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IEEE Standards documents are developed within the Technical Committees of the
IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Board. Members of the committees serve voluntarily and without compensation.
They are not necessarily members of the Institute. The standards developed
within IEEE represent a consensus of the broad expertise on the subject within the
Institute as well as those activities outside of IEEE that have expressed an interest
in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard
does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Stan-
dard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of
the art and comments received from users of the standard. Every IEEE Standard is
subjected to review at least every five years for revision or reaffirmation. When a
document is more than five years old and has not been reaffirmed, it is reasonable
to conclude that its contents, although still of some value, do not wholly reflect the
present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party,
regardless of membership affiliation with IEEE. Suggestions for changes in docu-
ments should be in the form of a proposed change of text, together with appropriate
supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of por-
tions of standards as they relate to specific applications. When the need for
interpretations is brought to the attention of the IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a con-
sensus of all concerned interests, it is important to ensure that any interpretation
has also received the concurrence of a balance of interests. For this reason, the
IEEE and the members of its technical committees are not able to provide an
instant response to interpretation requests except in those cases where the matter
has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
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IEEE Standards documents are adopted by the Institute of Electrical and Elec-
tronics Engineers without regard to whether their adoption may involve
patents on articles, materials, or processes. Such adoption does not assume
any liability to any patent owner, nor does it assume any obligation whatever to
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Introduction

(This introduction is not a normative part of IEEE Std 1003.2d-1994, IEEE Standard for Information 
Technology — Portable Operating System Interface (POSIX) — Part 2: Shell and Utilities — Amend-
ment 1: Batch Environment, but is included for information only.)

The purpose of this amendment is to define a standard batch and general queuing 
extension to ‘‘POSIX.2’’ (the base standard). This definition is based on the Net-work 
Queuing System (NQS), which is in use among many large UNIX system sites. This 
is intended for systems implementors and applications software developers.

Within this document, the term ‘‘POSIX.2d’’ refers to this amendment itself.

Organization of the Amendment

This amendment is divided into three normative sections, one normative annex, and 
five informative annexes:

— Statement of scope and list of conforming implementation options
(Section 1)

— Definitions and abbreviations (Section 2)

— Batch processing concepts, batch server capabilities and behavior, and the
user interface (Section 8)

— C-Language Bindings Option (Annex B)

— Bibliography (Annex D)

— Rationale and Notes (Annex E)

— Portability Considerations (Annex F)

— External Dependencies (Annex I)
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Related Standards Activities

Activities to extend the POSIX family of standards to address additional require-
ments are in progress, and similar efforts can be anticipated in the future.

The following areas are under active consideration at this time or are expected to
become active in the near future:1)

(1) Language-independent service descriptions of POSIX.1 {8}

(2) C, Ada, and FORTRAN language bindings to (1)

(3) Verification testing methods

(4) Realtime facilities

(5) Secure/trusted system considerations

(6) Network interface facilities

(7) System administration

(8) Graphical user interfaces

(9) Profiles describing application- or user-specific combinations of open sys-
tems standards for supercomputing, multiprocessor, and batch exten-
sions; transaction processing; realtime systems; and multiuser systems
based on historical models

(10) An overall guide to POSIX-based or related open systems standards and
profiles

Extensions are approved as ‘‘amendments’’ or ‘‘revisions’’ to this document, follow-
ing the IEEE and ISO/IEC Procedures.

Approved amendments are published separately until the full document is
reprinted and such amendments are incorporated in their proper positions.

If you have an interest in participating in the PASC working groups addressing
these issues, please send your name, address, and phone number to the Secretary,
IEEE Standards Board, Institute of Electrical and Electronics Engineers, Inc.,
P.O. Box 1331, 445 Hoes Lane, Piscataway, NJ 08855-1331, USA, and ask to have
it forwarded to the chair of the appropriate PASC working group. If you have an
interest in participating in this work at the international level, contact your
ISO/IEC national body.

hhhhhhhhhhhhhhhh
1) A Standards Status Report that lists all current IEEE Computer Society standards projects is

available from the IEEE Computer Society, 1730 Massachusetts Avenue, NW, Washington, DC
20036-1903, USA; Telephone: +1 202 371-0101; FAX: +1 202 728-9614.
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IEEE Standard for Information Technology
— Portable Operating System Interface
(POSIX) — Part 2: Shell and Utilities —
Amendment 1: Batch Environment

Section 1: General

1.1 Scope

⇒⇒ 1.1 Scope. Add the following text in the proper hierarchical sequence:

1.1.1 Scope of the Batch Environment Option

When the Batch Environment Option is included, the amended standard has
additional scope. The list of utilities and features is extended to provide users a
common method to submit work for deferred processing. This specification
represents an amendment for distributed batch environments. The amendment is
intended to support application and user portability and system interoperability
in heterogeneous environments. Distributed batch environments include tradi-
tional batch processing and other generic queue processes.

