protocol violation has occurred;
ignore the request. No further action is necessary.

2. If the planner has gnoutstanding bids, issue a Dewsate response— and continue
negotiating covenants. No further action is necessary.

3. If the planner has no subordinates, respond Dedetresponse+ and switch to the
Available administrative state. The planner is now ready to be halted.
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4. If the planner has subordinates, issue a Destetiresponse+. This will result in the
connection with the supervisor being released. Then the planner should issue a Deacti-
vate request to each of its subordinates. ¥f subordinate responds with Deaate
response—, contact the aetiguardian and proceed according to its instructions. If all
subordinates respond with De&ete response+, switch to the@alable administra-
tive state. The planner is now ready to be halted.

5.5.3 Identify
An Identify message is issued by a planner to determine the characteristics of a subordinate. The
parameters for both the Identify request and its response are as follows:
Parameters on Request:
<none>
Parameters on Response:

make

model

version

level

list of planning-strategy

A planner wishing to kne the characteristics of one of its subordinates should issue that
subordinate an ldentify request. Upon recey an Identify request from the supervisaplanner
should issue an Identify response, specifying itsenakodel and ersion, its lgel and which
planning strategies it supports.

5.6 Covenant Requests Issued By A Supervising Planner

Covenant Requests are requests which a planner may issue to either the supervisor or one of its
subordinates to perform some action to a set wémants or to obtain information about a set of
covenants. This section presents thgermant requests which a planner may issue to one of its
subordinates:

» Accept Bid

* Remove Covenants

* Report Covenants

* Request for Bid

» Update Covenant Constraints

These requests may only be issued to a subordinate planner which is in ¥keeadotinistratie
state. If a subordinate planner rees one of these requests while in thailable administratie
state, the request should be ignored.

5.6.1 Accept Bid

An Accept Bid message is issued by a planner to a subordinate; it requests a bid to be accepted
resulting in a contract being established between a planner and that subordinate. The parameters
for both the Accept Bid request and its responses are as follows:

Parameters on Request:
subordinate-covenant-identifier
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Parameters on Response+:
supervisor-covenant-identifier
Parameters on Response—:
supervisor-covenant-identifier
error: Error Object
Covenant Status Object (CONDITIONAL)

If a planner issues an Accept Bid response—, the conditional paramesgra@bStatus Object is
specified if it contains information related to rejecting the request.

If a planner wishes to generate a contract for a step in a production plan (for which the planner has
a collection of bids and has determined which bidoul like to accept), it should issue an
Accept Bid request to the subordinate who advertised the selected bid.

1. If a planner recees an Accept Bid request for awatid corenant, it should issue an
Accept Bid response—. No further action is necessary.

2. If the coenant (or production plan supporting theemant) is not intact (i.e. steps are
currently being rescheduled and the planxgeets that the rescheduling of the steps
will impact the start or completion time of its advertised bid), do the following:

(a) Issue an Accept Bid response— to the supervisor.

(b) If the planner is at the equipmentdd dispose of the #@nant and associated pro-
duction plan. No further action is necessary.

(c) If the planner has subordinates, issue Renf@wenants requests to all subordi-
nates with subagnants in support of the wenant, and then dispose of theeaant
and associated production plan. No further action is necessary.

3. If the covenant (and production plan supporting theerant) is still intact, issue a
Covenants Brokn request for all a@nants that need to be bewkin order to accept
the specified oeenant (this list w&s specified in the original bid). After redelg a
response to the @enants Brokn request from the supervisssue an Accept Bid
response+ to the supervisor. No further action is necessary.

5.6.2 Remove Covenants

A Remore Cwvenants message is issued by a planner to a subordinate; it requests a set of
covenants which a planner haggoéated with that subordinate to be cancelled. The parameters
for both the Remove Covenants request and its response are as follows:
Parameters on Request:
covenants: CHOICE OF {
list of subordinate-covenant-identifier
OR All-Bids
OR All-Contracts
OR All-Covenants}
Parameters on Response:
list of
subordinate-covenant-identifier
supervisor-covenant-identifier
acceptance: Acceptance Object
] (CONDITIONAL)
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If a Remwe Corenants request specifies All-Bids, All-Contracts or Alk@uants, the response
will have no parameters.

If a planner wishes to cancel one or moreetants which currentlyxest between itself and one

of its subordinates, it should issue a Reen@o/enants request to that subordinate. The planner
has a choice of specifying a list ofvemants to reme or specifying to reme all bids, all
contracts or all oeenants. Upon recang a Remuee Corenants request from the supervjsar
planner should perform the following steps:

1.

If the Remee Corenants requestas issued with the parameter All-Bids, then for
each cegenant in the Pre-Bidding genant-state, issue a Request for Bid response—.
For each ceenant in the Bidding, Bidden, Breaking Bid or Acceptingses@ant-states,

do the following:

Switch the cwenant to the Renving Covenant cgenant-state. Dispose of thevee

nant and the associated production plan. If the planner has subordinates, disposing of
the selected a@nants may require issuing RemmoCo/enants requests to subordi-
nates for ngotiated subogenants. After the a@nant is disposed of, switch thevee

nant to the No Gegenant cgenant-state. Issue a ReweoCo/enants response with no
parameters. No further action is necessary.

If the Rem@e Corenants requestas issued with the parameter All-Contracts, then

for each cgenant in the Breaking Contract or Contractedecant-state, do the fol-
lowing:

Switch the cwenant to the Renwing Covenant cgenant-state. Dispose of thevee

nant and the associated production plan. If the planner has subordinates, disposing of
the selected a@nants may require issuing RemoCo/enants requests to subordi-
nates for ngotiated subogenants. After the a@nant is disposed of, switch thevee

nant to the No Gegenant cgenant-state. Issue a ReweoCo/enants response with no
parameters. No further action is necessary.

If the Remae Corenants requestas issued with the parameter All\@mants, then

for each ceenant in the Pre-Bidding genant-state, issue a Request for Bid response—

. For each ceenant in the Bidding, Bidden, Breaking Bid, Accepting, Breaking Con-
tract or Contracted covenant-state, do the following:

Switch the ceenant to the Renwing Covenant ceenant-state. Dispose of thevee

nant and the associated production plan. If the planner has subordinates, disposing of
the selected a@nants may require issuing RemoCosenants requests to subordi-
nates for ngotiated subogenants. After the a@nant is disposed of, switch thevee

nant to the No Cegenant ceenant-state. Issue a ReweoCo/enants response with no
parameters. No further action is necessary.

If the Remee Corenants requestas issued with a list of genants, then for each
covenant in the list that is in the Bidding, Bidden, Breaking Bid, Accepting, Breaking
Contract or Contracted state, do the following:

Switch the ceenant to the Renwing Covenant ceenant-state. Dispose of thevee

nant and the associated production plan. If the planner has subordinates, disposing of
the selected a@nants may require issuing RemoCosenants requests to subordi-
nates for ngotiated subogenants. After the a@nant is disposed of, switch thevee

nant to the No Gegenant cgenant-state. Issue a ReweoCosenants response with no
parameters. It is an error to reweoary other coenants. Issue a Ren® Cwenants
response specifying the error codes for those that are in error and an acceptance code
for those that were removed.
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5.6.3 Report Covenants

A Report Ceenants message is issued by a planner to a subordinate; it requests that subordinate
to report the current status of a set ofaxtants. The parameters for both the RepoveGants
request and its response are as follows:

Parameters on Request:

covenants:  CHOICE OF {
list of subordinate-covenant-identifier
OR All-Bids
OR All-Contracts
OR All-Covenants}
Parameters on Response:
list of [
subordinate-covenant-identifier
supervisor-covenant-identifier
CHOICE OF {
error: Error Object
OR status: Covenant Status Object}
] (CONDITIONAL)

If a Report Cgenants request specifies All-Bids, All-Contracts or Alv@umants and the
subordinate planner currently has no outstanding bids, contractsjemracts (respeetly), the
response will have no parameters.

A planner wishing to recee updated status for a collection of its swec@nts should issue a
Report Ceenants request to each of its subordinates whogenants correspond to those
subcwenants. Upon recang a Report Ceenants request from the supervjsoplanner should
perform the following steps:

1. If the Report Ceenants requestas issued with the parameter All-Bids, then for each
covenant in the Bidding, Bidden, Breaking Bid or Acceptingesant-states, collect
the supervisecovenant-identifier local-covenant-identifier and Genant Status
Object information and issue a Report Covenants response.

2. If the Report Ceenants requestas issued with the parameter All-Contracts, then for
each coenant in the Contracted, Breaking Contract cedtiting coenant-states, col-
lect the supervisecovenant-identifierlocal-covenant-identifier and Genant Status
Object information and issue a Report Covenants response.

3. If the Report Ceenants requestas issued with the parameter Allx@mants, then for
each coenant in the Bidding, Bidden, Breaking Bid, Accepting, Contracted, Breaking
Contract, Rening Covenant or Egcuting ceenant-states, collect the supervisor
covenant-identifierlocal-corenant-identifier and Genant Status Object information
and issue a Report Covenants response.

4. If the Report Covenants requesisnssued with a list of genants, then for each\co
enant that is in the listuib not in the Egcuted ceenant-state, collect the supervisor
covenant-identifierlocal-cavenant-identifier and Genant Status Object information.
For all other ceenants in the list, identify the appropriate error and issue a Report
Cowenants response which includes the error information ¥aticthcovenants and the
covenant status information for valid covenants.
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5.6.4 Request for Bid

A Request for Bid message is issued by a planner to a subordinate; it requests that subordinate to
estimate when it is able to perform a requested operation. The parameters for both the Request for
Bid request and its responses are as follows:

Parameters on Request:

supervisor-covenant-identifier

global-step-reference

supervisor-manufacturing-unit-identifier (CONDITIONAL)

planning-strategy

priority

earliest-start-time (CONDITIONAL)

latest-completion-time (CONDITIONAL)

terminated-flag

input-plan:  CHOICE OF {

plan: Plan Identifier Object
OR work-element-identifier}

list of input-plan-parameter: Plan Parameter Object (CONDITIONAL)

Parameters on Response+:

supervisor-covenant-identifier
subordinate-covenant-identifier
covenant-state

Parameters on Response—:
supervisor-covenant-identifier
error: Error Object

If a planner wishes to schedule a specific operation, it should issue a Request for Bid request to
some collection of its subordinates who are capable of performing the operation. The planner
specifies a local identifiee manudcturing unit which identifies the akkpieces on which to
perform the operation, if gha planning stragyy to use in planning the operation, a priqrity
optionally an earliest-start-time and latest-completion-time between which the operation should
be scheduled, a plan orovk element which details the steps to perform the operation and an
input parameters which are required by the plan.

If the subordinate planner issues a Request for Bid response+, it will specify a local identifier for
the cavenant. In all future communicationsgeeding this ceenant, the supervisor will\ahys
provide the subordinate’local identifier for the a@nant (subordinate-genant-identifier) and

the subordinate will alays proide the supervisos’local identifier for the ae@nant (superviser
covenant-identifier).

Upon recering a Request for Bid request from the superyisoplanner should perform the
following steps:

1. If a planner recees a Request for Bid request withalid parameters, it should issue
a Request for Bid response—. No further action is necessary.

2. If a planner recees a Request for Bid request and determines that it cannot or will not
bid, it should issue a Request for Bid response+ witlhvanamt state of No enant.

3. Otherwise, the planner should issue a Request for Bid response+ witbnambstate
of Bidding.
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4. If the terminated-flag parameter in the original Request for Bid request is set to true,
then the plan which is specified in the request is a production plan and not a produc-
tion-managed plan (the production plaasapartially &ecuted and is being replanned
due to an error situation). If this is the case, then in steps 5. and 6., the planner should
not schedule steps which are in thee€ixed step-state; it should only schedule the
portion of the plan which was not executed.

5. In general the planner should:

(a) Use its internal planning algorithm to schedule the operation to produce a produc-
tion plan. This may wolve issuing Break G@nant requests for eenants which need
to be broken in order to bid this operation.

(b) Issue a Covenant Status message to the supervisor advertising its bid.
6. If the planner has subordinate planners, it shoukketse the specified production-

managed plan and perform the faliog steps for each step in the plan that requires
scheduling or resource allocation (generating a production plan):

(a) Issue Request for Bid requests to some collection of its subordinates who can per-
form the step.

(b) After receving some number of @enant Status messages from subordinates
advertising their bids, select one bid which should be accepted.

(c) Issue an Accept Bid request to the subordinate whose bid was selected.

(d) If an Accept Bid response-— is reeedl from that subordinate, then choose another
bid and repeat steps (c) and (d). If there are no more bids to accept, then change the
parameters to the Request for Bid and repeat starting with step (a).

(e) If an Accept Bid response+ is reeed, then issue Reme Cosenant requests to
each of the other subordinates whovled a bid kit were not issued an Accept Bid
request.

() Start scheduling the restep in the plan. If there are no more steps in the plan,
then formulate a bid and issue av€pant Status message to the supervisagréiding
its bid.

5.6.5 Update Covenant Constraints

An Update Ceenant Constraints message is issued by a planner to a subordinateusittiadio
planner to update the set of constraintgegoning an outstanding genant with that subordinate.
The parameters for both the Updater@uant Constraints request and its responses are agsfollo
Parameters on Request:

subordinate-covenant-identifier

planning-strategy

priority

earliest-start-time (CONDITIONAL)

latest-completion-time (CONDITIONAL)
Parameters on Response+:

supervisor-covenant-identifier
Covenant Status Object
Parameters on Response—:
supervisor-covenant-identifier
error: Error Object
Covenant Status Object (CONDITIONAL)
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If one of the conditional parameters in the Updatge@ant Constraints request is omitted, then
that constraint is renved. These semantics are consistent with that of the Request for Bid:
existent constraints should be specified and constraints to beedrabould be omitted from the
request. If a planner issues an Updatggbant Constraints response—, the conditional parameter
Covenant Status Object is specified if it contains information related to rejecting the request.

An Update Cegenant Constraints request is to change all of the planning parameters which were
specified in the Request for Bid request: planning-glyatariority, earliest-start-time or latest-
completion-time. This information may be used by the subordinate planner to reschedule a
covenant. If a planner wishes tovgia subordinate fkéility to reschedule a a@nant within

certain constraintsud without supervised interaction, it may issue that subordinate an Update
Covenant Constraints request.

Upon recering an Update Gaenant Constraints request from the superyiagslanner should
perform the following steps:

1. If a planner recees an Update Genant Constraints request for amald covenant,
it should issue an Update @mant Constraints response—. No further action is neces-
sary.

2. If any of the constraints arevalid (e.g., unsupported planning-state specified
times violate ceenant as currently specified, timedend past planning horizon),
issue an Update @enant Constraints response— and ignore ALl nenstraint al-
ues specified in the request.

3. Otherwise, update the wenant information to reflect theweonstraints. The planner
is required to accept all new constraints except the planning-strategy.

4. The plannemay wish to reschedule the wenant at this time. If so, it must meet the
newly accepted constraints. See Section 5.1.2 on pader hav to schedule a e@-
nant. It must complete rescheduling theeatant prior to responding to the Update
Covenant Constraints request.

5. The planner should issue an Update Covenant Constraints response+.

6. At any point in the future the planner may modifyyatovenant such that it continues
to satisfy the constraints. The moselik modification of a ceenant will be shifing
it around in order to accept or bid on other operations. If the planner modifies\an
enant, it must issue a @mnant Status message to inform the supervisor of the
changes.

5.7 Covenant Requests Issued By A Subordinate Planner

Covenant Requests are requests which a planner may issue to either the supervisor or one of its
subordinates to perform some action to a set wémants or to obtain information about a set of
covenants. This section presents thever@ant requests which a planner may issue to the
supervisor:

* Break Covenants
e Covenant Status
* Covenants Broken

These requests may only be issued to a supervising planner which is in tteea@atinistratie
state. If a supervising planner raas one of these requests while in thaikable administratie
state, the request should be ignored.
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5.7.1 Break Covenants

A Break Cwoenants message is issued by a planner to the supervisor to request permission to
cancel a set of e@nants in order to formulate a specified otheeoant (the causing-genant),

or to, in general, cancel all bids, contracts arec@nts. The parameters for the Breakebants
request and its response are as follows:

Parameters on Request:

covenants: CHOICE OF{

causing-covenant: supervisor-covenant-identifier
list of supervisor-covenant-identifier

OR All-Bids

OR All-Contracts

OR All-Covenants}

Parameters on Response:
acceptance: Acceptance Object

The Break Cwenants message at no time implies that the setw#hents has already been
cancelled or is in the process of being cancelled; if the supervisor grants permission, it merely
implies that it will allav those cwenants to be cancelled in order to formulate a specified other
covenanf. A planner wishing to request permission to cancel a setveheats should issue a
Break Cwenants request to the supervidbthe supervisor denies permission, then the planner
may not overlap those ogenants with the specified wecovenant; it must formulate a bid for a
different time. If the supervisor grants permission, then the plannervedgmthose ogenants

with the specified v covenant. If the planner doesearlap those ogenants with the specified

nev covenant, those \@rlapped ceenants must be specified in the conflictingesants
parameter of the Covenant Status Object when the new bid is reported to the supervisor.

The algorithms that a planner goes through to determine if a seterfazds may be brek is
beyond the scope and intention of this specification. Only #ermal behaior and semantics

need to be presexd. If the planner determines that it is acceptable to break the specified set of
covenants, it should issue a Breakv€pants response granting permission. If the planner
determines that it is not acceptable to break the specified severfactss and wishes to den
permission, it should issue a Break Covenants response specifying an error code.

5.7.2 Covenant Status

A Covenant Status message is issued by a planner to inform the supervisor of the current status of
a corenant. The Qeenant Status message is an unconfirmed message; it has no response. The
parameters are as follows:

Parameters:

supervisor-covenant-identifier
Covenant Status Object
list of output-plan-parameter: Plan Parameter Object (CONDITIONAL)

6. The Ceenants Brokn message is used to actually cancel thogenemts. It is issued by a planner at the
time the supervisor requests the planner to accept that covenant.
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If a planner issues a @enant Status message, the conditional parameter list of output-plan-
paramete, is specified if the production-managed plan used to schedulevghantaequires
output plan parameters.

A Covenant Status message should be issugdiare one of the parameters in theveoants
status changes (i.e., if yof the parameters of the @mant Status Object or the output plan
parameters h@ changed). It is walid to recete a Ceenant Status message while in the
Available administrative state; the message should be ignored.

5.7.3 Covenants Broken

A Covenants Bro&n message is issued by a planner to the supervisor; it notifies the supervisor
that a set of agenants hee been cancelled. The parameters for both thee@@mts Bro&n
request and its response are as follows:
Parameters on Request:
covenants: CHOICE OF{
list of supervisor-covenant-identifier
OR All-Bids
OR All-Contracts
OR All-Covenants}
Parameters on Response:
<none>

A planner wishing to cancel a set oveaants it has with the supervisor should issue\eeants

Broken request to the supervisdihis message is used to cancelet@ants in order to accept
another ceenant or because the resource for which the planner is planning has had a change in
availability and a set of a@nants can no longer be fulfilled at thgoiated time. In addition to
informing the supervisor that a set oveaants are brah, the planner issuing the request must
also dispose of those covenants and associated production plans.

Upon recering a Covenants Brokn request from a subordinate plantiee planner should issue
a Corenants Bro&n response (this response is required in order to synchronize plarwvigy)acti
It should then attempt to replan itdeafted coenants (those @enants with suba@nants that
were broken).
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6 Job Control Interface

This section presents the job control interface, including:
» state models for both a job controller’s administrative state and its tasks,
» the data objects used by the job control interface, and

» the messages which are yided by the job control inteate — administrate job control
messages, task requests issued by a supervising job controller and task requests issued by
a subordinate job controller.

6.1 Job Controller Administrative States

Each job controller has a notion of administratstate. @ble 6. enumerates and defines thiedv
administrative states for a job controller.

State Definition

The job controller has either
1. started cold and is ready to establish a connection to the supervisor, or
2. receivd and processed a Desate message from the supervjswas released itj

Available connection to the supervisor, deactivated its subordinates and is ready to be hglted.

The job controller is up. Itis

Active 1. connected to and activated by the supervisor,

2. connected to or in the process of activating its subordinates,
3. ready to accept and process task message, and

4. accepting and initiating new tasks.

Pausing sor or the active guardian. It is accepting new task requests and executing theg until
a checkpoint is reached. It is bringing currently active tasks to the next checkpgint
and suspending their execution.

The job controller is up. It has received a Pause All Tasks message from the sl1pervi—

The job controller is up. All tasks are suspended at a checkpoint. It is accepting but
Paused not initiating new task requests; it will not resume execution of outstanding tasiis
until directed to do so.

The job controller is up. It has received a Terminate All Tasks message from thge
Terminating supervisor or the active guardian. It is in the process of terminating all outstanding
tasks. It will not accept any new task requests.

The job controller is up. It has terminated all outstanding tasks and is not accepting
Terminated any new task requests.

The job controller has received and processed an Emergency Stop message fjfom the
E-stopped supervisor or the active guardian. The job controller is in an unknown state: it i no
longer processing any tasks and any peripheral equipment directly under its cgntrol
has been mad to a safe state. It may or may not be connected to the supervispr and
subordinates.

Table 6. Job Controller Administrative-state Definitions

Valid transitions among the job controller administastates and the job control messages that
cause those transitions are depicted in Figure 9. on page 43.

6.2 Task States and Task Management States

Each outstanding task that a job controller is currenxi®ceting has an associated task-state and
task-management-state.
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Figure 9. Job Controller Administrative-state Transition Diagram
6.2.1 Task States
A task-state denotes the current state of a task; valid task-states are:

* Aborted * Paused

» Active * Terminated

» Completed * Waiting for Guardian
» Deferred * Waiting for Planner

A task-state is either a transitional task-state or a terminal task-statee, Aatised, V&liting for
Guardian and \lting for Planner are transitional task-states. Aborted, Completed, Deferred and
Terminated are terminal task-states. Table 7. on page 44 defines each of the task-states.
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Task-state Definition

The task was abnormally terminated as quickly as possible by the direction of fhe
Aborted supervisor, the active guardian or the planner. The state of the workpieces andtools
involved in the task is unknown. This is a terminal state.

Active The task is currently executing. This is a transitional state.
Completed The task has completed execution normally; no errors occurred. This is a terrginal
state.

e
ly
nt of

Deferred supervisor, the active guardian or the planner. The task is known to be comple
repeatable from the beginning without damage to the workpieces or replacem
the tools. This is a terminal state.

The task was abnormally terminated as quickly as possible by the direction ofEF

The task’s execution has been temporarily suspended at a checkpoint, pending some
Paused external event or a message from the supervisor or the active guardian to resume the
task. This is a transitional state.

The task vas terminated at a checkpoint so thagoeition may continue at some latpr
Terminated point. The state of the workpieces and tools involved in the task is known to bgjas
specified for completion of the checkpointed step. This is a terminal state.

Waiting for Guardian The task’s execution has been temporarily suspended, pending instructions fgom the
active guardian. This is a transitional state.

Waiting for Planner The task’s execution has been temporarily suspended, pending instructions fjom the
planner. This is a transitional state. r

Table 7. Task-state Definitions

Valid transitions among the task-states are depicted in Figure 10. oA5adee messages that
cause task-state transitions are ynand their dects intefrelated. As a result, the messages that
cause each transition are not shown.

6.2.2 Task Management States

A task-management-state further refines the notion of astaslWirent state. The task-
management-state denotes that a task is in the process of switching from a transitional task-state
to either a terminal task-state or the Paused task-state. Valid task-management-states are:

» Aborting
» Deferring
* Normal (no transition is currently in-process)
» Pausing
» Terminating
Table 8. on page 45 defines the valid task-management-states.

6.3 Complex Data Objects Used in the Job Control Interface

In addition to the data objects described in Section 4 on¥ageere is only a single additional
complex data object used in the job control interface: the Task Status Object.

The Task Status Object is a data object which contains information describing a single task. It is
used to convey task status information between supervisory and subordinate job cdntrollers

7. In addition, it is used to report information to a guardian through the guardian job control interface. See
Section 8.1.3 on page 75 for more information about its use in the guardian job control interface.
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Definition
state
Aborting The job controller has resgid and is processing an Abogsk directive from eithe
the supervisor, the active guardian or the planner. It has not completed abortin
task.
The job controller has received and is processing a Defer Task directive from ¢
Deferring the supervisor, the active guardian or the planner. It has not completed deferrifjg the
task.
Normal The job controller has rea&id no directies from the supervisgthe active guardiar
or the planner which affects the state of the task.
The job controller has received and is processing a Pause Task or Pause All Thsks
Pausing directive from either the supervisor or the active guardian. It has not completeq
ing the task.
The job controller has received and is processing a Terminate Task or Terming
Terminating

Tasks directive from either the supervisor, the active guardian or the planner. ItIhas

not completed terminating the task.

Table 8. Task-management-state Definitions
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The Task Status Object contains the following data elements:

task-state
task-management-state

late

execution-time: CHOICE OF{

start-time
completion-time
OR estimated-remaining-duration}
list of output-plan-parameter: Plan Parameter Object (CONDITIONAL)

The parameter list of output-plan-parameter is only specified inakk Status Object if the
production plan associated with the task contains output plan parameters; otherwise it is empty.

6.4 Job Controller Administrative Requests

The job controller administrate requests are requests which a job controller may issue to the
supervisor or one of its subordinates to alter its adminigtradtatus or request/pide
information about its administrative status. The job controller administrative requests are:

» Activate * Pause All Tasks

* Administrative Status * Report Administrative Status
» Deactivate * Resume All Tasks

* Emergency Stop » Terminate All Tasks

* |dentify

6.4.1 Activate
An Activate message is issued by a job controller to connect to and initialize a subordinate. The
parameters for both the Activate request and its responses are as follows:
Parameters on Request:
<none>
Parameters on Response+:
<none>
Parameters on Response—:
error: Error Object

A job controller wishing to actate one of its subordinates should issue it anvAiirequest. The
Activate response+ results in the connection being establislhdte 9. details what a job
controller should do upon receiving an Activate request from the supervisor.

6.4.2 Administrative Status

An Administratve Status message is issued by a job controller to inform the supervisgr of an
change in its administra® status. The Administra® Status message is an unconfirmed
message; it has no response. The parameters are as follows:

Parameters:

administrative-state
link-to-supervisor-status
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Administrative State Action

1. Upon recaring an Actvate request, perform wainternal initialization and switch
to the Active administrative state.
2. If the initialization fails or the job controller cannot switch to the Active admigis-
trative state, then issue an Activate response—. No further action is necessary.
] 3. Otherwise, issue an Activate response+.

Available 4. If necessary, query the database to determine who the planner and subordipates
are.

5. Attempt to establish a connection to the planner.
6. Attempt to activate each subordinate by issuing an Activate request to eacflone.
7. If the job controller receives an Activate response— from any of its subordingtes,
contact the active guardian and proceed according to its instructions.

Active,
Pausing, Receiving an Activate request while in the Active, Pausing, Paused, Terminatirjg or
Terminated administrative state causes a connection to be established betweep the
Paused, JIARE - 4
Terminati receiving job controller and the supervisor. If the job controller already has a cqnnec-
erminating, tion to the supervisor, this is a protocol violation; issue an Activate response—. Pther-
Terminated, wise, accept the connection by issuing an Activate response-+.
E-stopped

Table 9. Semantics of the Job Controller Activate Message

An Administratve Status message should be issueygl tane one of the parameters in the
administratve status changes, (i.e., if the administeatstate or the status of the connection
between the job controller and the supervisor has changed).

6.4.3 Deactivate

A Deactvate message is issued by a job controller to disconnect from and sitado
subordinate. The parameters for both the Deactivate request and its responses are as follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
A job controller wishing to deaefate one of its subordinates should issue it a Dedetrequest.
The Deactrate response+ results in the connection being terminabté T0. details what a job
controller should do upon receiving a Deactivate request from the supervisor.

Administrative State Action

Available It is a protocol violation to recee a Deactiate request while in thevailable admin-
istrative state. Issue a Deactivate response—.

Table 10. Semantics of the Job Controller Deactivate Message
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Administrative State Action

1. If the job controller has any outstanding tasks, issue a Deactivate response} and
continue executing the tasks. No further action is necessary.
2. If the job controller directly controls equipment, move any equipment to a sgfe

I;A‘;JISVE position and respond Deactivate response+. If the equipment cannot be moveq to a
g safe position, issue a Deactivate response—. No further action is necessary. J
Paused, 3. If the job controller has subordinates, issue a Deactivate response+. This Wl
Terminating, result in the connection with the supervisor being released.
Terminated, 4. Issue Deactivate requests to each of its subordinates.
E-stopped 5. If any subordinate responds with Deactivate response—, contact the active quard-

ian and proceed according to its instructions.
6. If all subordinates respond with Deactivate response+, switch to the Availaije
administrative state.

7. The job controller is now ready to be halted.

Table 10. Semantics of the Job Controller Deactivate Message

6.4.4 Emergency Stop

An Emegeny Stop message is issued by a job controller to a subordinate; it requests the
subordinate to immediately stop all ysical actvity. The Emegeny Stop message is an
unconfirmed message; it has no response. There are no parameters to tenénstop
message.

Table 11. details what a job controller should do uponvemean Emegeny Stop message from
the supervisor.

Administrative State Action
It is a protocol violation to receive an Emergency Stop message while in the AJail-
Available able administrative state. Since this message does not have a response, no adtion is
necessary.
Active, 1. If the job controller has subordinates, issue Emergency Stop messages to gach
Pausing, subordinate.
2. If the job controller has any equipment directly under its control, abort all tagks
Paused, , Al
Terminatin and move that equipment to a safe position.
: g 3. Switch to the E-stopped administrative state.
Terminated 4. Optionally, move any necessary internal data to local or global databases, discon-
nect from the supervisor and subordinates and halt.
E-stopped Receiving an Emergency Stop message while in the E-stopped administrativg state
has no affect on the job controller. Ignore the message.
Table 11. Semantics of the Emergency Stop Message
6.4.5 Identify

An ldentify message is issued by a job controller to determine the characteristics of a subordinate.
The parameters for both the Identify request and its response are as follows:
Parameters on Request:
<none>
Parameters on Response:
make
model
version
level
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A job controller wishing to kne the characteristics of one of its subordinates should issue that
subordinate an Identify request. Upon rerej an Identify request from the supervisarjob
controller should issue an Identify response, specifying theejmakdel and ersion of the job
controller what level of job controller it is (shop, erkcell, or equipment iel) and ag vendor
extensions that are supported.

6.4.6 Pause All Tasks

A Pause All sks message is issued by a job controller to a subordinate; it requests the
subordinate to switch to theatsing (and ventually to the Bused) administrate state and to
suspend thexecution of all outstanding tasks. The parameters for both dlsePAll Rsks
request and its responses are as follows:

Parameters on Request:

time-frame: CHOICE OF{
desired-pausing-duration
OR as-soon-as-possible}

expected-paused-duration

Parameters on Response+:
estimated-pausing-duration

Parameters on Response—:
error: Error Object
estimated-pausing-duration (CONDITIONAL)

If a job controller issues aabBse All Bsks response—, the conditional parameter estimated-
pausing-duration is specified if the reason for rejecting the request is that\aty @aethnot be
paused within the requested desired-pausing-duration.

The purpose of this message is to temporarily halt aNigctivithin a subordinate subsystem

such that neither the equipment noy a the tasks’ wrkpieces are damaged. The intention is

that the gecution of the suspended tasks will either be resumed or terminated at some point in the
future. A job controller wishing to pause a subordinate subsystem should issue the subordinate a
Pause All Bsks request. The job controller may specify either a time aittenthin which the
subordinate should suspend all @ityi (parameter desired-pausing-duration), or that allvigti

should be paused as soon as possible. In addition, the job controller will estinvat@nat

expects the subordinate subsystem will remain paused (parametoted-paused-duration).

This parameter is specified so that the subordinate may adjust its scheduled to accommodate
suspending all aatity. Table 12. details what a job controller should do upon vexela Rwse

All Tasks request from the supervisor.

Administrative :
Action
State
Available, It is a protocol violation to receive a Pause All Tasks request while in the Available or B
E-stopped stopped administrative state.

Table 12. Semantics of the Pause All Tasks Message
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Administrative
State

Action

Active,
Pausing

1. Switch to the Pausing administrative state.
2. Examine each currentliecuting task. &r each currently»@cuting task do the follaing:

. If the job controller has subordinates, the job controller should:

(a) If the task is in a terminal state (Aborted, Deferred, Completed or Terminated) orfif the
task's management state is Aborting, Deferring @miinating, then no action is necessqry

to pause that task.

(b) Identify the nearest checkpoint for each remaining task and determine the earlie§t-paus-
ing-time for each task. The earliest-pausing-time is the earliest time in which that tagdk’s
execution can reach the identified checkpoint.

3. Determine the earliest time in which all tasks can be paused (the maximum earliesggpaus-
ing-time of all tasks), denoted earliest-pause-all-time.
4. If the job controller is at the equipment level, the job controller should:

(a) If the Pause All Tasks request was issued with the parameter as-soon-as-possibje, issue
a Pause All Tasks response+ with an estimated-pausing-duration of the earliest-pause-all-
time.
(b) If the Pause All Tasks request was issued with the parameter desired-pausing-dgration
and the earliest-pause-all-time is within that desired-pausing-duration, issue a Pausg All
Tasks response+ with an estimated-pausing-duration of the earliest-pause-all-time.
(c) Otherwise, issue aalase All Bsks response— with an estimated-pausing-duration of the
earliest-pause-all-time, and switch to the y#ethdministratie state. Continuexecution of
the sole outstanding task. No further action is necessary.

(d) Continue executing the sole task until its identified checkpoint is reached. Susped exe-
cution of the task, switch the task to the Paused task-state. [

(e) After the sole task is either in a terminal task-state or in élusdd task-state, switch

the Paused administrative state and issue an Administrative Status message.

(a) If the Pause All Tasks request was issued with the parameter as-soon-as-possibje, issue
a Pause All Tasks response+ with an estimated-pausing-duration of the earliest-pause-all-
time and then do the following:

Issue Pause All Tasks requests to each of its subordinates so that its subordinatgs will
pause all activity as soon as possible. L

After all subordinates issue a Pause All Tasks response+ continue executing ea
until its identified checkpoint is reached (either by tlekwell job controller or its subordf
nates reporting that the task is Paused). Switch the task to the Paused task-state.

After all tasks are in the Paused task-state and all subordinates are in the Pausefl admin-
istrative state, switch to the Paused administrative state and issue an Administrative]Status
message.
(b) If the Pause All Tasks request was issued with the parameter desired-pausing-dgration
and the earliest-pause-all-time is within that desired-pausing-duration, issue a Pausg All
Tasks response+ with an estimated-pausing-duration of the earliest-pause-all-time.

Continue executing each task until its identified checkpoint is reached. Switch th¢ task
to the Paused task-state. After all tasks are in the Paused task-state, switch to the Haused
administrative state and issue an Administrative Status message.
(c) If the Pause All Tasks request was issued with the parameter desired-pausing-dgration
and the earliest-pause-all-time is not within the desired-pausing-duration, then:

Issue Ruse All asks requests to each of its subordinates to deternahffits subor-
dinates can pause their tasks within the desired-pausing-duration.

If any subordinate issues a Pause All Tasks response—, then issue a Pause All Thsks
response— to the supervisor with the longest estimated-pausing-duration received frpm its
subordinates or the earliest-pause-all-time it calculated earlier. Issue Resume All Tapks
requests to all subordinates who responded positively to the Pause All Tasks requedts.
Switch back to the Active administrative state. Continue execution of all tasks. No fufther
action is necessatry.

If all subordinates issue a Pause All Tasks response+ then issue a Pause All Tagks
response+ to the supervisor with the longest estimated-pausing-duration received frpm its
subordinates. Continueecuting each task until its identified checkpoint is reached (egher
by the workcell job controller or its subordinates reporting that the task is Paused). witch
the task to the Paused task-state.

After all tasks are in the Paused task-state and all subordinates are in the Pausefl admin-
istrative state, switch to the Paused administrative state.

task

6. Continue to monitor the estimated-completion-time of each task to determine if it begomes
late by using the expected-pause-duration specified in the Pause All Tasks request.

Table 12. Semantics of the Pause All Tasks Message
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Administrative :
Action
State
When a job controller receives a Pause All Tasks request while in the Paused adminisgative
state, it should update its information concerning when kpeeed to continuexecuting its
Paused outstanding tasks (based upon the parameter expected-pause-duration). The job contjoller
should issue a Pause All Tasks response+ with an estimated-pausing-duration of 0. It ghould
continue to monitor the estimated-completion-time for each task to determine if it becones
late. It should use the newly received expected-pause-duration to determine if tasks ar late.
Terminating,
Terminated, It is a protocol violation to receive a Pause All Tasks request while in the Terminating, fermi-
E-stopped nated or E-stopped administrative state.

Table 12. Semantics of the Pause All Tasks Message
6.4.7 Report Administrative Status

The Report Administrate Status message is issued by a job controller to request admimstrati
status information from a subordinate. The parameters for both the Report AdmueisStatus
request and its response are as follows:
Parameters on Request:

<none>
Parameters on Response:

administrative-state

link-to-supervisor-status
A job controller wishing to recee¢ updated administrag status from one of its subordinates
should issue it a Report Administragi Status request. Upon regag a Report Administrate
Status request from the supervjsaijob controller should issue a Report Administeatstatus
response specifying its current administrastate and the current state of the connection between
itself and the supervisor.

6.4.8 Resume All Tasks

A Resume All Bsks message is issued by a job controller to a subordinate; it requests the
subordinate to switch from theaising, Rused or &rminated administrate state to the Aate
administratve state and resume theseution of all outstanding tasks. The parameters for both the
Resume All Tasks request and its responses are as follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
The purpose of this message is to resume theitgctif a subordinate subsystem which has
previously been issued aBse All sks or €rminate All Bsks request. A job controller wishing
to resume the aeity of a subordinate subsystem should issue the subordinate a Resume All
Tasks request.able 13. on pagg2 details what a job controller should do upon reogia
Resume All Tasks request from the supervisor.
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Administrative State Action

Available, It is a protocol violation to receive a Resume All Tasks while in the Available orJE-
E-stopped stopped administrative state.

1. Issue a Resume All Tasks response+ to the supervisor.
Active 2. If the job controller has subordinates, issue a Resume All Tasks request to gach
subordinate.

1. Switch to the Active administrative state.
Pausing, 2. Issue a Resume All Tasks response+ to the supervisor.
3. If the job controller has subordinates, issue a Resume All Tasks request to gach

Paused :
subordinate.
4. For each task that is in the Paused task-state and the Normal task-managejnent-
state, switch the task to the Adtitask-state. Resume theseution of these outstang-
ing tasks.
Terminating It is a protocol violation to receive a Resume All Tasks while in the Terminating

administrative state.

1. Switch to the Active administrative state.

Terminated 2. Issue a Resume All Tasks response+ to the supervisor.
3. If the job controller has subordinates, issue a Resume All Tasks request to gach
subordinate.

4. Resume the execution of new tasks.

Table 13. Semantics of the Resume All Tasks Message
6.4.9 Terminate All Tasks

A Terminate All asks message is issued by a job controller to a subordinate; it requests the
subordinate to switch to theefiminating (and\eentually to the &minated) administrate state,

to indefinitely suspend thexecution of all outstanding tasks and to no longer accegatiEe Bsk
requests. The parameters for both tleniinate All Bsks request and its responses are as
follows:

Parameters on Request:
<none>

Parameters on Response+:
<none>

Parameters on Response-—:
error: Error Object

A job controller wishing to terminate the agty of a subordinate should issue it erfhinate All
Tasks request.able 14. details what a job controller should do upon vegea Terminate All
Tasks request from the supervisor.