NOTE: The Batch Environment Option will be developed as a series of amendments. Each amend-
ment will describe a part of the batch queuing environment and the user of program interface to that
portion. The parts of the batch queuing environment are batch servers, user utilities, administrator
utilities, library interface, and data stream encoding.

The first of the Batch Environment Option amendments provides a definition of
application environments and a user utility interface, and it creates a framework
for an extensible network protocol.

1.1 Scope 1
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This amendment is comprised of the following major components:

(1) Terminology, concepts, definitions, and specifications that govern struc-
tures, headers, environment variables, and related requirements

(2) Description of application environments

(3) Description of batch services

(4) Description of user utility interfaces

(5) Rationale and external requirements

The following services are outside the scope of this amendment:

— Security

— Directory services

— File transfer

— User notification

— Network administration

— User name mapping

— Authentication

The following issues will be addressed in the future:

— Description of network protocol including data stream encoding

— Description of system administrative utility interface

— Programmatic interface

— Resource control

— Networked resource management

1.3 Conformance

⇒⇒ 1.3.1.3 Conforming Implementation Options. Add the following symbolic
constants to the list in alphabetic order:

{POSIX2_PBS} The system supports the Batch Environment Option (see
Section 8).

NOTE: The Batch Environment Option is a combination of mandatory
and optional services and utilities. The {POSIX_PBS} symbolic constant
implies the system supports all the mandatory services and utilities.

{POSIX2_PBS_ACCOUNTING}
The batch server supports the accounting capability
described in this amendment (see 8.2.2.1.1).
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PART 2: SHELL AND UTILITIES — AMENDMENT 1: BATCH ENVIRONMENT IEEE Std 1003.2d-1994

{POSIX2_PBS_CHECKPOINT}
The batch server supports the checkpoint/restart capability
described in this amendment (see 8.2.2.1.2).

{POSIX2_PBS_LOCATE}
The batch server supports the Locate Job Request
described in this amendment (see 8.2.3.5).

{POSIX2_PBS_MESSAGE}
The batch server supports the Job Message Request
described in this amendment (see 8.2.3.3).

{POSIX2_PBS_TRACK}
The batch server supports the Track Job Request described
in this amendment (see 8.2.3.16).

1.3 Conformance 3
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Section 2: Terminology and General Requirements

2.1 Conventions

⇒⇒ 2.1.1 Editorial Conventions. Add the following table entry to Table 2-1 in
alphabetic order:

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
Reference Exampleiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Batch Environment Option Attribute Account_Nameiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicc
c
c

cc
c
c

cc
c
c

2.2 Definitions

⇒⇒ 2.2.2 General Terms. Add the following definitions in alphabetic order
(disregarding the subclause numbers shown here):

2.2.2.195 access list: A list of user IDs and group IDs of those users and groups
authorized to place jobs in a queue.

An access list is associated with a queue. A batch server uses the access list of a
queue as one of the criteria in deciding to put a job in a queue.

2.2.2.196 authentication: The process of validating a user or process to verify
that the user or process is not a counterfeit.

2.2.2.197 authorization: The process of verifying that a user or process has
permission to use a resource in the manner requested.

To assure security, the user or process would also need to be authenticated before
granting access.

2.2.2.198 batch administrator: A person who is authorized to use all restricted
batch services.

2.2 Definitions 5
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2.2.2.199 batch client [client]: A computational entity that utilizes batch ser-
vices by making requests of batch servers.

Batch clients often provide the means by which users access batch services,
although a batch server may act as a batch client by virtue of making requests of
another batch server.

In this amendment, the term client, unless otherwise qualified, denotes a batch
client.

2.2.2.200 batch job [job]: A set of computational tasks for a computing system.

Batch jobs are managed by batch servers.

Once created, a batch job may be executing or pending execution. A batch job that
is executing has an associated session leader (a process) that initiates and moni-
tors the computational tasks of the job.

In this amendment, the term job, unless otherwise qualified, denotes a batch job.

2.2.2.201 batch job attribute [job attribute]: A named data type whose value
affects the processing of a batch job.

The values of the attributes of a batch job affect the processing of that job by the
batch server that manages the job.

The attributes defined for a batch job are called the batch job attributes.

In this amendment, the term job attribute, unless otherwise qualified, denotes
batch job attribute.

2.2.2.202 batch node [node]: A host containing part or all of a batch system.

A batch node is a host meeting at least one of the following conditions:

— Is capable of executing a batch client

— Contains a routing queue

— Contains an execution queue

In this amendment, the term node, unless otherwise qualified, denotes a batch
node.

2.2.2.203 batch operator [operator]: A person who is authorized to use some,
but not all, restricted batch services.

In this amendment, the term operator, unless otherwise qualified, denotes a batch
operator.

2.2.2.204 batch queue [queue]: A manageable object that represents a set of
batch jobs and is managed by a single batch server.

NOTE: Each batch job managed by a batch server is a member of a single batch queue managed by
that server.
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Such a set of batch jobs is called a queue largely for historical reasons. Jobs are selected from the
queue for execution based on attributes such as priority, resource requirements, and hold conditions.