Administrative State Action
Available,
Active, It is a protocol violation to receive a Terminate All Tasks request while in the Afail-
Pausing able, Active, Pausing or E-stopped administrative state.
E-stopped

Table 14. Semantics of the Job Controller Terminate All Tasks Message
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Administrative State Action

1. Switch to the Terminating administrative state.
2. Issue a Terminate All Tasks response+ to the supervisor.
3. If the job controller is at the equipment level and the sole task is in the Paudged
task-state, then do the following:

Abort the task according to internal procedures,

Switch the task to the Terminated task-state and issue a Plan Finished reqUest to
the planner.

Switch to the Terminated administrative state.
4. If the job controller is at the equipment level and there is no outstanding task or
the sole task is not in the Paused task-state (then it must be in a terminal taskstate),
switch to the €rminated administrate state. Issue an AdministraiStatus messagI

each

Paused

to the supervisor.
5. If the job controller has subordinates, issue a Terminate All Tasks request t
subordinate. For each task that is in the Paused task-state, do the following:

Abort any local subtasks according to internal procedures.

After all subtasks have been terminated (either by the workcell or some subprdi-
nate), switch the task to therminated task-state and issue a Plan Finished requgst to
the planner.

After receiving an Administrative Status message from each subordinate adyertis-
ing a Terminated administrative state, switch to the Terminated administrative gtate
and issue an Administrative Status message to the supervisor.

Terminating, Receiving a Terminate All Tasks request while in the Terminating or Terminategl
Terminated administratve state will hae no afect on the internal state of the job controllesue
a Terminate All Tasks response+.

Table 14. Semantics of the Job Controller Terminate All Tasks Message

6.5 Task Requests Issued By A Supervising Job Controller

Task Requests are requests which a job controller may issue to either the supervisor or one of its
subordinates to perform some action to a task or to obtain information about a set of tasks. This
section presents the task requests which a job controller may issue to one of its subordinates:

» Abort Task * Report Tasks
+ Defer Task * Resume Task
+ Execute Task * Terminate Task

* Pause Task

These requests may not be issued to a subordinate job controller which is V@itablé or E-
stopped administrate state. If a subordinate job controller rgesione of these requests while in
the Available or E-stopped administradi state, the request should be ignored and an
Administrative Status message should be issued to the supervisor.

6.5.1 Abort Task

An Abort Task message is issued by a job controller to a subordinate; it requests that a specified
subordinate task be aborted. When aborting a task, no considerativenga@ipreserving the
state of the wrkpiece or possiblyven the replaceable tools; the only concern is not to damage
the equipment. The parameters for both the Abort Task request and its responses are as follows:
Parameters on Request:

subordinate-task-identifier
Parameters on Response+:

supervisor-task-identifier
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Parameters on Response—:
supervisor-task-identifier
error: Error Object
Task Status Object (CONDITIONAL)

If a job controller issues an Abora3k response—, the conditional paramegskTStatus Object is
specified if it contains information related to rejecting the request.

A job controller wishing to abort one of its subtasks should issue an Ahsktréquest to the
subordinate whose task corresponds to the job controller’s subtask.

Upon recering an Abort Bsk request from the supervistite job controller should perform the
following steps:

1. If the job controllers administratie state is @rminated, issue an Aborta3k
response—. No further action is necessary.

2. If the specified task is anvialid task, issue an Abora$k response—. No further action
iS necessary.

3. If the specified task is in the Aborted task-state, issue an Ahskirésponse+ to the
supervisor.

4. If the specified task is in some other terminal task-state, issaskeStatus message to
the supervisor specifying its terminal state and then issue an Adsktrdsponse— to
the supervisor. No further action is necessary.

5. If the specified task’s management state is Aborting, proceed to step 10.
6. Otherwise, set the specified task’s management state to Aborting.

7. If the Abort Task request walidates ay outstanding requests for the specified task,
respond ngatively to those outstanding requests. If the AbarKlrequest walidates
any requests that the job controller has issued, then cancel those requests.

8. If the job controller is at the equipmenvéd abort the task according to internal pro-
cedures.

9. If the job controller has subordinates, issue AbadKTrequests to each subordinate
with subtasks in support of the specified task and wait for responses.
If any subordinate responds with an AborsK response—, issue an AbodsK
response— to the supervisor and contact theeagtiardian. Proceed according to the
active guardian’s instructions.
If all subordinates respond with Aboragk responses+, then the task has been suc-
cessfully aborted.

10. After the task is aborted, switch the task into the Aborted task-state and clear e task’
management state.

11. Issue a Plan Finished request to the planner.
12. Issue an Abort Task response+ to the supervisor.

6.5.2 Defer Task

A Defer Task message is issued by a job controller to a subordinate; it requests that a specified
subordinate task be deferred. A task may be deferred if it is completely repeatable, from the
beginning, without damage to theovkpiece(s). The parameters for both the DetsKIrequest

and its responses are as follows:
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Parameters on Request:
subordinate-task-identifier
Parameters on Response+:
supervisor-task-identifier
Parameters on Response—:
supervisor-task-identifier
error: Error Object
Task Status Object (CONDITIONAL)
If a job controller issues a Defeadk response—, the conditional paramegskTStatus Object is
specified if it contains information related to rejecting the request.

A job controller wishing to defer one of its subtdskiould issue a Defera$k request to the
subordinate whose task corresponds to the job controller’s subtask.

Upon recering a Defer ask request from the supervistire job controller should perform the
following steps:

1.

2.

9.

If the job controllers administratie state is &minating or €rminated, issue a Defer
Task response—. No further action is necessary.

If the specified task is anvalid task, issue a Defea3$k response—. No further action
IS necessary.

If the specified task is in the Deferred task-state, issue a Defkrdsponse+. No fur-
ther action is necessary.

If the specified task is in some other terminal task-state, issaskeStatus message to
the supervisor specifying its terminal state and then issue a Defkerrdsponse— to
the supervisor. No further action is necessary.

If the specified task’management state is Aborting erminating, issue a Defea3k
response—. No further action is necessary.

If the specified task’s management state is Deferring, proceed to step 11.
Otherwise, set the task’'s management state to Deferring.

A Defer Task request will ivalidate ag receved or issued &use ask requests. If gn
such request &s receied, issue a response-. lfyasuch requests were issued, cancel
them.

If the job controller is at the equipmentéd abort the task according to internal pro-
cedures.

10. If the job controller has subordinates, then do the following:

(a) Abort any locally executing subtasks according to internal procedures.

(b) Paus)e each subtask which is beimgauted by a subordinate (see Section 6.5.4 on
page 57).

(c) After all subtasks are pauserininate each subtask which is beirgaited by a
subordinate (see Section 6.5.7 on page 61).

(d) If any subtask cannot be paused or terminated, issue a eflerdsponse— to the
supervisor and contact the aetiguardian for assistance. Proceed according to its
instructions.

8. Itis unlikely that a job controller will hae the intelligence to determine whether or not a task or subtask is
deferrable. It is expected that the active guardian will instruct a job controller to defer a task,.
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(e) After all locally executing subtasks are aborted and all subtasdauéed by subor-
dinates have been terminated, the task is deferred.

11. After the task is deferred, switch the task into the Deferred task-state and set the task’
management state to Normal.

12. Issue a Plan Finished request to the planner.
13. Issue a Defer Task response+ to the supervisor.

6.5.3 Execute Task

An Execute Bsk message is issued by a job controller to a subordinate; it requests the creation
and eecution of a ne& task. The parameters for both theecExte Bsk request and its responses
are as follows:
Parameters on Request:

supervisor-task-identifier

production-plan: Plan Identifier Object

list of input-plan-parameter: Plan Parameter Object (CONDITIONAL)
Parameters on Response+:

supervisor-task-identifier

subordinate-task-identifier
Parameters on Response—:

supervisor-task-identifier

error: Error Object

A job controller wishing to kgin the &ecution of one of its subtasks which is scheduled to be
executed by a subordinate should issue aachte &sk request to that subordinate. The job
controller specifies a local identifier for the task, the production plan trdoeited (parameters
production-plan-identifier and production-plaersion) and aninput plan parameters that the
production plan may require.

If the subordinate job controller issues are&ixe Rsk response+, it will specify a local identifier
for that task. In all future communicationgaeding this task, the supervisor willays preoide

the subordinate’local identifier for the task (subordinate-task-identifier) and the subordinate will
always provide the supervisor’'s local identifier for the task (supervisor-task-identifier).

Upon recering an Execute &sk request from the supervisthre job controller should perform
the following steps:

1. If the job controllers administratie state is &rminating or €rminated, issue an Ex
cute Task response—. No further action is necessary.

2. If the specified task alreadyists (i.e., the supervisdask-id is identical to a currently
outstanding task), issue an Execute Task response—. No further action is necessary.

3. Validate the specified production plan. If it igafid, issue an Execute Task response—
No further action is necessary.

4. Issue an Execute Task response+.

5. If the job controller's administrative state is Active, then do the following:

(a) Create a n& task with a task-state of Aeé and a task-management state of Nor-
mal.

(b) Execute the task according to the steps in the production plan and the job control-
ler’'s internal task execution algorithms.
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6. If the job controller's administrative state is Pausing or Paused, then do the following:
(a) Create a n& task with a task-state of Agé and a task-management-stateaid?
ing.
(b) If the task can be paused (i.e., a checkpoint can be reached) withoutvdraeno
of ary equipment (assuming thatyamequest to a subordinate implies equipment
movement), then»ecute the task until a checkpoint is reached and then switch the
task to the Paused task-state. No further action is necessary.

(c) If the task cannot be paused without performing mactufing steps, then switch
the subtask to the &iting for Guardian task-state and contact thevaguardian. Pro-
ceed according to the active guardian’s instructions.

6.5.4 Pause Task

A Pause ask message is issued by a job controller to a subordinate; it requests a specified
subordinate task’execution to be suspended. The parameters for bothatieeFask request and
its responses are as follows:
Parameters on Request:

subordinate-task-identifier

time-frame: CHOICE OF {

desired-pausing-duration
OR as-soon-as-possible}

expected-paused-duration
Parameters on Response+:

supervisor-task-identifier

estimated-pausing-duration
Parameters on Response-—:

supervisor-task-identifier

error: Error Object

estimated-pausing-duration (CONDITIONAL)

Task Status Object (CONDITIONAL)

If a job controller issues aabBse ask response—, the conditional parameter estimated-pausing-
duration is specified if the reason for rejecting the request is because the specified task cannot be
paused within the requested desired-pausing-duration. The conditional paraasétedtdius

Object is specified if it contains information related to rejecting the request.

A job controller wishing to suspend theeeution of one of its subtasks should issuawask ask

request to the subordinate whose task corresponds to the job costrslletask. The job
controller may specify either a time intalwvithin which its subtask should reach the paused
task-state (parameter desired-pausing-duration), or that its subtask should be paused as soon as
possible. In addition, the job controller will estimateviong its subtask’ execution is gpected

to be suspended (parametapected-paused-duration). This parameter is specified so that the
subordinate may adjust its schedule to accommodate the suspended execution.

Upon recering a Rwuse ask request from the supervisarjob controller should perform the
following steps:

1. If the job controllers administratie state is & minating or €rminated, issue aabse
Task response—. No further action is necessary.
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If the specified task is anvialid task, issue ad®ise &sk response—. No further action
IS necessary.

If the specified task is in a terminal task-state (Aborted, Deferred, Completed-or T
minated) or if the task’management state is Aborting, Deferring @miinating, then
issue a Pause Task response—. No further action is necessary.

If the job controller's administrative state is Paused, then do the following:

(a) Update the information associated with that task specifying whenxpeced to
continue executing that task (based upon the parameter expected-pause-duration).
(b) Continue to monitor the estimated-completion-time of the task to determine if it
becomes late. Use thewlg receved epected-pause-duration to determine if it
becomes late.

If the job controller's administrative state is Active or Pausing, then do the following:
(a) Set the specified task’s management state to Pausing.

(b) Identify the nearest future checkpoint for the specified task and determine the ear-
liest time in which it can pause the task (denoted ‘earliest-pausing-time’).

(c) If the job controller has no subordinates or the specified task doevolotiary
subordinates, it should:

>> |f the Rause @sk request as issued with the parameter as-soon-as-possible,
issue a Ruse ask response+ with an estimated-pausing-duration of the earliest-
pausing-time.

>> |f the Rause &sk request as issued with the parameter desired-pausing-dura-
tion and the earliest-pausing-time is within that desired-pausing-duration, issue a
Pause ask response+ with an estimated-pausing-duration of the earliest-pausing-
time.

>> Otherwise, issue aaBse sk response— with an estimated-pausing-duration of
the earliest-pausing-time, clear the taskianagement state and continnece-

tion of the task. No further action is necessary.

>> Continue recution of the task until the identified checkpoint is reached, and
then suspendxecution of the task, switch the task to theuged task-state and
clear the task’s management state.
(d) If the job controller has subordinates, it should:
>> If the Rause ask request &as issued with the parameter as-soon-as-possible,
then issue a Pausask response+ with an estimated-pausing-duration of the earli-
est-pausing-time. Then do the following:
>>> |ssue Buse &sk requests to each subordinate thakxés@ing a subtask
in support of that task in order to pause the task as soon as possible.
>>> Continue recution of the task until the identified checkpoint(s) are
reached (either by this job controller or its subordinates reporéingde), then
switch the task to theaRsed task-state and clear the mshkanagement state.
Issue a Task Status message to the supervisor.
>> |f the Rause &sk request &as issued with the parameter desired-pausing-dura-
tion and the earliest-pausing-time is within that desired-pausing-duration, then
issue a Ruse ask response+ with an estimated-pausing-duration of the earliest-
pausing-time. The do the following:
>>> Continue recution of the task until the identified checkpoint(s) are
reached, then switch the task to tleeiged task-state and clear the &sshkan-
agement state. Issue a Task Status message to the supervisor.
>> |f the Rause &sk request as issued with the parameter desired-pausing-dura-
tion and the earliest-pausing-time is not within that desired-pausing-duration, then
do the following:
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>>> |ssue Buse &sk requests to each subordinate thakesw@ing a subtask
in support of that task to determine if all subordinates can pause their tasks
within the desired-pausing-duration.

>>> |f all of the irvolved subordinates issualse ask response+, then the

job controller should issue a®se ask response+ to the supervisor with the
longest estimated-pausing-duration (reediby a subordinate or determined
locally).

>>> |f all of the subordinates that responded wilu$e &ask response— speci-

fied an estimated-pausing-duration (i.e., more time is required to pause the
task), the job controller should issue @Be &sk response— to the supervisor
with the longest estimated-pausing-duration (mesmbiby a subordinate or
determined locally), issue Resumask requests to all subordinates who
responded positely to the Ruse &sk requests, clear the taskhanagement
state and continue execution of the task. No further action is necessary.

>>> |f ary subordinate respondecise ask response— for arother reason,
then the job controller should issue @iBe ask response— to the supervjsor
issue ResumeaBk requests to all subordinates who respondedvmbgitclear
the taskS$ management state and contindecetion of the task. No further
action is necessary.

>>> Continue recution of the task until the identified checkpoint(s) are
reached (either by theankcell job controller or its subordinates reporting
Paused), then switch the task to tteufed task-state and clear the tmshkan-
agement state.

(e) Continue to monitor the estimated-completion-time of the task to determine if it
becomes late by using thepected-pause-duration specified in tlae$e ask request.

6.5.5 Report Tasks

A Report asks message is issued by a job controller to a subordinate; it requests status
information to be reported on a set of specified subordinate tasks. The parameters for both the
Report Tasks request and its response are as follows:
Parameters on Request:
tasks: CHOICE OF {
list of subordinate-task-identifier
OR All-Tasks}
Parameters on Response:
list of
subordinate-task-identifier
supervisor-task-identifier
status: CHOICE OF{
error: Error Object
OR status: Task Status Object}
] (CONDITIONAL)

If a job controller issues a Repomsks request and it wishes to rgeestatus on all outstanding
tasks, All-Tasks is specified. If All-dsks is specified in a Reporasks request and a job
controller does not currently Y& ary outstanding tasks, then the RepatsKs response has an
empty list.

59



A job controller wishing to recee updated status for a collection of its subtasks should issue a
Report Bsks requedio each of its subordinates whose tasks correspond to the job comstroller’
subtasks.

Upon recering a Report &sks request from the supervisiie job controller should perform the
following steps:
1. If the Report @sks request specified Ala3ks, then for each outstanding task, collect

the supervisotask-identifier local-task-identifierand sk Status Object information,
and issue a Report Tasks response.

2. If the Report &sks request specified a list of tasks, for eaghlithlocal-task-identi-
fier in the list of tasks, specify the ermwde of ivalid task identifierFor each alid
local-task-identifier in the list of tasks, collect the superviask-identifiey local-
task-identifier and dsk Status Object information. Issue a Rep@tk$ response
which includes the error information forvadid tasks and the task status information
for valid tasks.

6.5.6 Resume Task

A Resume &sk message is issued by a job controller to a subordinate; it requests a suspended
subordinate task’execution to continue. The parameters for both the Resasleréquest and its
responses are as follows:
Parameters on Request:

subordinate-task-identifier
Parameters on Response+:

supervisor-task-identifier
Parameters on Response—.

supervisor-task-identifier

error: Error Object

Task Status Object (CONDITIONAL)
If a job controller issues a Resumask response—, the conditional paramesskTStatus Object
is specified if it contains information related to rejecting the request.

A job controller wishing to resume theezution of one of its subtasks should issue a Resume
Task request to the subordinate whose task corresponds to the job controller’s subtask.

Upon recering a Resumeadask request from the supervistire job controller should perform the
following steps:

1. If the job controllers administratie state is &rminating or €rminated, issue a
Resume Task response—. No further action is necessary.

2. If the specified task is anvalid task, issue a Resumask response—. No further
action is necessatry.

3. If the specified task is in a terminal task-state (Aborted, Deferred, Completed-or T
minated) or the task’'management state is Aborting, Deferring @minating, issue a
Resume Task response—. No further action is necessary.

4. If the job controller's administrative state is Active or Pausing, then do the following:
(a) If the specified task’state is not Acte, switch it to the Actie task-state. Set the
task-management-state to Normal.

(b) Issue a Resume Task response+.
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(c) Resume thexecution of local subtasks supporting the task, switching each to the
Active task-state and setting its task-management-state to Normal.

(d) If the job controller has subordinates supporting the task, then for each subtask in
execution by a subordinate, issue that subordinate a Resaskadquest. If gnsub-
ordinate responds with Resumask response—, contact the @etguardian and pro-
ceed according to its instructions.

5. If the job controller's administrative state is Paused, then do the following:
(a) Switch to the Pausing administrative state.
(b) Proceed according to step 4.

6.5.7 Terminate Task

A Terminate &sk message is issued by a job controller to a subordinate; it requests a specified
subordinate task’execution to be indefinitely suspended. The parameters for botlethenate
Task request and its responses are as follows:
Parameters on Request:

subordinate-task-identifier
Parameters on Response+:

supervisor-task-identifier
Parameters on Response—:

supervisor-task-identifier

error: Error Object

Task Status Object (CONDITIONAL)
If a job controller issues aefminate &sk response—, the conditional parame&skTStatus
Object is specified if it contains information related to rejecting the request.

A job controller wishing to terminate one of its subtasks should isseen@niate &ask request to
the subordinate whose task corresponds to the job controller’'s subtask.

Upon recering a Terminate ask request from the supervistire job controller should perform
the following steps:

1. If the specified task is anvialid task, issue a€efFminate &ask response—. No further
action is necessary.

2. If the specified task is in theeiminated task-state, issue erfinate &sk response+.
No further action is necessary.

3. If the specified task is in some other terminal task-state, issaskeStatus message to
the supervisor specifying its terminal state and then isseenaiffate ask response—
to the supervisor. No further action is necessary.

4. If the specified task is not currently in thauBed task-state or the task-management-
state is Aborting or Deferring, the task cannot be terminated; issesran@te ask
response—. No further action is necessary.

5. If the specified task’'s management state is Terminating, proceed to step 9.
Otherwise, set the task-management-state to Terminating.

7. If the job controller is at the equipmenvédd, abort the task according to internal pro-
cedures. Issue a Terminate Task response+.

o
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8. If the job controller has subordinates, then aboytlanal subtasks and issuermi-
nate Bsk requests to all subordinates with subtasks in support of the specified task,
and wait for responses.

(a) If any subordinate responds with &rminate ask response— for a reason other
than the task being in the Completed or Terminated task-state, then do the following:

>> |f a subordinate task is in the Aborted task-state, issuermifate &ask
response—. No further action is necessary.

>> Otherwise, contact the agti guardian. Proceed according to thevacgjuard-
ian’s instructions.

(b) If all subordinates respond wittefiminate ask responses+ or if all subordinates
that respond with drminate &sk response— do so because the task is already in the
Completed or Terminated task-state, then the task has been successfully terminated.

9. After the task is terminated, mark all&outing or Not-Yet-E&cuting steps in the pro-
duction plan as Scheduled, switch the task into grenihated task-state and clear the
task-management-state.

10. Issue a Task Status message to the supervisor.
11. Issue a Plan Finished request to the planner.

6.6 Task Requests Issued By A Subordinate Job Controller

Task Requests are requests which a job controller may issue to either the supervisor or one of its
subordinates to perform some action to a task or to obtain information about a set of tasks. This
section presents the task requests which a job controller may issue to the supersksStails.

This request may not be issued to the supervisor if the job controller is irvailabke or E-
stopped administrate state. If a supervising job controller reesi a Bsk Status request from a
subordinate which is in thevAilable or E-stopped administnadi state, the request should be
ignored.

6.6.1 Task Status

A Task Status message is issued by a job controller to inform the supervisor of the current status
of a task. The sk Status message is an unconfirmed message; it has no response. The parameters
are as follows:
Parameters:

supervisor-task-identifier

Task Status Object

A Task Status message should be issugdtiame one of the parameters in the tasktatus
changes (i.e., if any of the parameters of the Task Status Object have changed).
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7 Planning To Job Control Interface

Due to the close relationship and frequent need for interaction between a job controller and the
planner a special intedce is specified to support task completion and erroveegdue to the
nature of the planning-to-job-control interface, most messages are initiated by the job controller.

7.1 Job Controller Initiated Messages

There are three types of messages supported by the planning-to-job-contaténtavhnection-
management messages, execution-related messages and error-related messages.

The connection-management messages are:
* Connect
» Disconnect
The execution-related messages are:
* Plan Executing
* Plan Finished
The error-related messages are:
* Replan Aborted Step
* Replan Deferred Step
* Replan Late Plan
* Replan Late Step
* Replan Terminated Step

It is invalid for a planner to recee an &ecution-related or erraelated message from a job
controller while in the Aailable administratie state. If a planner does raeeione of these
messages while in the Available administrative state, the message should be ignored.

The dialogues and actions which occur between a job controller and the planngreimoan
related dialogue are similar:
A job controller encounters a situation with a task which requires rescheduling. It issues a
request to the planner to reschedule the production plan associated witaridangftask.
The planner attempts (and perhaps succeeds) to modify the production plan and responds
to the job controller with an action which affects the disposition of the task. The job con-
troller carries out the instructed action.
There are seeral \alid actions that a planner may instruct the job controller to perform: abort the
task, defer the task, terminate the task, or rexgceting the task according to a modified
production plan.

The reaminder of this section discusses the complkeractions between a job controller and
planner and is structured as folls. First, there is a discussion of the connection-management
and eecution-related messages. ¥ilethere is a discussion of the errefated messages,
including a description of the circumstances which cause a job controller to issue each message,
the planner actions upon regeig each message, and the plamsrsponse to the job controller
Finally, there is a discussion of what a job controller does as a result eimga@eresponse from

the planner for eachalid action (i.e., abort the task, defer the task, terminate the task, or retry
executing the task according to a modified production plan).
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7.1.1 Connect

A Connect message is issued by a job controller to the planner to establish a connection via the
planning-to-job-control intedce. This is the first message a job controller may issue to the
planner; the connection must be established before issungtlaer messages. The parameters
for both the Connect request and its responses are as follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
A planner which recges a Connect request should determine if it is capable of accepting the
connection request, and if so, issue a Connect response+. The Connect response+ results in the
connection being established. A planner may reject a Connect request because it is not in the
Active administratie state or because the job controller requesting a connection is not a job
controller for which the receiving planner plans.

7.1.2 Disconnect

A Disconnect message is issued by a job controller to the planner to terminate a connection which
is currently established via the planning-to-job-control iatf This is the last message a job
controller may issue the planner without re-establishing a connection. The parameters for both the
Disconnect request and its responses are as follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
A planner which recees a Disconnect request should determine if it should terminate the
connection, and if so, issue a Disconnect response+. The Disconnect response+ results in the
connection being terminated. In general, the primary reason for rejecting a Disconnect request is
that the planner has outstanding requests from the job controller.

7.1.3 Plan Executing

A Plan Executing message is issued by a job controller to inform the planner that a production
plan has bgun eecution. The Plan Ecuting message is an unconfirmed message; it has no
response. The parameters are as follows:
Parameters:

production-plan: Plan Identifier Object
If a planner recees a Plan Eecuting message which specifies arali plan, it should ignore
the message. Otherwise, it should switch theepant that corresponds to that production plan to
the BErecuting ceenant-state and issue av@oant Status message to the supervidoice a
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covenant has entered thedexiting coenant-state, the planner may no longer alter theramt;
all discrepancies and errors associated with that covenant are reported via the job controllers.

7.1.4 Plan Finished

A Plan Finished message is issued by a job controller to inform the planner that a production plan
has completedxecution. The parameters for both the Plan Finished request and its response are
as follows:

Parameters on Request:

production-plan: Plan Identifier Object
plan-state
local-task-identifier

Parameters on Response:
local-task-identifier

If a planner recees a Plan Finished request and the planvalioh or the specified plan-state is
Not-Yet-Executing or Ercuting, the planner should ignore the request and issue a Plan Finished
response. If the plan-state is Aborted, Completed or Deferred, discard the production plan and its
corresponding oeenant. If the plan-state isefiminated, discard only the v@nant that
corresponds to the production planyesdhe production plan because it is needed in order to
reschedule remainingnexecutedsteps in the production plan. In the case of Aborted, Deferred

or Terminated, deleting the wenant may imolve issuing Rem@ Covenants requests to
subordinates for the urecuted subogenants. Issue a Plan Finished response only after
completing the previous steps.

7.1.5 Replan Aborted Step

A Replan Aborted Step message is issued by a job controller to the planner if one of its subtasks
has been unpectedly aborted and the step needs to be replanned. In general, this will occur if a
job controller receles a ask Status message from one of its subordinates specifying that a
subtask has been Aborted and the job controller did not instruct its subordinate to Abort the
subtask. In such cases, the job controller will switch the specified task taitnegVibr Planner
task-state and issue a Replan Aborted Step request to the planner specifying the production plan
and the step whichag aborted. The parameters for both the Replan Aborted Step request and its
responses are as follows:
Parameters on Request:

production-plan: Plan Identifier Object

step-identifier

local-task-identifier
Parameters on Response+:

local-task-identifier

actionl] {Abort Task, Defer Task, Resume, Terminate Task}
Parameters on Response—:

local-task-identifier

error: Error Object
Upon recering a Replan Aborted Step request from the job controlierplanner should perform
the following steps:
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1. If the specified production plan or step iwald, issue a Replan Aborted Step
response—. No further action is necessary.

2. If the planner can modify the plan to reeofrom the anomaljyt should do so and do
one of the following:

(a) Issue a Replan Aborted Step response+ with action ‘Resume’. This is issued if the
job controller can continuexecution of the task according to the modified production
plan at the place where it encountered an aborted subtask. No further action is neces-
sary.

(b) Issue Replan Aborted Step response+ with action ‘Defek’TThis is issued if the
planners recaery from the anomaly requires the job controller to start the task from
the bginning a@in. This will require rescheduling, so the job controller is requested

to defer the task. No further action is necessary.

3. If the planner cannot modify the production plan to vecdrom the anomaly and the
workpiece(s) are &cted or the task’execution cannot continue until a checkpoint is
reached, then the planner should issue a Replan Aborted Step response+ with action
‘Abort Task’. No further action is necessary.

4. Otherwise, the planner should issue a Replan Aborted Step response+ with action
‘Terminate Task'.

7.1.6 Replan Deferred Step

A Replan Deferred Step message is issued by a job controller to the planner if one of its subtasks
has been unectedly deferred and the step needs to be replanned. In general, this will occur if a
job controller receles a Ask Status message from one of its subordinates specifying that a
subtask has been Deferred and the job controller did not instruct its subordinate to Defer the
subtask. In such cases, the job controller will switch the specified task taitiegVibr Planner
task-state and issue a Replan Deferred Step request to the planner specifying the production plan
and the step whichas deferred. The parameters for both the Replan Deferred Step request and its
responses are as follows:

Parameters on Request:

production-plan: Plan Identifier Object

step-identifier

local-task-identifier
Parameters on Response+:

local-task-identifier

action {Abort Task, Defer Task, Resume, Terminate Task}
Parameters on Response—:

local-task-identifier

error: Error Object
Upon recering a Replan Deferred Step request from the job contrdaher planner should
perform the following steps:

1. If the specified production plan or step iwalid, issue a Replan Deferred Step
response—. No further action is necessary.

2. Otherwise, the planner should reschedule the production plan (see Section 5.1.3 on
page 27) starting with the step which was deferred.
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3. If the planner succeeds in rescheduling the plan, then the planner should issue a Rep-
lan Deferred Step response+ with action ‘Resume’. Note that if the rescheduled plan
violates the current cemant constraints, this information will be geged via the job
controllers estimated-completion-time for the associated task, which may result in
rescheduling at the supervisor level.

4. If the planner cannot reschedule the plan, then issue a\#uiaed Error Occurred
request to the active guardian.

(a) If the guardian responds with Sulenant Error Occurred response with action
‘Retry’, then repeat starting with step 2.

(b) If the guardian responds with Suleoant Error Occurred response with another
action, issue a Replan Deferred Step response+ to the job controller with the same
action which the guardian specified.

7.1.7 Replan Late Plan

A Replan Late Plan message is issued by an equipmehtdd controller to the planner if the
identified tasks estimated-completion-time is later than its scheduled-completion-time. In such
cases, the job controller will switch the specified task to th@&ing for Planner task-state and
issue a Replan Late Plan request to the plamspecifying the production plan and the current
estimated-completion-time for the task associated with the production plan. The parameters for
both the Replan Late Plan request and its responses are as follows:
Parameters on Request:

production-plan: Plan Identifier Object

estimated-completion-time

local-task-identifier
Parameters on Response+:

local-task-identifier

actiond {Abort Task, Defer Task, Resume, Terminate Task}
Parameters on Response—:

local-task-identifier

error: Error Object

Upon recering a Replan Late Plan request from the job contrdherplanner should perform the
following steps:

1. If the estimated-completion-time is past the plarmetanning horizon, contact the
active guardian for assistance and proceed according to its instructions.

2. If the specified production plan isvadid, issue a Replan Late Plan response—. No fur-
ther action is necessary.

3. Otherwise the planner should determinexieading the current plan to accommodate
the lateness will affect any existing covenants for this planner.

4. If no covenants will be affected, then do the following:
(a) Extend the scheduled-completion-time for the production plan to the estimated-
completion-time specified in the request
(b) Issue a Replan late Plan response+ with action ‘Resume’. Do not issuerafiio
Status"message to the supervisor planner; this notification will be issued by the job
controllers.

(c) No further action is necessary.
5. If there are covenants that will be affected, then do the following:
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(a) Issue a Break Genants request to the supervisor to determine if thosnaats
may be broken so that the late one may be extended.

(b) If the supervisor grants permission to break thosemants, then do the folle
ing:
>> |ssue a Ceenants Brokn request for the genants to be bran and remee
the covenants.

>> Extend the scheduled-completion-time for the production plan to the estimated-
completion-time specified in the request.

>> |ssue a Replan Late Plan response+ with action ‘Resume’. Do not issue-a Co
nant Status message to the supervisor; this notification will be issued by the job
controller.

>> No further action is necessary.

(c) If the supervisor does not grant permission to break all the necessanants,
then do the following:

>> |dentify the first future checkpoint prior to the completion of the plan. Issue a
Break Caoenants request to the supervisor for theecants that need to be berk

in order to reach the checkpoint. If the supervisor grants permission to break the
covenants that need to be broken in order to reach the identified checkpoint, then:

>>> |ssue a Ceenants Brokn request for the genants for which permission
was granted,

>>> Extend the scheduled-completion-time of the production plan, and
>>> |ssue a Replan Late Plan response+ with action ‘Terminate Task'’.
>>> No further action is necessary.

>> |f no checkpoint can be reached or the supervisor will not grant permission to
break the necessaryvamants to reach a checkpoartd the operation which the

plan defines is completely repeatable with no ill consequence, then issue a Replan
Late Plan response+ with action ‘Defer Task’. No further action is necessary.

>> Otherwise, issue a Replan Late Plan response+ with action ‘Abort Task’.
>> No further action is necessary.

7.1.8 Replan Late Step

A Replan Late Step message is issued by a job controller to the planner if one of its subordinates
is reporting an estimated-completion-time later than the scheduled-start-time of a subsequent step.
In such cases, the job controller will switch the specified task to #ing/for Planner task-state
and issue a Replan Late Step request to the planner specifying the production plan, the step which
is late and that stepturrent estimated-completion-time. The parameters for both the Replan Late
Step request and its responses are as follows:
Parameters on Request:

production-plan: Plan Identifier Object

step-identifier

estimated-completion-time

local-task-identifier
Parameters on Response+:

local-task-identifier

actionl] {Abort Task, Defer Task, Resume, Terminate Task}
Parameters on Response—:

local-task-identifier

error: Error Object
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Upon recering a Replan Late Step request from the job contrdherplanner should perform the
following steps:

1. If the estimated-completion-time is past the plarmetanning horizon, contact the
active guardian and proceed according to its instructions.

1. If the specified production plan or step igalid, issue a Replan Late Step response-—.
No further action is necessary.

2. Otherwise, the planner should update the scheduled-completion-time for the specified
step.

3. Then, the planner should reschedule the production plan (see Section 5.1.3 on
page 27) starting with the step(s) following the step which was late.

4. If the planner succeeds in rescheduling the plan, then the planner should issue a Rep-
lan Late Step response+ with action ‘Resume’. Note that if the rescheduled plan vio-
lates the current e@nant constraints, this information will be geyed via the job
controllers estimated-completion-time for the associated task, which may result in
rescheduling to occur at the supervisor level.

5. If the planner cannot reschedule the plan, then issue a\#uiaecd Error Occurred
request to the active guardian.

(a) If the guardian responds with Sulenant Error Occurred response with action
‘Retry’, then repeat starting with step 3.

(b) If the guardian responds with Sulenant Error Occurred response with another
option, issue a Replan Deferred Step response+ to the job controller with the same
action which the guardian specified.

7.1.9 Replan Terminated Step

A Replan EBrminated Step message is issued by a job controller to the planner if one of its
subtasks has been wpectedly terminated and the step needs to be replanned. In general, this
will occur if a job controller recees a &sk Status message from one of its subordinates
specifying that a subtask has beeernfinated and the job controller did not instruct its
subordinate to terminate the subtask. In such cases, the job controller will switch the task to the
Waiting for Planner task-state and issue a Replarmihated Step request to the planner
specifying the production plan and step whicaswerminated. The parameters for both the
Replan Terminated Step request and its responses are as follows:
Parameters on Request:

production-plan: Plan Identifier Object

step-identifier

local-task-identifier
Parameters on Response+:

local-task-identifier

action[] {Abort Task, Defer Task, Resume, Terminate Task}
Parameters on Response—:

local-task-identifier

error: Error Object
Upon recering a Replan &minated Step request from the job contrpltee planner should
perform the following steps:
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1. If the specified production plan or step isahd, issue a Replanefminated Step
response—. No further action is necessary.
2. Otherwise the planner should do the following:

(a) Issue Request for Bid requests to some collection of subordinates who can perform
the terminated step. In the request parameters, specify the production plaasttet w
minated (NOT the production-managed plan) and set the terminated-flag to true.

(b) After receving some number of Genant Status messages from subordinates
advertising their bids, select one bid which should be accepted.

(c) Issue an Accept Bid request to the subordinate whose bid was selected.

(d) If an Accept Bid response- is reesil from the subordinate, then choose another
bid to accept and repeat steps (c) and (d). If there are no more bids to accept, then
change the parameters to the Request for Bid and repeat starting with step (a).

(e) If an Accept Bid response+ is reged from the subordinate, then issue Reeno
Cowenant requests to each of the subordinates whade a bid bt were not issued
an Accept Bid request.

3. Then, the planner should reschedule the production plan (see Section 5.1.3 on
page 27) starting with the step(s) following the step which was terminated.

4. If the planner succeeds in rescheduling the plan, then the planner should issue a Rep-
lan Late Step response+ with action ‘Resume’. Note that if the rescheduled plan vio-
lates the current eenant constraints, this information will be geyed via the job
controllers estimated-completion-time for the associated task, which may result in
rescheduling to occur at the supervisor level.

5. If the planner cannot reschedule the plan, then issue a\&uiacd Error Occurred
request to the active guardian.

(a) If the guardian responds with Sulenant Error Occurred response with action
‘Retry’, then repeat starting with step 3.

(b) If the guardian responds with Sulenaant Error Occurred response with another
option, issue a Replan Deferred Step response+ to the job controller with the same
action which the guardian specified.

7.1.10 Planner Instructs Job Controller to Abort Task

Upon receipt from the planner of a response+ with acibort Task’ to one of Replan Aborted
Step, Replan Deferred Step, Replan Late Plan, Replan Late Step or Raptamaied Step, the
job controller should perform the following steps:

1. If the identified task is walid or is not in the \aiting for Planner task-state, ignore the
message. No further action is necessary.

2. If the specified task is already in a terminal task-state, issaskaSkatus message to
the supervisor and a Plan Finished message to the planner with the appropriate plan-
state. No further action is necessary.

3. Otherwise, follow steps 5. — 11. in Section 6.5.1 on page 53.
4. Issue a Task Status message to the supervisor.
7.1.11 Planner Instructs Job Controller to Defer Task

Upon recering from the planner a response+ with action ‘DefesKT to one of Replan Aborted
Step, Replan Deferred Step, Replan Late Plan, Replan Late Step or Raptamaied Step, the
job controller should perform the following steps:
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5.

If the identified task is walid or is not in the \Afting for Planner task-state, ignore the
message. No further action is necessary.

If the specified task is already in a terminal task-state, issaskaSkatus message to
the supervisor and a Plan Finished message to the planner with the appropriate plan-
state. No further action is necessary.

If the specified task’ management state is Aborting @riinating, ignore the mes-
sage. No further action is necessary.

Otherwise, follow steps 7. — 12. in Section 6.5.2 on page 54.
Issue a Task Status message to the supervisor.

7.1.12 Planner Instructs Job Controller to Terminate Task

Upon recering from the planner a response+ with actioerfiiinate &sk’ to one of Replan
Aborted Step, Replan Deferred Step, Replan Late Plan, Replan Late Step or Repliaat€d
Step, the job controller should perform the following steps:

1.

2.

If the identified task is walid or is not in the \Afting for Planner task-state, ignore the
message. No further action is necessary.

If the specified task is already in a terminal task-state, issaskaSkatus message to
the supervisor and a Plan Finished message to the planner with the appropriate plan-
state. No further action is necessary.

If the job controller is at the equipment level, it should:

(a) Pause the task (see Section 6.5.4 on page 57).

(b) Abort the task according to internal procedures.

(c) Mark all Executing or Not-¥t-Executing steps in the production plan as Sched-
uled.

(d) Issue a Plan Finished request to the planner.

(e) After receving a response from the plannessue a ask Status message to the
supervisor specifying that the task has been Terminated.

If the job controller has subordinates, the job controller must consider each subtask
individually:

(a) For each subtask which is Deferred, Completed or alreadyimated, no action is
necessary.

(b) If any subtask of the task is in the Aborted task-state or Aborting task-manage-
ment-state, contact the active guardian with Subtask Error Occurred.

(c) For each subtask which is in the Aetitask-state, issueal’se &ask requests (with
parameter as-soon-as-possible) to the subordirataieng that subtask. See Section
6.5.4 on pagé7 for the details of theddse &sk message. If all aeé subtasks cannot

be paused, then contact the active guardian with Subtask Error Occurred.

(d) After all subordinates who were attempting to pause tasksibaued a dsk Sta-

tus message specifying that their tasks anesBd, issue aefminate ask request for

all subtasks which are in thedsed state. When all subtasksehbeen &rminated,

the task is Terminated.

(e) After the task has been terminated, mark akdiring and Not-¥t-Executing
steps in the production plan as Scheduled.

(f) Issue a Plan Finished request to the planner.

(g) After receving a response from the plannessue a ask Status message to the
supervisor specifying that the task has been terminated.

71



7.1.13 Planner Instructs Job Controller to Resume the Task

Upon recering from the planner a response+ with action ‘Resume’ to one of Replan Aborted
Step, Replan Deferred Step, Replan Late Plan, Replan Late Step or Raptamaied Step, the
job controller should perform the following steps:

1. If the identified task is walid or not in the \&iting for Planner task-state, ignore the
message. No further action is necessary.

2. Otherwise, retrige an updated cgpof the step which as specified in the original
request to the planner and continxeaution of the task (according to administrati
state).

7.2  Planner Initiated Messages

There is only a single message which a planner may send to the job controller: Recheck Step. It is
discussed below.

7.2.1 Recheck Step

The Recheck Step message is issued by a planner to inform the job controller that a step within an
executing production plan has been modified and the job controller shenifg that it has the
modified information. The Recheck Step message should only be issued if the step which is
modified is in the Not-#t-Executing step-state. The Recheck Step message is an unconfirmed
message; it has no response. The parameters are as follows:

Parameters:

production-plan: Plan Identifier Object
step-identifier
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8  Guardian Planning Interface

The MSI architecture pxides the guardian planning intace to allav external monitoring and
intervention of planning functions. The guardian planning iamfsupports some of the same
messages as the planning ireed. It preides additional messages for error reporting and
recovery not provided by the planning interface.

There are tw major diferences between a guardian planning message and the planning message
with the same name:

* Inthe covenant-related messages of the planning iaterfeach request has a subordinate-
covenant-identifier parameter which identifies theverant; its responses Ve a
supervisoicovenant-identifier parameter which denotes the supersigtehtifier for that
covenant. In the guardian planning intmé, each request has a locater@nt-identifier
parameter which is defined to be e@lent in \alue to the subordinatessenant-
identifier; its responses V& the same local-senant-identifier parameter as in the
request.

* Some of the ceenant related messages in the planning itertontain a Genant Status
Object parameter in the responses. In the guardian planningaagethis parameter is
replaced with the Guardian @Ganant Status Object. The daft detail-leel is used for the
Guardian Covenant Status Object.

If the semantics of a message in the guardian planningaogeafe identical to the message in the
planning interace with the same name, the reader will be referred to the planningasterf
specification for that message. In these cases, thaviiofsubstitutions should be applied when
reading those sections for the semantics of the guardian planning message:

» The response issued for the original request to the supervisor should be issued to the
requesting guardian instead. All other supervisor correspondence should remain as
specified.

* Any mention of the subordinate planner refers to the planner whash issued the
message.

A planner may ha&e at most one established aetguardian planning connection at a time; it may
have ary number of established passiguardian planning connections. The set of messages
which are valid for the passive guardian planning interface are:

* Administrative Status » Notify Covenant

» Clear Covenant Notification * Report Administrative Status
e Connect * Report Covenants

» Disconnect » Set Covenant Notification

* Identify

The set of messages which aadidl for the acire guardian planning intexte are all &lid passie
guardian planning messages plus the following:

* Availability Alert * Reactivate Subordinate

» Clear Schedule * Remove All Bids

» Configuration Alert » Subcovenant Error Occurred

* Die » Subordinate Problem

* Ignore Subordinate * Update Covenant Constraints
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8.1 Data Objects

In addition to the data objects discussed in Section 4 on2dagbere are tow comple data

objects used in the guardian planning irgeef the Guardian Administre¢ Status Object for
reporting administrate status and the Guardianw@oant Status Object for reportingveoant

status. Both data objects emypla similar mechanism to allodifferent levels of detail to be
specified.

The Guardian Geenant Status Object has three component comgid¢a objects: Genant
Name Object, Ceenant Status Object, and Subeoant Status Object. The follong subsections
describe all of these data objects in detail.

8.1.1 Guardian Administrative Status Object

The Guardian Administrate Status Object is a data object which contains information describing
a planneis administratie status. Detail-leels 0 and 1 pnade increasingly more detailed
information about a planner’'s administrative status. The default detail-level is O.

The Guardian Administrative Status Object contains the following data elements:
if (detail-level = 0) [
administrative-state
link-to-supervisor-status
planner-job-control-link-status (CONDITIONAL)
]
if (detail-level = 1) [
administrative-state
link-to-supervisor-status
planner-job-control-link-status (CONDITIONAL)
list of [
subordinate-planner-identifier
administrative-state
link-to-subordinate-status
] (CONDITIONAL)

]

If the current configuration specifies that a control entityilets the planning function only (no
job control function is supported), then the parameter plgonberontrol-link-status is omitted. If

the planner does not Ym ary subordinates, then the list of subordinate information should be
omitted.

8.1.2 Covenant Name Object

The Caoenant Name Object is a component of the Guardiarei@mt Status Object; it contains
high level information about a single wenant. Its primary use is to pide the minimal
information necessary for a guardian to identify a covenant.

The Covenant Name Object contains the following data elements:

local-covenant-identifier
supervisor-covenant-identifier
global-plan-reference
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plan: CHOICE OF{
production-managed-plan: Plan Identifier Object
OR work-element-identifier}

8.1.3 Covenant Status Object

The Cwenant Status Object is a data object which is used in both the planningcetand the
guardian planning inteste to describe detailed information about a singlermant. The reader
is referred to Section 5.4 on pagf@ for a description of the @enant Status Object. iWin the
guardian planning inteate, the Ceenant Status Object is a component of the Guardiaeramt
Status Object.

8.1.4 Subcovenant Status Object

The Subcweenant Status Object is a component of the Guardiareramt Status Object; it
contains detailed information about a subcovenant for a step in a production plan.

The Subcovenant Status Object contains the following data elements:
local-subcovenant-identifier
step-identifier
subcovenant-state
subordinate-planner-identifier (CONDITIONAL)
subordinate-subcovenant-identifier (CONDITIONAL)

If a subceenant is being scheduled by the same planner responsible for schedulingettento
to which it belongs, then the parameters subordinate-plachemtifier and subordinate-
subcovenant-identifier are omitted.

8.1.5 Guardian Covenant Status Object

The Guardian Cegenant Status Object is a data object which specifies information about a single

covenant. Detail-leels 0, 1, 2 and 3 pvale increasingly more detailed information about a
covenant. If the detail-lesl is 2, the list of suba@nant (Subogenant Status Object), contains

information about only those sub@mants that are currently in the process of being scheduled. If

the detail-lgel is 3, the list of suba@nant (Subogenant Status Object), contains information
aboutall subcovenants of a covenant. The default detail-level is 1.

The Guardian Covenant Status Object contains the following data elements:
if (detail-level = 0) [
Covenant Name Object
]

if (detail-level = 1) [
Covenant Name Object
Covenant Status Object
list of input-plan-parameter: Plan Parameter Object (CONDITIONAL)
]
if (detail-level = 2) [
Covenant Name Object
Covenant Status Object
list of input-plan-parameter: Plan Parameter Object (CONDITIONAL)
list of subcovenant :Subcovenant Status Object
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if (detail-level = 3) [
Covenant Name Object
Covenant Status Object
list of input-plan-parameter: Plan Parameter Object (CONDITIONAL)
list of subcovenant: Subcovenant Status Object

]

The parameter list of input-plan-parameter is only specified if the source-plan used to schedule
the covenant requires input plan parameters; otherwise it is omitted.

8.2 Guardian Initiated Messages
The guardian initiated messages in the guardian planning interface are:

* Availability Alert » Ignore Subordinate

» Clear Covenant Notification * Reactivate Subordinate

» Clear Schedule * Remove All Bids

» Configuration Alert * Report Administrative Status
» Connect * Report Covenants

* Die » Set Covenant Notification

» Disconnect » Update Covenant Constraints
 |dentify

This section describes each of these messages in more detail.

8.2.1 Availability Alert

The Awilability Alert message isalid for the actre guardian planning intexte only. It is issued

by the actre guardian to a planner if the resource for which that planner is scheduling has had a
change in wailability. The Availability Alert message is an unconfirmed message; it has no
response. There are no parameters to the Availability Alert message.

A planner needs to be constantly informed of changes in its resoaragability so that it may
accurately schedule plans for the job controllerxecate; it must beveare of when that resource
is expected to be den for maintenance and if that resource is currentlyaiteble due to a
failure. If the aailability information changes, anvAilability Alert message should be issued to
the planner.

It is a protocol violation for a planner to reeeian Availability Alert while in the Aailable
administratve state; the message should be ignored. Otherwise, upovingcan Availability
Alert message, a planner should update its local information about the resauaidability. If
the nev availability information conflicts with prgously scheduled a@nants, the planner should
issue a Ceenants Brokn message to the supervisor for tHecéd coenants (see Section 5.7.3
on page 41 for the details of this message).

8.2.2 Clear Covenant Notification

The Clear Cwenant Notification message sl for both the actie and passe guardian
planning inter&ces. It is issued by a guardian to a planner; it requests the planner to discontinue
dynamically reporting ogenant status to the issuing guardian for a set wErants. The
parameters for both the Clear Covenant Notification request and its response are as follows:
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Parameters on Request:
detail-level
covenants:  CHOICE OF{
list of local-covenant-identifier
OR All-Bids
OR All-Contracts
OR All-Covenants}
Parameters on Response:
list of [
local-covenant-identifier
acceptance: Acceptance Object
] (CONDITIONAL)

If a planner recees a Clear Gaenant Notification request which specifies All-Bids, All-
Contracts or All-Covenants, the Clear Covenant Notification response will have no parameters.

If a guardian wishes to discontinue dynamic status reporting for a setevfasds, it should issue
a Clear Covenant Notification request to the planner with those covenants.

It is a protocol violation to rece® a Clear Ceenant Notification request while in thevalable
administratve state. The planner should ignore the request and issue an Admeishtatius
message.

If the planner is in the Acte administratie state and the guardian specifies all bids, all contracts
or all corenants in the Clear ®@enant Notification request, then the planner should clear
notification for all outstanding bids, contracts ovemants (respeetly) which are mankd to be
reported to the requesting guardian, and issue a Clean@oat Notification response with no
parameters.

If the planner is in the Acte administratie state and the guardian specifies a list &oants on
which to clear notification, then the planner should determine ahdity of each cwenant
specified by the guardian, and #li\, clear notification for that eenant. The planner should
issue a Clear Genant Notification response, enumerating each specifiehant and denoting
whether notification was cleared or not.

8.2.3 Clear Schedule

The Clear Schedule messageatd/for the actre guardian planning intex€e onlylt is issued by
the actve guardian to a planner; it requests the planner to dispose ofetlacds which werlap
with a specified time inteal. The parameters for both the Clear Schedule request and its
responses are as follows:
Parameters on Request:
start-time
completion-time
Parameters on Response:
acceptance: Acceptance Object
If the actve guardian wishes to clear the schedule (kenadl contracted and bidden operations)
of a given planner within a gen time interal, it should issue a Clear Schedule request to that
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planner Upon receiing a Clear Schedule request from thevactiuardian, the planner should
perform the following steps:

1. It is a protocol violation to rece a Clear Schedule request while in thaikble
administratve state. The planner should ignore the request and issue an Adnmweistrati
Status message to the active guardian.

2. If the specified time inteal is completely bgond the plannes’ planning horizon,
issue a Clear Schedule response—. No further action is necessary.

3. If the specified time inteal is in the past, issue a Clear Schedule response—. No fur-
ther action is necessary.

4. If the specified start-time is later than the specified completion-time, issue a Clear
Schedule response—. No further action is necessary.

5. For each ceenant which partially or completelyerlaps with the specified time inter-
val, do the following:
(a) Switch the covenant to the Removing Covenant covenant-state.
(b) Dispose of the agenant and its associated production plan. If the planner has sub-
ordinates, this may involve issuing Remove Covenant requests to subordinates.

6. Issue a Ceenants Brokn message to the supervisor specifying theemants which
have been broken.

7. Issue a Clear Schedule response+.
8.2.4 Configuration Alert

The Configuration Alert is valid for the active guardian planning interface only. It is issued by the
actve guardian to inform a planner that the baseline configufatims changed. The
Configuration Alert message is an unconfirmed message; it has no response. There are no
parameters to the Configuration Alert message.

It is a protocol violation to rece® a Configuration Alert while in thevAilable administrate
state; the message should be ignored. If a plannervescaiConfiguration Alert from the addi
guardian while in the Acote administratie state, it should consult the current baseline
configuration to determine if the supervisor and/or subordinatesdi@nged or if its relationship
to one or more job controllers has changed. It should dategach planner which it is currently
supervising bt not a subordinate in the modified configuration. It should/atetieach of its
subordinates in the modified configuration if it is not currently supervising that planner.

8.2.5 Connect

The Connect message ialid for both the acte and passe guardian planning intexfes. It is
issued by a guardian to a planner to establish aveaatipassie guardian planning connection

via the guardian planning intade. This is the first message a guardian may issue to a planner;
the connection is required to be established prior to issupm@taer messages. The parameters
for both the Connect request and its responses are as follows:

Parameters on Request:
<none>

9. A baseline configuration is the original specification of where a control entity exists within the control
hierarchy, who the supervisor is, who its subordinates are, and whether the job control function exists.
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Parameters on Response+:
<none>

Parameters on Response—:
error: Error Object

A planner who recees a Connect request should determine if it is capable of accepting the
connection request, and if so, issue a Connect response+. The Connect response+ results in the
connection being established. In general, the primary reason for rejecting a connection request
from a guardian is that the planner currently has an establishe@ agttardian planning
connection and another request for the active guardian planning connection is received.

8.2.6 Die

The Die message ifld for the actte guardian planning intex€e only It is issued by the agt
guardian to a planner; it requests the planner to immediatiéiegardless of administrate state

or the &istence of outstanding bids. The Die message is an unconfirmed message; it has no
response. There are no parameters to the Die message.

An active guardian may issue a Die message to a planner which is exhibiting anomalous behavior
or in other situations where sucktreme actions are necessafyhen a planner recais a Die
message, the only action itresquiredto perform is to xt; it may perform additional actions. It
should be noted that for the shop andrkeell planners, this will result in planners without
supervisors.

8.2.7 Disconnect

The Disconnect message #id for both the acte and pasge guardian planning intextes. It is
issued by a guardian to a planner to terminate a connection which is currently established via the
guardian planning intete. This is the last message a guardian may issue to a planner without re-
establishing a connection. The parameters for both the Disconnect request and its responses are as
follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
A planner which recges a Disconnect request should determine if it should terminate the
connection, and if so, issue a Disconnect response+. The Disconnect response+ results in the
connection being terminated. In general, the primary reason for rejecting a Disconnect request is
that the planner has outstanding requests to that guardian.

8.2.8 Identify

The Identify message isalid for both the acte and pasge guardian planning intextes. It is
issued by a guardian to a planner to determine its characteristics. The parameters for both the
Identify request and its response are as follows:

Parameters on Request:
<none>
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Parameters on Response:

make

model

version

level

list of planning-strategy
If a guardian wishes to kmoa particular plannes’characteristics, it should issue that planner an
Identify request. The steps that a planner shouldvialipon receiing an Identify request from a
guardian are identical to those of remeg an ldentify request from the supervisBee Section
5.5.3 on page 33 for an explanation of these steps.

8.2.9 Ignore Subordinate

The Ignore Subordinate message adid/for the actre guardian planning intexte only It is
issued by the aste guardian to a planner; it requests the planner to indefinitely suspend both
communicating with and supervising one of its subordinates. The parameters for both the Ignore
Subordinate request and its responses are as follows:
Parameters on Request:

subordinate-planner-identifier
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
This message is used when a plannekisbé&ing anomalous bekar which is interfering with
the supervisos performance; the aet guardian may decide to issue an Ignore Subordinate
request instructing the supervising planner to ignore that subordinate.

Upon recering an Ignore Subordinate request from thevactjuardian, the planner should
perform the following steps:
1. The planner has not cheak the baseline configuration to determine its subordinates

when in the Aailable administratie state. If the planner is in thev#ilable adminis-
trative state, issue an Ignore Subordinate response—. No further action is necessary.

2. If the specified subordinate does nwisg issue an Ignore Subordinate response—. No
further action is necessary.

Terminate the connection (if one exists) with the specified subordinate.
Issue an Ignore Subordinate response+.
Do not attempt to establish a new connection.

Continue to report in Guardian AdministretiStatus messages that the specified sub-
ordinate &ists and that its link status is unconnected. This is done so that the guardian
will remain aware that this subordinate is being ignored.

8.2.10 Reactivate Subordinate

The Reactiate Subordinate message @id for the acire guardian planning intexte only It is

issued by the aste guardian to a planner; it requests the planner to resume communicating with
and supervising a subordinate that &swpr&iously instructed to ignore. The parameters for both
the Reactivate Subordinate request and its responses are as follows:

o gk w
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Parameters on Request:
subordinate-planner-identifier
Parameters on Response+:
<none>
Parameters on Response—:
error: Error Object

Upon recering a Reactiate Subordinate request from the \aetguardian, the planner should
perform the following steps:

1. A planner has not cheell the baseline configuration to determine its subordinates
when in the Aailable administratie state. If the planner is in thevailable adminis-
trative state, issue a Reactivate Subordinate response—. No further action is necessary.

2. If the specified subordinate does nrisg issue a Reastite Subordinate response—.
No further action is necessary.

3. Otherwise, issue a Reactivate Subordinate response-+.

4. Attempt to establish a connection with the specified subordinate. If the planner cannot
establish a connection with the specified subordinate, it should issue an Admieistrati
Status message (see Section 8.3.1 on page 85).

5. If a connection can be established, the planner should resume its supervisory responsi-
bilities with respect to that subordinate.

8.2.11 Remove All Bids

The Remoe All Bids message isalid for the actte guardian planning intex€e only. It is issued
by the actre guardian to a planner; it requests the planner to dispose ofetlacis which are in
the Pre-Bidding, Bidding, Bidden, Breaking Bid or Acceptinges@ant-state so that the planner
may be deactated. The parameters for both the Reenall Bids request and its responses are as
follows:

Parameters on Request:
<none>
Parameters on Response+:
<none>
Parameters on Response—:
acceptance: Acceptance Object
If the actve guardian wishes to deaetie a planneit should first issue that planner a Remo

All Bids request. Upon recang a Remue All Bids request from the aeé guardian, the planner
should perform the following steps:

1. Itis a protocol violation to recé a Remwe All Bids request while in thevailable
administratve state. The planner should ignore the request and issue an Admweistrati
Status message to the requesting guardian.

2. For each ceenant in the Pre-Bidding eenant-state, issue a Request for Bid
response—. Dispose of the covenant and its associated production plan.

3. For each ceenant in the Accepting genant-state, issue an Accept Bid response—
Switch the cwenant to the Renwing Covenant cgenant-state. Dispose of thevee
nant and its associated production plan. If the planner has subordinates, this may
involve issuing Remove Covenant requests to subordinates.
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4. For each ceenant in the Bidding, Bidden, or Breaking Bidsenant-state, switch the
covenant to the Renmwing Covenant ceenant-state. Dispose of theveoant and its
associated production plan. If the planner has subordinates, this voaseirssuing
Remove Covenant requests to subordinates.

5. Issue a Remove All Bids response+.
8.2.12 Report Administrative Status

The Report Administrate Status message isli for both the actie and passe guardian
planning interfce. It is issued by a guardian to a planner to request its current admieistrati
status. The parameters for both the Report Adminiggr&tatus request and its responses are as
follows:

Parameters on Request:
detail-level
Parameters on Response+:
Guardian Administrative Status Object

Parameters on Response—.
error: Error Object

If a guardian wishes to reeei updated administrag status from a plannet should issue a
Report Administratie Status request to that planngne detail-leel parameter alles a guardian
to request administrae information about only the planner or the plamabsystem. See
Section 8.1.1 on pagkl for a discussion of the Guardian AdministratStatus Object which
explains the information provided for each detail-level.

Upon recering a Report Administrate Status request from a guardian, a planner should issue a
Report Administratie Status response-— if the detaildkis invalid. Otherwise, it should issue a
Report Administratie Status response+ specifying the required information as defined by the
Guardian Administrative Status Object and detail-level.

8.2.13 Report Covenants

The Report Ceenants message islid for both the acte and pasge guardian planning
interface. It is issued by a guardian to a planner; it requests status information to be reported on a
set of c@enants. The parameters for both the Repove@ants request and its response are as
follows:
Parameters on Request:
covenants: CHOICE OF{
list of local-covenant-identifier
OR All-Bids
OR All-Contracts
OR All-Covenants}
detail-level
Parameters on Response:
list of
local-covenant-identifier
status: CHOICE {
error: Error Object
OR status: Guardian Covenant Status Object}
] (CONDITIONAL)
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If a Report Ceenants request specified All-Bids, All-Contracts or Aliv€eants and a planner
currently has no outstanding bids, contracts ovepants (respeettly), then the Report
Covenants response will have no parameters.

If a guardian wishes to reeei updated status for some collection ofasmants, it should issue a
Report Coenants request to the planner with thoseenants. The detail kel parameter allos a
guardian to request more or less detailed information about Yemamats. See Section 8.1.5 on
page75 for a discussion of the Guardianv@nant Status Object whiclk@ains the information
provided for each detail-lel. Upon receiing a Report Ceenants request from the guardian, the
planner should perform the following steps:

1. Itis a protocol violation to rece® a Report Oeenants request while in thev#ilable
administratve state. The planner should ignore the request and issue an Admweistrati
Status message to the requesting guardian.

2. If the Report Ceenants requestas issued with the parameter All-Bids, then for each
covenant in the Bidding, Bidden, Breaking Bid or Acceptinget@ant-state, compile
the Guardian Covenant Status Object and issue a Report Covenants response.

3. If the Report Ceenants requestas issued with the parameter All-Contracts, then for
each cgenant in the Contracted, Breaking Contract aedtting ceenant-state, com-
pile a Guardian Covenant Status Object and issue a Report Covenants response.

4. If the Report Ceenants requestas issued with the parameter All\@mants, then for
each coenant in the Bidding, Bidden, Breaking Bid, Accepting, Contracted, Breaking
Contract, Remnaing Covenant or Egcuting coenant-state, compile a Guardianv€o
nant Status Object and issue a Report Covenants response.

5. If the Report Covenants requesisnssued with a list of genants, then for eachwco
enant that is in the list,ub not in the Egcuted ceenant-state, compile a Guardian
Covenant Status ObjectoF all other ceenants in the list, identify the appropriate
error and issue a Report @mants response which includes the error information for
invalid covenants and the covenant status information for valid covenants.

8.2.14 Set Covenant Notification

The Set Ceenant Notification message iald for both the actie and passe guardian planning
interfaces. It is issued by a guardian to a planner; it requests the planner to dynamically report
covenant status to the issuing guardian for a set wér@nts. The parameters for both the Set
Covenant Notification request and its response are as follows:

Parameters on Request:
covenants: CHOICE OF{
list of local-covenant-identifier
OR All-Bids
OR All-Contracts
OR All-Covenants}
detail-level
Parameters on Response:
list of [
local-covenant-identifier
acceptance: Acceptance Object
] (CONDITIONAL)
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If a planner recees a Set Geenant Notification request which specifies All-Bids, All-Contracts
or All-Covenants, then the Set Covenant Notification response will have no parameters.

If a guardian wishes to resel dynamic ceenant status reports for a set of@eants, it should
issue a Set Genant Notification request to the planner with thoseegants. This message
differs from the Report Genants message in that the Reporvédants message pides a
snapshot vie of the status for a set of\enants; the Set @enant Notification message prdes

a continuous vie of the status for a set ofvwenants — the planner should issue status messages
any time the current status of one of the specified covenants changes.

The detail-leel parameter alles a guardian to request more or less detailed information about
the cavenants. See Section 8.1.5 on p@fdor a discussion of the Guardianv@pant Status
Object which explains the information provided for each detail-level.

It is a protocol violation to receé@ a Set Ceenant Notification while in the vailable
administratve state. The planner should ignore the request and issue an Admveishtatius
message to the requesting guardian.

If the planner is in the Acte administratie state and all bids, all contracts or alewmants is
specified in the request, then the planner should set notification for all outstanding bids, contracts
or covenants, respectively, and issue a Set Covenant Notification response with no parameters.

If the planner is in the Acte administratie state and a list of genants is specified in the
request, then the planner should determine dlidity of each ceenant specified by the guardian,
and if walid, set notification for that ®enant. The planner should issue a Setve@ant
Notification response, enumerating each specifiegr@nt and denoting whether notification
was set or not.

8.2.15 Update Covenant Constraints

The Update Ceenant Constraints messageadid for the acire guardian planning intex€e only
It is issued by the ae® guardian to a planner to assist the planner in planning by changing the
constraints associated with aveoant. The parameters for both the UpdateeGant Constraints
request and its responses are as follows:
Parameters on Request:

local-covenant-identifier

planning-strategy

priority

earliest-start-time (CONDITIONAL)

latest-completion-time (CONDITIONAL)
Parameters on Response+:

local-covenant-identifier
Parameters on Response—.

local-covenant-identifier

error: Error Object

Guardian Covenant Status Object (CONDITIONAL)

If one of the conditional parameters is the UpdateeGant Constraints request is omitted, then
that constraint is renved. These semantics are consistent with that of the Request for Bid:
existent constraints should be specified, constraints to beveshshould be omitted from the
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request. If a planner issues an Updatggbant Constraints response—, the conditional parameter
Guardian Ceenant Status Object is specified if it contains information related to rejecting the
request.

An Update Cwenant Constraints message may be used to charngeoambination of the
following parameters of a wenant: planning-stragg, priority, earliest-start-time or latest-
completion-time. Only the parameters which are to be changed should be specified in the request.
This information may be used by the planner to rescheduleenant. If the acte guardian

wishes to interene with the scheduling of an operation, it may issue an Updaten@ut
Constraints request to a planngéne steps that a planner should fellopon recaiing an Update
Covenant Constraints request from the \actguardian are identical to those of rese an

Update Cegenant Constraints request from the superviSee Section 5.6.5 on pag for an
explanation of these steps.

8.3 Planner Initiated Messages

The planner initiated messages in the guardian planning interface are:
* Administrative Status
* Notify Covenant
* Subcovenant Error Occurred
* Subordinate Problem
This section describes each of these messages in more detail.

8.3.1 Administrative Status

An Administratve Status message iald for both the acte and passe guardian planning
interface. It is issued to each guardian by a planner to inform that guardiay ctiage in its
administrative status. A planner should issue an Administrative Status message to each connected
guardian egry time one of the parameters in its administeasitatus changes. If the planner does

not currently hae an established guardian planning connection and it wishes to issue an
Administratve Status message to report an abnormal situation, it should turn on the planning
watchdog and after establishing a connection to a guardian, it should issue an Admeistrati
Status message. The AdministvatiStatus message is an unconfirmed message; it has no
response. The parameters are as follows:

Parameters:

administrative-state

link-to-supervisor-status

operational-status

list of [
subordinate-planner-identifier
administrative-state
link-to-subordinate-status

] (CONDITIONAL)

If a planner issuing an Administre# Status message has no subordinates, then the list of
subordinate information will not be specified.
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8.3.2 Notify Covenant

The Notify Corenant messages islid for both the acfie and passe guardian planning
interfaces. A Notify Cgenant message is issued by a planner to a guardian to report the current
status of a oeenant. The Notify Ceenant message is an unconfirmed message; it has no
response. The parameters are as follows:

Parameters:

local-covenant-identifier
Guardian Covenant Status Object

When in the Acire administratie state, a planner should, for each outstandingramt, issue
Notify Covenant messages to each guardian which has set notification foniaaicbeach time
ary parameter of the Guardian v&mant Status Object for thatvemant changes. The detai¢
used in determining momuch information to pnade in the Guardian Genant Status Object is
that which was specified by that guardian in its Set Covenant Notification request.

8.3.3 Subcovenant Error Occurred

The Subcovenant Error Occurred message is valid for the active guardian planning interface only.
It is issued by a planner to inform the wetguardian that an error has occurred in attempting to
reschedule a production plan. When the planner wishes to issue this message torghe acti
guardian, the planner should turn on itatehdog red-light. The parameters for both the
Subcovenant Error Occurred request and its response are as follows:

Parameters on Request:

local-covenant-identifier
step-identifier
global-plan-reference
error: Error Object
Parameters on Response:

local-covenant-identifier
actiond {Abort Covenant, Defer Covenant, Retry, Terminate Covenant}

Most subcwenant scheduling errors arise from either competing prioritgreants or when the
production plan associated with thevepant is alreadyxecuting and therefore the planner is
restricted rgarding what it can do to res@\a conflict. The aate guardian may respond with one
of four options: Abort, DefeRetry or Brminate. Abort, Defer andefminate cause the planner
to instruct the job controller to Abort, Defer oerininate (respestely) the corresponding
subtask. Retry causes the planner to re-attempt to esba\conflict; in general, the guardian has
changed the parameters — either at thi®llef control or some highervel of control —
associated with the covenants so that the conflict will no longer exist.

8.3.4 Subordinate Problem

The Subordinate Problem messageabdvfor the actie guardian planning intexte only It is

issued by a planner to inform the aetiguardian that a subordinate dhibiting anomalous
behaior. When the planner wishes to issue this message to tiie gatirdian, the planner should

turn on its vatchdog red-light. The Subordinate Problem message is an unconfirmed message; it
has no response. The parameters are as follows:
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Parameters:
subordinate-planner-identifier
error: Error Object

Examples of when a Subordinate Problem messagé&ibe issued include when a subordinate is
not responding to requests, when a subordinate is consistently issuing inappropriate messages, or
when a planner is unable to establish a connection to its subordinate.
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9 Guardian Job Control Interface

The MSI architecture puides the guardian job control intacke to allev for external monitoring
and interention of job control functions. The guardian job control iieefsupports most of the
same messages as the job control iatexf It preides additional messages for error reporting and
recovery not provided by the job control interface.

There are tw major diferences between a guardian job control message and a job control
message with the same name:

* In the task-related messages of the job control axterfeach request has a subordinate-
task-identifier parameter which identifies the task, and its respongesalsuperviser
task-identifier parameter which denotes the supergigdentifier for that task. In the
guardian job control inteate, each request has a local-task-identifier parameter which is
defined to be equalent in \alue to the subordinate-task-identifiand its responsesv&a
the same local-task-identifier parameter as in the request.

» Several of the task related messages in the job control acerfontain a ak Status
Object parameter in the responses. In the guardian job controha#ethis parameter is

replaced with the Guardiara3k Status Object. The a@eilt detail-leel is used for the
Guardian Task Status Object.

If the semantics of a message in the guardian job controldo&edre identical to the message in
the job control intedce with the same name, the reader will be referred to the job control
interface specification for that message. In these cases, theifgllcubstitutions should be
applied when reading those sections for the semantics of the guardian job control message:

* Any response issued to the supervisor should be issued to the requesting guardian instead.

* Any mention of the subordinate job controller refers to the job controller wtashssued
the message.

A job controller may hee at most one established aetiguardian job control connection at a
time; it may hae ary number of established pagsiguardian job control connections. The set of
messages which are valid for the passive guardian job control interface are:

* Administrative Status * Notify Task

» Clear Task Notification * Report Administrative Status
» Connect * Report Tasks

» Disconnect » Set Task Notification

* |dentify

The set of messages which aadid for the actre guardian job control intex€e are all &lid
passive guardian job control messages plus the following:

» Abort Task » Pause Task

» Call Task Complete » Reactivate Subordinate
» Change Subtask Status * Resume All Tasks

» Configuration Alert * Resume Task

» Defer Task » Subordinate Problem

* Die » Subtask Error Occurred
» Emergency Stop » Task Error Occurred

88



* Ignore Subordinate » Terminate All Tasks
» Pause All Tasks » Terminate Task

9.1 Data Objects

In addition to the data objects discussed in Section 4 on2#agbere are taw comple data
objects used in the guardian job control irdeef. the Guardian Administred¢i Status Object for
reporting administrate status and the Guardiaask Status Object for reporting task status. Both
data objects employ a similar mechanism to allow different levels of detail to be specified.

The Guardian dsk Status Object has three component data objexsk: Name Object, aBk
Status Object, andafk Detail Status Object. The follong subsections describe all of these data
objects in detalil.

9.1.1 Guardian Administrative Status Object

The Guardian Administrate Status Object is a data object which contains information describing
a job controllers administratie status. Detail-leels 0 and 1 pnade increasingly more detailed
information about a job controller's administrative status. The default detail-level is 0.

The Guardian Administrative Status Object contains the following data elements:
if (detail-level = 0) [
administrative-state
link-to-supervisor-status
planner-job-control-link-status
]
if (detail-level = 1) [
administrative-state
link-to-supervisor-status
planner-job-control-link-status
list of |
subordinate-job-controller-identifier
administrative-state
link-to-subordinate-status
] (CONDITIONAL)

]

If a job controller has no subordinates, then the list of subordinate information should be omitted.

9.1.2 Task Name Object

The Task Name Object is a component of the Guardask Btatus Object which contains high-
level information about a single task. Its primary use is toigeothe minimal information
necessary for a guardian to identify a task.

The Task Name Object contains the following data elements:

local-task-identifier
supervisor-task-identifier
production-plan: Plan ldentifier Object
global-plan-reference
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9.1.3 Task Status Object

The Task Status Object is a data object which is used in both the job contraddetarid the
guardian job control inteate to describe detailed information about a single task. The reader is
referred to Section 6.3 on pagi for a description of thea§k Status Object. Miin the guardian
job control interface, the Task Status Object is a component of the Guardian Task Status Object.

9.1.4 Subtask Status Object

The Subtask Status Object is a component of the Guardsin Status Object which contains
detailed information about a subtask belonging to a single task at the addressed level of control.

The Subtask Status Object contains the following data elements:

local-subtask-identifier

step-identifier

subtask-state

subtask-management-state
subordinate-job-controller-identifier (CONDITIONAL)
subordinate-subtask-identifier (CONDITIONAL)

If a subtask is beingxecuted by the same job controller responsible xeceting the task to
which it belongs, then the parameters subordinate-job-contiddietifier and subordinate-
subtask-identifier are omitted.

9.1.5 Guardian Task Status Object

The Guardian dsk Status Object is a data object which specifies information about a single task.
Depending on what the detailid is, the Guardianakk Status Object will pvade more or less
detailed information. Detaildels O, 1 and 2 pxade increasingly more detailed information
about a task. The default detail-level is 1.

The Guardian Task Status Object contains the following data elements:
if (detail-level = 0) [
Task Name Object
]
if (detail-level = 1) [
Task Name Object
Task Status Object
list of input-plan-parameter: Plan Parameter Object (CONDITIONAL)
]
if (detail-level = 2) [
Task Name Object
Task Status Object
list of input-plan-parameter: Plan Parameter Object (CONDITIONAL)
list of subtask: Subtask Status Object

]

The parameter list of input-plan-parameter is specified if the production plan requires input plan
parameters.
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9.2 Guardian Initiated Messages
The guardian initiated messages in the guardian job control interface are:

» Abort Task e Ignore Subordinate

» Call Task Completed » Pause All Tasks

* Change Subtask Status » Pause Task

» Clear Task Notification * Reactivate Subordinate
» Configuration Alert * Report Administrative Status
e Connect » Report Tasks

» Defer Task * Resume All Tasks

* Die * Resume Task

» Disconnect » Set Task Notification

* Emergency Stop » Terminate All Tasks

* |dentify » Terminate Task

This section describes each of these messages in detail.

9.2.1 Abort Task

The Abort Bsk message isalid for the actre guardian job control intex€e only It is issued by
the actve guardian to a job controller; it requests a specified task to be aborted. The parameters
for both the Abort Task request and its responses are as follows:

Parameters on Request:
local-task-identifier
Parameters on Response+:
local-task-identifier
Parameters on Response—.
local-task-identifier
error: Error Object
Guardian Task Status Object (CONDITIONAL)

If a job controller issues an Abora3k response—, the conditional parameter Guardisk Status
Object is specified if it contains information related to rejecting the request.

If the actve guardian wishes to abort a task, it should issue an Absk fEquest to the job
controller currently xecuting the task. The steps that a job controller shouldwolipon
receving an Abort &sk request from the ae#i guardian are identical to those of reteg an
Abort Task request from the supervisBee Section 6.5.1 on pabf@ for an &planation of these
steps.

9.2.2 Call Task Completed

The Call ask Completed message did for the acire guardian job control intex€e only It is
issued by the aste guardian to a job controller; it requests a job controller to abort a specific task,
but to report that it has successfully completed. The parameters for both thaskalldmpleted
request and its responses are as follows:
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Parameters on Request:
local-task-identifier
Parameters on Response+:
local-task-identifier
Parameters on Response—:
local-task-identifier
error: Error Object
Guardian Task Status Object (CONDITIONAL)
If the job controller issues a Calh3k Completed response—, the conditional parameter Guardian
Task Status Object is specified if it contains information related to rejecting the request.

This message is used to address an error condition when a guardian operatmestarithe
execution of a task which results in the tasgompletion. In such a situation, the eetyuardian
should issue a CallaBk Completed request to the job controllexoriting the task so that the job
controller will treat the task as completjé)d.

Upon receiving a Call Task Completed request from the active guardian, the job controller should
perform the following steps:

1. If the job controller is in the vailable or E-stopped administnai state, the request
should be ignored and an AdministvatiStatus message should be issued to the
requesting guardian. No further action is necessary.

2. If the specified task is anvalid task, issue a Calla§k Completed response—. No fur-
ther action is necessary.

3. If the specified task is already in the Aborted, Deferredceominated task-state, issue
a Call Task Completed response—. No further action is necessary.

4. If the specified task is already in the Completed task-state, issue aaSlalCom-
pleted response+. No further action is necessary.

5. Abort any locally executing subtasks according to internal procedures.

6. If the job controller has subordinates, issue Ab@sKTirequests to all subordinates
executing subtasks in support of the specified task.

7. After all subtasks have been aborted (both local and non-local), the task is aborted.

8. Issue a Plan Finished request to the planner specifying that the production plan has
reached the Completed plan-state.

9. Issue a @sk Status message to the supervisor specifying that the task has completed
(i.e., the task-state is Completed).

10. Issue a Call Task Completed response+.
9.2.3 Change Subtask Status

The Change Subtask Status messagaliid for the actie guardian job control intexte onlylt is
issued by the aste guardian to a job controlldt requests the job controller to update the status
information associated with an outstanding subtask which is brguyited by a subordinate (or

10. For @ample, a robot encounters an error which results in it being unable to complete-partmpera-
tion. The guardian operator intervenes by moving the part to the correct destination location. The operator
would then issues a Call Task Completed request to the robot job controller,
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possibly &ecuting locally). The parameters for both the Change Subtask Status request and its
responses are as follows:
Parameters on Request:
local-task-identifier
local-subtask-identifier
Task Status Object
Parameters on Response+:
local-task-identifier
local-subtask-identifier
Parameters on Response—:
local-task-identifier
local-subtask-identifier
error: Error Object

Upon recering a Change Subtask Status request from theeagtiardian, the job controller
should perform the following steps:

1. If the job controller is in the vailable or E-stopped administnai state, the request
should be ignored and an AdministvatiStatus message should be issued to the
requesting guardian. No further action is necessary.

2. If the specified task is anvalid task or the specified subtask is avalid subtask,
issue a Change Subtask Status response—. No further action is necessary.

3. If the specified task is already in the Aborted, Completed, Deferre@ranifated
task-state, issue a Change Subtask Status response—. No further action is necessary.

4. Update the internal information about the specified subtask to reflect the information
specified in the Task Status Object.

5. Proceed executing the task according to the status information provided.
6. Issue a Change Subtask Status response+.

9.2.4 Clear Task Notification

The Clear &sk Notification message iald for both the actie and passe guardian job control
interfaces. It is issued by a guardian to a job controller; it requests the dynamic reporting of status
information to cease for a set of tasks. The parameters for both the &kaidtification request
and its response are as follows:
Parameters on Request:
tasks: CHOICE OF {
list of local-task-identifier (CONDITIONAL)
OR All-Tasks
Parameters on Response:
list of [
local-task-identifier
acceptance: Acceptance Object
] (CONDITIONAL)

If a guardian issues a Cleaask Notification request and wishes to clear notification for all tasks
with notification currently set, the request wilvieano parameters. If no list of tasks is specified
in a Clear ask Notification request, the Cleask Notification response will i@ no parameters.
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If a guardian wishes to no longer reeeidynamically updated status information for a set of
tasks, it should issue a Cleaask Notification request to the job controller currentgaiting
those tasks.

It is a protocol violation to reces a Clear @sk Notification request while in thevéilable or E-
stopped administrate state. The job controller should ignore the request and issue an
Administrative Status message to the requesting guardian.

For all other administrate states, if the guardian does not specify a list of tasks in the @l&ar T
Notification request, then the job controller should clear notification for all outstanding tasks and
the Clear @sk Notification response will ha no parameters. If the guardian specifies a list of
tasks on which to clear notification, then the job controller should determinalithi&/\of each

task specified by the guardian, and aig, clear notification for that task. The job controller
should issue a Cleara3k Notification response, enumerating each specified task and denoting
whether notification was cleared or not.

9.2.5 Configuration Alert

The Configuration Alert isalid for the actte guardian job control intexte only It is issued by

the actve guardian to inform a job controller that the baseline configufatimas changed. The
Configuration Alert message is an unconfirmed message; it has no response. There are no
parameters to the Configuration Alert message.

It is a protocol violation to rece® a Configuration Alert while in thevAilable or E-stopped
administratve state; the message should be ignored. Otherwise, the job controller should consult
the current baseline configuration to determine if the supervisor and/or subordinatesdreged

or if its relationship to the planner has changed. It should gateach job controller which it is
currently supervising i which is not a subordinate in the modified configuration. It should
activate each of its subordinates in the modified configuration if it is not currently supervising that
job controller If the planner has changed, it should disconnect from its current planner and
connect to the new planner.

9.2.6 Connect

The Connect message @alid for both the acte and passe guardian job control intextes. It is
issued by a guardian to a job controller to establish a connection via the guardian job control
interface. This is the first message a guardian may issue to a job controller; a connection must be
established before grother messages are issued. The parameters for both the Connect request
and its responses are as follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object

11. A baseline configuration is the original specification of where a control entity exists within the control
hierarchy, who the supervisor is, who its subordinates are, and whether the job control function exists.
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A job controller who recges a Connect request should determine if it is capable of accepting the
connection request, and if so, issue a Connect response+. The Connect response+ results in the
connection being established. In general, the primary reason for rejecting a connection request
from a guardian is that the job controller currently has theeagtiardian job control connection

and another request for the active guardian job control connection is received.

9.2.7 Defer Task

The Defer sk message isalid for the acire guardian job control intex€e only It is issued by
the actve guardian to a job controller; it requests a specified task to be deferred. The parameters
for both the Defer Task request and its responses are as follows:

Parameters on Request:
local-task-identifier

Parameters on Response+:
local-task-identifier

Parameters on Response-—:
local-task-identifier

error: Error Object
Guardian Task Status Object (CONDITIONAL)

If a job controller issues a Defeadk response—, the conditional parameter Guardiak Jtatus
Object is specified if it contains information related to rejecting the request.

If the actve guardian wishes to defer a task, it should issue a Daf# rEquest to the job
controller currently eecuting the task. The steps that a job controller shouldwfolipon
receiving a Defer Task request from the active guardian are identical to those of receiving a Defer
Task from the supervisor. See Section 6.5.2 on page 54 for an explanation of these steps.

9.2.8 Die

The Die message isalid for the actre guardian job control intex€e only It is issued by the

active guardian to a job controller; it requests the job controllexitoegardless of administrate

state or thexastence of outstanding tasks. The Die message is an unconfirmed message; it has no
response. There are no parameters to the Die message.

An actve guardian may issue a Die message to a job controller whichilstemng anomalous
behaior or in other situations where suckireme actions are necessayhen a job controller
receves a Die message, the only action rteiguired to perform is to xit; it may perform other
actions. It should be noted that for higherelgob controllers, this will result in job controllers
without supervisors.

9.2.9 Disconnect

The Disconnect message #id for both the actie and passe/guardian job control intex€es. It
is issued by a guardian to a job controller to terminate a connection which is currently established
via the guardian job control intade. This is the last message a guardian may issue to a job
controller without re-establishing a connection. The parameters for both the Disconnect request
and its responses are as follows:
Parameters on Request:

<none>
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Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
A job controller which recges a Disconnect request should determine if it should terminate the
connection, and if so, issue a Disconnect response+. The Disconnect response+ results in the
connection being terminated. In general, the primary reason for rejecting a Disconnect request is
that the job controller has outstanding requests to that guardian.

9.2.10 Emergency Stop

The Emegeny Stop message isalid for the actie guardian job control intex€e only It is

issued by the aate guardian to a job controller; it requests the job controller to immediately stop
all physical actvity. The Emegeny Stop message is an unconfirmed message; it has no response.
There are no parameters to the Emergency Stop message.

The steps that a job controller should fallopon receiing an Emegeng Stop message from the
actve guardian are identical to those of rgce an Emegeny Stop message from the
supervisor. See Table 11. on page 48 for an explanation of these steps.

9.2.11 Identify

The Identify message isld for both the acte and passe guardian job control intextes. It is
issued to determine the characteristics of a job contrdller parameters for both the Identify
request and its response are as follows:
Parameters on Request:

<none>
Parameters on Response:

make

model

version

level
If a guardian wishes to kmothe characteristics of a job controler should issue the job
controller an Identify request. The steps that a job controller shouldvfollmn receiing an
Identify request from a guardian are identical to those ofviecean Identify request from the
supervisor. See Section 6.4.5 on page 48 for an explanation of these steps.

9.2.12 Ignore Subordinate

The Ignore Subordinate messageatid/for the actre guardian job control intexte only It is
issued by the aete guardian to a job controller; it requests the job controller to indefinitely
suspend both communicating with and supervising one of its subordinates. The parameters for
both the Ignore Subordinate request and its responses are as follows:
Parameters on Request:

subordinate-job-controller-identifier
Parameters on Response+:

<none>
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Parameters on Response—:
error: Error Object

This message is used when a job controllexlisbéting anomalous bek&r which is interfering
with the supervisor’s performance; the agtguardian may decide to issue an Ignore Subordinate
request instructing the supervising job controller to ignore that subordinate.

Upon recering an Ignore Subordinate request from thevaaguardian, the job controller should
perform the following steps:
1. The job controller has not chexxkthe baseline configuration to determine its subordi-

nates when in thevailable administratie state. If the planner is in the administrati
state, issue an Ignore Subordinate response—. No further action is necessary.

2. If the specified subordinate does nwisg issue an Ignore Subordinate response—. No
further action is necessary.

Terminate the connection (if one exists) with the specified subordinate.
Issue an Ignore Subordinate response+.
Do not attempt to establish a new connection.

Continue to report, in Guardian AdministraiStatus messages, that the specified sub-
ordinate &ists and that its link status is unconnected. This is done so that the guardian
will remain aware that this subordinate is being ignored.

9.2.13 Pause All Tasks

The Rwse All asks message ishd for the actte guardian job control intexte onlylt is issued

by the actre guardian to a job controller; it requests the job controller to switch toatisng
(and eentually to the Bused) administrate state and to suspend tixeeution of all outstanding
tasks. The parameters for both the Pause All Tasks request and its responses are as follows:

Parameters on Request:

time-frame: CHOICE OF {

desired-pausing-duration
OR as-soon-as-possible}

expected-paused-duration
Parameters on Response+:

estimated-pausing-duration
Parameters on Response—:

error: Error Object

estimated-pausing-duration (CONDITIONAL)
If a job controller issues aabBse All Bsks response—, the conditional parameter estimated-
pausing-duration is specified if the reason for rejecting the request is that\aty @ethnot be
paused within the requested desired-pausing-duration.

The semantics of theaBse All Bsks message in the guardian job control iaterfare identical to
those of the &use All Bsks message in the job control irked. See Section 6.4.6 on pd§efor
an explanation of these semantics.

o 0k w
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9.2.14 Pause Task

The Rause &sk message islid for the actre guardian job control intex€e only It is issued by
the actve guardian to a job controller; it requests a specifiedsasicution to be suspended. The
parameters for both the Pause Task request and its responses are as follows:
Parameters on Request:

local-task-identifier

time-frame: CHOICE OF {

desired-pausing-duration
OR as-soon-as-possible}

expected-paused-duration
Parameters on Response+:

local-task-identifier

estimated-pausing-duration
Parameters on Response-:

local-task-identifier

error: Error Object

estimated-pausing-duration (CONDITIONAL)

Guardian Task Status Object (CONDITIONAL)

If a job controller issues aabBse &sk response—, the conditional parameter estimated-pausing-
duration is specified if the reason for rejecting the request is that the specified task cannot be
paused within the requested desired-pausing-duration. The conditional parameter Gaatdian T
Status Object is specified if it contains information related to rejecting the request.

The semantics of theaBse &sk message in the guardian job control iatmfare identical to
those of the &use ask message in the job control intéexd. See Section 6.4.5 on pd@efor an
explanation of these semantics.

9.2.15 Reactivate Subordinate

The Reactiate Subordinate message @id for the actre guardian job control inteate only It
is issued by the ast guardian to a job controller; it requests the job controller to resume
communication with and supervision of a subordinate thaas preiously instructed to ignore.
The parameters for both the Reactivate Subordinate request and its responses are as follows:
Parameters on Request:

subordinate-job-controller-identifier
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
Upon recering a Reactiate Subordinate request from the \atguardian, the job controller
should perform the following steps:

1. A planner has not cheeld the baseline configuration to determine its subordinates

when in the Aailable administratie state. If the job controller is in thevailable

administratve state, issue a Reaetie Subordinate response—. No further action is
necessary.
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2. If the specified subordinate does nrisg issue a Reawstite Subordinate response—.
No further action is necessary.

3. Otherwise, issue a Reactivate Subordinate response+.

4. Attempt to establish a connection with the specified subordinate. If it cannot establish
a connection with the specified subordinate, it should specify that in an Admingstrati
Status message.

5. If a connection can be established, the job controller should resume its supervisory
responsibilities with respect to that subordinate.

9.2.16 Report Administrative Status

The Report Administrate Status message ialid for both the acte and passe guardian job
control interfices. It is issued by a guardian to a job controller to request current admieistrati
status. The parameters for both the Report Adminig&r&tatus request and its responses are as
follows:

Parameters on Request:
detail-level
Parameters on Response+:
Guardian Administrative Status Object
Parameters on Response—:
error: Error Object
If a guardian wishes to reeei updated administrat status about a job controlldrshould issue
a Report Administragie Status request to that job controllBne detail-leel parameter allos a
guardian to specify whether itamts information about only the job controller or the job

controllers subsystem as well. See Section 9.1.1 on ader a discussion of the Guardian
Administrative Status Object, which explains the information provided for each detail-level.

Upon recering a Report Administrate Status request from a guardian, a job controller should
issue a Report Administrag Status response-— if the detaildkis invalid. Otherwise, it should
issue a Report Administrag Status response+ specifying the required information as defined by
the Guardian Administrative Status Object and the detail-level.

9.2.17 Report Tasks

The Report &sks message iahd for both the actie and passe guardian job control intex€te. It
is issued by a guardian to a job controller to request status information on a set of tasks. The
parameters for both the Report Tasks request and its response are as follows:
Parameters on Request:
tasks: CHOICE OF {
list of local-task-identifier (CONDITIONAL)
OR All-Tasks
detail-level
Parameters on Response:
list of [
local-task-identifier
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status: CHOICE OF {
error: Error Object
OR status: Guardian Task Status Object}
] (CONDITIONAL)

If a guardian issues a Repodsks request and wishes to rgeestatus on all outstanding tasks,
the conditional parameter list of local-task-identifier will not be specified. If #dk¥ is specified
in a Report &sks request and a job controller does not currently &g outstanding tasks, then
the Report Tasks response will have no parameters.

If a guardian wishes to reeei updated status for a collection of tasks, it should issue a Report
Tasks request to the job controller currentkeaiting those tasks. The detaidé parameter
allows a guardian to specify whether iamts more or less detailed information about the tasks.
See Section 9.1.5 on page for a discussion of the Guardiaask Status Object whichxglains

the information provided for each detail-level.

The steps that a job controller should fellmpon recaiing a Report &sks request from a
guardian are identical to those of remeg a Report @sks request from the supervisGee
Section 6.5.5 on page 59 for an explanation of these steps.

9.2.18 Resume All Tasks

The Resume All asks message isaNd for the actte guardian job control intexte only It is
issued by the aste guardian to a job controller; it requests the job controller to switch from the
Pausing, Rused or &rminated administrate state to the Aate administratie state and resume
the execution of all outstanding tasks. The parameters for both the Resunmeskdl request and
its responses are as follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
If the actve guardian wishes to resume the\atiof a job controller which has prieusly been
instructed to suspend or terminate all\atgj it should issue the job controller a Resume All
Tasks request. The steps that a job controller shouldivfalfmn receiing a Resume All dsks
request from the ae® guardian are identical to those of reg® a Resume All 8sks request
from the supervisor. See Table 13. on page 52 for an explanation of these steps.

9.2.19 Resume Task

The Resume &k message isalid for the actre guardian job control intex€e only It is issued
by the actre guardian to a job controller; it requests a suspended &skution to continue. The
parameters for both the Resume Task request and its responses are as follows:

Parameters on Request:
local-task-identifier

Parameters on Response+:
local-task-identifier
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Parameters on Response—:
local-task-identifier
error: Error Object
Guardian Task Status Object (CONDITIONAL)

If a job controller issues a Resumask response—, the conditional parameter Guarcisik T
Status Object is specified if it contains information related to rejecting the request.

If the actve guardian wishes to resume thxeaution of a specific task, it should issue a Resume
Task request to the job controlleteguting the task. The steps that a job controller shouldafollo
upon receiving a Resumagdk request from the aeti guardian are identical to those of rese

a Resume dsk request from the supervis8ee Section 6.5.6 on pag@ for an &planation of
these steps.

9.2.20 Set Task Naotification

The Set ask Notification message islid for both the actie and passe guardian job control
interfaces.t is issued by a guardian to a job controller; it requests task status information to be
dynamically reported for a set of tasks. The parameters for both thaskelatification request

and its response are as follows:

Parameters on Request:
tasks: CHOICE OF {
list of local-task-identifier (CONDITIONAL)
OR All-Tasks
detail-level
Parameters on Response:

list of

local-task-identifier

acceptance: Acceptance Object
] (CONDITIONAL)

If a guardian issues a Setsk Notification request and wishes to set notification for all
outstanding tasks, the conditional parameter list of local-task-identifier will not be specified. If a
guardian specifies All-Tasks, the Set Task Notification response will have no parameters.

If a guardian wishes to reeei dynamically updated status information about a set of tasks, it
should issue a Seta$k Notification request to the job controller with those tasks. This message
differs from the Report Tasks message in that the Report Tasks message provides a snapshot view
of the status for a set of tasks; the Sa$KTNotification message results in the job controller
issuing status messagey dime the status parameters change forafrthe specified tasks. The
detail-level parameter allws a guardian to specify whether itamis more or less detailed
information about the tasks. See Section 9.1.5 on @@der a discussion of the Guardiaask

Status Object which explains the information provided for each detail-level.

It is a protocol violation to recee a Set @sk Notification request while in thevéilable or E-
stopped administrate state. The job controller should ignore the request and issue an
Administrative Status message to the requesting guardian.

For all other administrate states, if no list of tasks is specified in the request, then the job
controller will set notification for all outstanding tasks and the &gk Notification response will

have no parameters. If a list of tasks is specified in the request, then the job controller should
determine the alidity of each task specified by the guardian, analitly set notification for that
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task. The job controller should issue a Set Task Notification response, enumerating each specified
task and denoting whether notification was set or not.

For each task which has notification set, the job controller should issue NaKymiessages (see
Section 9.3.2 on pad5) to the guardian gntime ary parameter of the status information
changes. The detailvel used in determining homuch information to pnade in the Notify
Task message is that whiclasvspecified in the Sea3k Notification request. The job controller
should continue to issue Notifya3k messages for each task with notification set until a Clear
Task Notification message (see Section 9.2.4 on page 93) is received which specifies that task.

9.2.21 Terminate All Tasks

The Terminate All asks message ighd for the actie guardian job control intexte only It is
issued by the aete guardian to a job controller; it requests the job controller to switch to the
Terminating (and entually to the &minated) administrate state, to indefinitely suspend the
execution of all outstanding tasks, and to no longer accegattfg Bsk requests. The parameters
for both the Terminate All Tasks request and its responses are as follows:
Parameters on Request:

<none>
Parameters on Response+:

<none>
Parameters on Response—:

error: Error Object
If the actve guardian wishes to terminate the \asti of a job controller it should issue a
Terminate All sks request to that job controll@he steps that a job controller should fallo
upon recaiing a Terminate All Tasks request from the aeiguardian are identical to those of
receving a Terminate All Bsks request from the supervisBee able 14. on pagg2 for an
explanation of these steps.

9.2.22 Terminate Task

The Terminate ask message islid for the actte guardian job control intex€e onlyt is issued
by the actie guardian to a job controller; it requests a specifieds&siécution to be indefinitely
suspended. The parameters for both the Terminate Task request and its responses are as follows:
Parameters on Request:

local-task-identifier
Parameters on Response+:

local-task-identifier
Parameters on Response—:

local-task-identifier

error: Error Object

Guardian Task Status Object (CONDITIONAL)
If a job controller issues aefminate ask response—, the conditional parameter Guardash T
Status Object is specified if it contains information related to rejecting the request.

If the actve guardian wishes to indefinitely suspend tkecation of a job controlles’ task, it
should issue that job controller a Terminate Task request for that task.
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Upon recering a Terminate ask request from the aeoti guardian, the job controller should
perform the following steps:

1. If the job controller is in the vailable or E-stopped administneagi state, the job con-
troller should ignore the request and issue an Adminigr&tatus message to the
requesting guardian. No further action is necessary.

2. If the specified task is anvalid task, issue aefminate &ask response—. No further
action is necessary.

3. If the specified task is not in theafing for Guardian or &used task-state, issueex-T
minate Task response—. No further action is necessary.

4. If the task is in the Paused task-state, do the following:

(a) Switch the task’s management state to Terminating.

(b) If the job controller has subordinateseeuting subtasks in support of this task,
issue Brminate &sk requests to those subordinates aait for Terminate ask
response+.

(c) Abort any subtasks which are executing locally according to internal procedures.

(d) After all subtasks (local and non-local)vieabeen terminated, the task is termi-
nated; switch the task to the Terminated task-state.

(e) Issue a Terminate Task response+.

(H Mark all Executing and Not-¥t-Executing steps in the production plan as Sched-
uled.

(9) Issue a Plan Finished request to the planner.
(h) Issue a Task Status message to the supervisor.
(i) No further action is necessary.
5. If the job controller is at the equipmenvét and the task is in theaNing for Guard-
ian task-state, do the following:
(a) Switch the task’s management state to Terminating.
(b) Continue executing the task until a checkpoint is reached.

(c) Abort the task according to internal procedures and switch the task terthe T
nated task-state.

(d) Issue a Terminate Task response+.
(e) Issue a Plan Finished request to the planner.
(f) Issue a Task Status message to the supervisor.
(9) No further action is necessary.
6. If the job controller has subordinates and the task is in @& for Guardian task-
state, each subtask must be considered individually:
(a) For each subtask which is Deferred, Completedesminated, no action is neces-
sary.
(b) If any subtask is in the Aborted task-state or Aborting task-management-state,

issue a &rminate &ask response—. Continugeeution of the task if possible. No fur-
ther action is necessary.

(c) Switch the task’s management state to Terminating.

(d) For each subtask which is in the Agtitask-state, issue alse ask request (with
parameter as-soon-as-possible) to the subordinate executing that subtask.

(e) If all subordinates do not respond pagty to the Ruse &sk request, then issue a
Terminate &sk response- to the guardian. Issue Reswasle requests to all subordi-
nates who issuedaldse ask responses+. Continueeeution of the task if possible.
No further action is necessary.
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() If all subordinates respond posély to the Ruse &sk requests, then issuee-T
minate Task response+ to the guardian.

(g) After all subordinates who were attempting to pause tasksibaued adsk Sta-
tus message specifying that their tasks anesBd, issue aefminate ask request for
all subtasks which are in thelsed task-state. When all subtaskeehaeen &rmi-
nated, the task is Terminated.

(h) If at ary time a subtask enters an Mpected state, contact the &etguardian with
Task or Subtask Error Occurred.

(i) Mark all Executing and Not-¥t-Executing steps in the production plan as Sched-
uled.

7. Issue a Plan Finished request to the planner.
8. Issue a Task Status message to the supervisor.

9.3 Job Controller Initiated Messages
The job controller initiated messages in the guardian job control interface are:
* Administrative Status
* Notify Task
* Subordinate Problem
» Subtask Error Occurred
» Task Error Occurred
This section describes each of these messages in detail.

9.3.1 Administrative Status

The Administratre Status message iali for both the acte and passe guardian job control
interfaces. It is issued by a job controller to inform a guardianythange in its administrag
status. The Administrate Status message is an unconfirmed message; it has no response. The
parameters are as follows:
Parameters:
administrative-state
planner-job-control-link-status
link-to-supervisor-status
operational-status
list of [
subordinate-job-controller-identifier
administrative-state
link-to-subordinate-status
] (CONDITIONAL)

If a job controller issuing an Administre#i Status message has no subordinates, then the list of
subordinate information will not be specified.

For each established guardian job control connection, a job controller should issue Admmistrati
Status messages each time one of the parameters in its admieistatus changes. If a job
controller does not currently ¥ an established guardian job control connection and it wishes to
issue an Administrate Status message to report an abnormal situation, it should turn on the job
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control watchdog, and after establishing a connection to a guardian, it should issue an
Administrative Status message.

9.3.2 Notify Task

The Notify Task message isiid for both the actie and passe guardian job control intextes. A

Notify Task message is issued by a job controller to a guardian to report the current status of a
task. The Notify sk message is an unconfirmed message; it has no response. The parameters are
as follows:

Parameters:

local-task-identifier
Guardian Task Status Object

For each outstanding task, a job controller should issue Naii Tessages to each guardian
which has set notification for that task each timg parameter of the Guardiaradk Status
Object for that ceenant changes. The detal# used in determining momuch information to
provide in the Guardianask Status Object is that whiclasvspecified by that guardian in its Set
Task Notification request.

9.3.3 Subordinate Problem

The Subordinate Problem messageaidvfor the actre guardian job control intex€e only It is
issued by a job controller to inform the aetguardian that a subordinate xhibiting anomalous
behaior. When the job controller wishes to issue this message to tive gctardian, the job
controller should turn on the job controltghdog. The Subordinate Problem message is an
unconfirmed message; it has no response. The parameters are as follows:

Parameters:

subordinate-job-controller-identifier
error: Error Object

Examples of when a Subordinate Problem messagé&ibe issued include when a subordinate is
not responding to requests, when a subordinate is consistently issuing inappropriate messages, or
when a job controller is unable to establish a connection to its subordinate.

9.3.4 Subtask Error Occurred

The Subtask Error Occurred messagealgvfor the actre guardian job control intexe only It

is issued by a job controller to inform the getguardian that an error has occurred whitéces
one of its subtasks or an error has occurred to one of its subtasks weath & task. Most
subtask errors are generated by ngngi an ungpected status report from a subordinate which
the job controller (and the planner) cannot resolhere are seral messages that the aeti
guardian may issue to reselha subtask errofhey include Abort &sk, Call sk Completed,
Change Subtask Status, Defer Task, Pause Task, Resume Task, and Terminate Task.

When the job controller wishes to issue this message to tive getardian, the job controller
should turn on the job controlatchdog.The Subtask Error Occurred message is an unconfirmed
message; it has no response. The parameters are as follows:

Parameters:

local-task-identifier
local-subtask-identifier
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subordinate-job-controller-identifier
error: Error Object

9.3.5 Task Error Occurred

The Task Error Occurred message #&id for the actre guardian job control intexte only It is

issued by a job controller to inform the aetiguardian that an error has occurred which is either
intimately related to a specific task or whiclfeafs the job controlles’ ability to complete the
execution of a task. In general, all equipmeaitufres will cause a job controller to issueasi

Error Occurred message. Errors specific to a task may also cause a job controller toasgue a T
Error Occurred (e.g., avrkpieces or tools notvailable for current task). There arevesl
messages that the active guardian may issue to resolve a task error. They include Abort Task, Call
Task Completed, Defer Task, Pause Task, Resume Task, and Terminate Task.

When the job controller wishes to issue this message to thve aetardian, the job controller
should turn on the job controlatchdog. The dsk Error Occurred message is an unconfirmed
message; it has no response. The parameters are as follows:

Parameters:

local-task-identifier
error: Error Object
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10

Example Error Recovery Scenario

This section presents araample scenario of task lateness tovelmwv the messages from the
different interces interact. The messages which are used in this scenario are Brea&n@
Covenants Brokn, Replan Late Plan, Replan Late Step, aask Btatus. Figure 11. pides a
pictorial view of the scenario.

Planners Job Controllers
A
10
. 9
(Control Entity A)

8

2,3 4,5 7
. 6

(Control Entity B) 1
1

The numbers, 1 to 10, denote the messages (and their order) that are exchat
between the planners and job controllers of control entities A and B.

Figure 11. Task Late Scenario

The following situation currently exists:

Control Entity B is an equipmentyvel control entity which is supervised by Control
Entity A.

Control Entity As planner had pweously scheduled a ®enant for the operation
‘DrillHole99821" with Control Entity BS planner to bexecuted at August 23, 1993
10:00:00 for 15 minutes.

At August 23, 1993 10:00:00, Control EntitysAob controller issued Control Entity 8’
job controller an Execute Task request for the operation ‘DrillHole99821".

Control Entity B’s job controller has begun executing the task.
The current time is August 23, 1993 10:13:00.

Control Entity B5 job controller re-calculates the estimated-completion-time for the
operation ‘DrillHole99821’ to be August 23, 1993 10:21:00. It realizes that this estimate
exceeds the scheduled-completion-time (August 23, 1993 10:15:00).

Table 15. on pag#08 presents the dialog which occurs among the planners and job controllers of
control entities A and B2

12. R denotes Control Entity’A planner (similarly for g) and JG denotes Control Entity’s job control-
ler (similarly for JG).
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Issuing
Entity

Receiving
Entity

Action

3G

Pg

JGg issues B aReplan Late Plan requegir the operation ‘Drill[Hole99821’
specifying an estimated-completion-time of August 23, 1993 10:21:00.

Ps

Pa

Pg consults BS schedule to determine if this taskiteness will &ct ary subse-
guent operations for the resource. It determines that the operation ‘Drill-
Hole8827 will be affected. issues @reak Covenants requesi Py,
requesting to break the contract for operation ‘DrillHole8827’ in order to co
plete the current task, ‘DrillHole99821".

In_

P, decides to grant permission to break the contract for ‘DrillHole8827’ in ojder

to complete the currently executing ‘DrillHole99821’ because it is easier to
reschedule an operation than terminate an executing operation and resum
some future time. Pissues &Break Covenants responeR; granting permis-

sion.

it at

Because Pgave g permission to break the contract for ‘DrillHole88275 P
issues &ovenants Broken requést Py, specifying the covenant for operation
‘DrillHole8827".

P, issues &ovenants Broken responieRs. It then attempts to reschedule th
operation for another time, and possibly with another subordinate.

Bt

G

Pg, upon receiing theCovenants Boken responsdrom By, will remove the co-
enant and production plan associated with operation ‘DrillHole8827". It will

extend the scheduled-completion-time for ‘DrillHole99821’ to the estimateck

completion-time preided by JG (August 23, 1993 10:21:00) and issueeplan
Late Plan responsewith action ‘Resume’ to J&

3G

JCa

After receiving theReplan Late Plan responsdrom B, JG; will issue aTask
Statusmessage to JC specifying the estimated-completion-time for the task]

3Gy

After receiving theTask Statusnessage from J JC, determines that the new

estimated-completion-time for the step ‘DrillHole99821’ in its production plgn

‘MakeWidget3820’ conflicts with the scheduled-start-time for the subseque
step in that production plan, ‘DeliverToDeburrl022’,J@ll issue aReplan
Late Step requesd B, specifying the production plan ‘MakeWidget3820’ an
the step ‘DrillHole99821".

it
P

ICy

PA will attempt to reschedule the steps in the production plan ‘MakeWid-

get3820’, starting with the step following ‘DrillHole99821". It will reschedul¢

each step, in turn, until a step is reached whose scheduled-completion-tim
not overlap with the scheduled-start-time of the subsequent steps. After co
ing this, R issues a Replan Late Step response+ with action ‘Resumeaio J

does
plet-

N
L

10

JIG

JCA's
supervisor

After receving theReplan Late Stesponse-rom By, JG, will continue mon-
itoring its subtask ‘DrillHole99821". It will issue Bask Statusnessage to the
supervisor.

Table 15. Task Late Scenario
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11  Summary

This specification is the second iteration defining the control entityactsffor a control entity
conforming to the MSI architecture.

11.1 Issues Addressed

As currently specified, this specification supports finite capacity scheduling and rescheduling,
task execution and monitoring, human monitoring and ineation at all lgels of control within a

shop, error detection and limited error reexy. This specification is sfifient to support recery

from errors which require rescheduling only (lateness and repeatable tasks).

11.2 Issues Remaining

This specification needs to betended to support recery that ivolves dynamically re-
allocating resources, dynamic material handling, and eventually dynamic process planning.
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12 Glossary

acceptance-code: an igtal value denoting acceptance or an epode. See Section 4.4 on
page 25.

Acceptance Object: see Section 4.4 on page 25.
acceptance-text: a textual description of an acceptance code.

action: an instruction which a planner may issue to a job controller to eeaaleplanning
error or anomaly.

administratve-state: the current state of a planner (see Section 5.2 oR2§agejob controller
(see Section 6.1 on page 42).

All-Bids: a value which denotes all eenants which are currently in the Pre-Bidding, Bidding,
Bidden, Breaking Bid, or Accepting covenant-state.

All-Contracts: a alue which denotes all eenants which are currently in the Contracted, Break-
ing Contract, or Executing covenant-state.

All-Covenants: a @lue which denotes all eenants which are currently in the Pre-Bidding, Bid-
ding, Bidden, Breaking Bid, Remimg Covenant, Accepting, Contracted, or
Breaking Contract or Executing covenant-state.

All-Tasks: a value which denotes all outstanding tasks.

as-soon-as-possible: a value which denotes ‘as soon as possible’.

completion-time: an absolute time which is used to specify the end of a time interval.
Covenant Name Object: see Section 8.1.2 on page 74.

Covenant Status Object: see Section 5.4 on page 30.

covenant-state: see Section 5.3 on page 29.

desired-pausing-duration: a time duration which specifies the maximum time a supervisor job
controller or a guardian wishes t@iwfor a set of tasks to reach theuBed task-
state.

detail-level: a parameter which indicates the desiredllef detail to be reported in avgh mes-
sage. Detail-leel is used in the guardian planning and guardian job control inter-
face for administrate status reporting, genant status reporting and task status
reporting.

earliest-start-time: an absolute time which indicates the earliest acceptable time at which an oper-
ation may be begun.

error-code:  an integral value denoting an error condition. See Section 4.3 on page 24.
Error Object: see Section 4.3 on page 24.
error-text: a textual description of an error-code.

estimated-completion-time: an absolute time which specifies a job contreltirnate of when a
task will complete execution.
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estimated-pausing-duration: a time duration which specifies a job congra@ktimate of ho
much time is needed for a set of tasks to reach the Paused task-state.

estimated-remaining-duration: a time duration which specifies a job cong@ttimate of ho
much time is needed to complete the execution of a task.

expected-paused-duration: a time duration which specifiesrhiach time a supervisor job con-
troller or a guardian expects a set of tasks to remain in the Paused task-state.

global-plan-reference: an operator-understandable globally unique identifier for a plan.
global-step-reference: an operator-understandable globally unique identifier for a step in a plan.

Guardian Administratie Status Object: see Section 8.1.1 on pagend Section 9.1.1 on
page 89.

Guardian Covenant Status Object: see Section 8.1.5 on page 75.
Guardian Task Status Object: see Section on page 90.

late: a boolean parameter which indicates whethevengasks execution is gpected to com-
plete later than its scheduled-completion-timeuél indicates that the task is
expected to be late;afse’ indicates that the taské&ecution is gpected to com-
plete early or on-time.

latest-completion-time: an absolute time which indicates the latest acceptable time for an opera-
tion to be completed.

level: a parameter which denotes at whaelevithin the control hierargha gven planner or job
controller exists. Possible values are equipment, workcell and shop.

link-to-subordinate-status: a parameter which indicates the status of a logical connection between
either a job controller and one of its subordinates or a planner and one of its subor-
dinates. Possiblealues are unconnected, listening, connecting, connected, and
disconnecting.

link-to-supervisosstatus: a parameter which indicates the status of a logical connection between
either a job controller and the supervisor or a planner and the supePassible
values are unconnected, listening, connecting, connected and disconnecting.

local-covenant-identifier: a unique identifier for avemant which is specified by and meaningful
to the planner responsible for planning the covenant.

local-subceenant-identifier: a unique identifier for a subeeant which is specified by and
meaningful to the planner responsible for planning thverant of which the sub-
covenant is a component.

local-subtask-identifier: a unique identifier for a subtask which is specified by and meaningful to
the job controller responsible foxexuting the task of which the subtask is a com-
ponent.

local-task-identifier: a unique identifier for a task which is specified by and meaningful to the job
controller responsible for executing the task.

make: a parameter used in the Identify message which indicates theataneif of a planner or
job controller software.
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model: a parameter used in the Identify message which indicates the model type of a planner or
job controller software.

operational-statugendorspecific information detailing status information about a job controller
(e.g., coolant-level, joint-position, spindle-position).

parameter-name: the name of a plan parameter (input or output).
parameter-value: the value of a plan parameter (input or output).

plan-identifier: an attrilte of a plan, which along with plamssion and plan-location uniquely
identifies a plan.

Plan Identifier Object:see Section 4.1 on page 24.

plan-location:an attrilute of a plan which specifies where a plan is located. Along with plan-
identifier and plan-version, it uniquely identifies a plan.

Plan Parameter Object: see Section 4.2 on page 24.
plan-state: see Section 3.1 on page 21.

plan-\version: an attribte of a plan, which along with plan-identifier and plan-location uniquely
identifies a plan.

plannefjob-control-link-status: a parameter which indicates the status of a logical connection
between a job controller and a planrfeossible &lues are unconnected, listening,
connecting, connected and disconnecting.

planning-stratgy: a parameter which denotes an algorithm which a planner may use to schedule a
covenant (see Section 5.1.1 on page 26).

priority: a parameter which specifies the refatimportance of a eenant to the shop’commit-
ments. It is used in some planning-stg&s to determine whichxisting cove-
nants may be modified in order to accommodate a new covenant.

scheduled-completion-time: an absolute time which specifies a plarestifnate of when a
tasks or subtask’ execution should complete. It may also specify the time at
which a resource is no longer available to perform a specified task or subtask.

scheduled-start-time: an absolute time which specifies a plargsimate of when a taskor
subtasks execution should kgn. It may also specify the time at which a resource
becomes available to perform a specified task or subtask.

start-time: an absolute time which is used to specify tgebig of a time interal. Used in the
Clear Schedule guardian planning message.

step-identifier: a unique identifier for a step within a plan.
subcovenant-state: the current state of a subcovenant. See Section 5.3 on page 29.
Subcovenant Status Object: see Section 8.1.4 on page 75.

subordinate-czenant-identifier: a unique identifier for a plansartvenant which is specified by
and meaningful to the planner responsible for scheduling the covenant.

subordinate-job-controller-identifier: a unique identifier for a subordinate job controller.
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subordinate-planner-identifier: a unique identifier for a subordinate planner.

subordinate-sube@nant-identifier: a unique identifier for a plansesibceenant which is spec-
ified by and meaningful to that planner’s subordinate.

subordinate-subtask-identifier: a unique identifier for a job cont®ketitask which is specified
by and meaningful to that job controller’s subordinate.

subordinate-task-identifier: a unique identifier for a job contrell&sk which is specified and
meaningful to the job controller responsible for executing the task.

subtask-management-state: the current management state of a subtask. See Section 6.2 on
page 42).

subtask-state: the current state of a subtask. See Section 6.2 on page 42.
Subtask Status Object: see Section 9.1.4 on page 90.

supervisoicovenant-identifier: a unique identifier for a planeertvenant which is specified by
and meaningful to the supervisor of the planner responsible for schedulingthe co
enant.

supervisormanugcturing-unit-identifier: an identifier for a logical unit which represents the
workpieces on which to perform a specified operation.

supervisoittask-identifier: a unique identifier for a job controbetask which is specified by and
meaningful to the supervisor of the job controller responsible Xecwging the
task.

Task Name Object: see Section 9.1.2 on page 89.

Task Status Object: see Section 6.3 on page 44.

task-management-state: the current management state of a task. See Section 6.2 on page 42.
task-state: the current state of a task. See Section 6.2 on page 42.

terminated-flag: a boolean parameter specified in a Request for Bid request which denotes
whether the specified plan is a production-managed plan to be scheduled, or a par-
tially executed production plan which should be rescheduled.

version: a parameter used in the Identify message which denotesslon\of the planner or job
controller software.

work-element-identifier: a unique identifier for an operation which a job controller innatelg kno
how to perform. In general, only equipment job controller’s have work-elements.
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