Two types of batch queues are described in this amendment: routing queues and execution queues.

In this amendment, the term queue, unless otherwise qualified, denotes a batch queue.

2.2.2.205 batch queue attribute [queue attribute]: A named data type
whose value affects the processing of all jobs that are members of the queue.

A batch queue has attributes that affect the processing of jobs that are members
of the queue.

The attributes defined for a batch queue are called the batch queue attributes.

In this amendment, the term queue attribute, unless otherwise qualified, denotes
batch queue attribute.

2.2.2.206 batch server [server]: A computational entity that provides batch
services.

In this amendment, the term server, unless otherwise qualified, denotes a batch
server.

2.2.2.207 batch server name: A string that identifies a specific server in a
network.

A string of characters in the portable character set (see 2.4) used to specify a par-
ticular server in a network.

2.2.2.208 batch service: Computational and organizational services performed
by a batch system on behalf of batch jobs.

Batch services are of two types: requested and deferred. See Table 8-4.

2.2.2.209 batch system [system]: A collection of one or more batch servers.

In this amendment, the term system, unless otherwise qualified, denotes a batch
system.

2.2.2.210 batch user: A person who is authorized to make use of batch services.

2.2.2.211 deferred batch service: A service that is performed as a result of
events that are asynchronous with respect to requests.

NOTE: Once a batch job has been created, it is subject to deferred services.

2.2.2.212 destination: The batch server in a batch system to which a batch job
should be sent for processing.

Acceptance of a job at a destination is the responsibility of a receiving batch
server. A destination may consist of a batch server specific portion, a network
wide portion, or both. The batch server specific portion is referred to as the
queue. The network wide portion is referred to as a batch server name.
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2.2.2.213 destination identifier: A string that identifies a specific destination.

A string of characters in the portable character set (see 2.4) used to specify a par-
ticular destination.

2.2.2.214 directive: A line from a file that is interpreted by the batch server.

The line is usually in the form of a comment and is an additional means of pass-
ing options to the qqssuubb utility. See 8.14.7.2.

2.2.2.215 job identifier: A unique name for a job.

A name that is unique among all other job identifiers in a batch system and that
identifies the server to which the job was originally submitted.

2.2.2.216 job name: A label that is an attribute of a job.

The job name is not necessarily unique.

2.2.2.217 job owner: The username@hostname of the user submitting the job,
where username is a user name defined by Section 2.2.2.88 of POSIX.1 {8} and
hostname is a network host name (2.2.2.223).

2.2.2.218 job priority: An attribute used in selecting a job for execution.

A value specified by the user that may be used by an implementation to deter-
mine the order in which jobs will be selected to be executed. Job priority has a
numeric value in the range −1024 to 1023.

NOTE: The job priority is not the execution priority (nice value) of the job.

2.2.2.219 job state: An attribute of a batch job.

The state of a job determines the types of requests that the batch server that
manages the job can accept for the job. Valid states include QQUUEEUUEEDD, RRUUNNNNIINNGG,
HHEELLDD, WWAAIITTIINNGG, EEXXIITTIINNGG, and TTRRAANNSSIITTIINNGG.

2.2.2.220 name service: A service that assigns names that are unique within
the name space, and that can translate a unique name into the location of the
named entity.

2.2.2.221 name space: The environment within which a name is known to be
unique.

2.2.2.222 network: A collection of interconnected hosts.

The term network in this document is used to refer to the network of hosts. The
batch system is used to refer to the network of batch servers.
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2.2.2.223 network host name: A string of characters in the portable character
set (see 2.4) that identifies a specific host in a network.

2.2.2.224 network pathname: The pathname of a file that includes the name of
the host on which it resides.

This amendment allows two syntaxes for a network pathname:

pathname@hostname
hostname::pathname

2.2.2.225 queue position: The place a job occupies in a queue.

This place is relative to other jobs in the queue and defined in part by submission
time and its priority (see job priority 2.2.2.218).

2.2.2.226 queue priority: The maximum job priority allowed for any job in a
given queue.

The queue priority is set and may be changed by users with appropriate privilege.
The priority shall be bounded in an implementation-defined manner.

2.2.2.227 requested batch service: A service that is either rejected or per-
formed prior to a response from the service to the requester.

2.2.2.228 rerunability: An attribute of a batch job.

If a batch job may be rerun from the beginning after an abnormal termination
without affecting the validity of the results, the job is said to be rerunable.

2.2.2.229 restart: Resume the processing of a job from the point of the last
checkpoint.

Typically, this is done if the job has been interrupted because of a system failure.

2.2.2.230 service request: A solicitation of services from a client to a server.

A service request may entail the exchange of any number of messages between
the client and the server.

In this amendment, the term request denotes a service request. When naming
specific types of requests, the term request is qualified by the type of request, as in
Queue Job Request and Delete Job Request.

2.2.2.231 target user: The name of a user on the destination batch server.

The target user is the user_name under whose account the job is to execute on the
destination batch server.

2.2.2.232 submission: The process by which a client requests that a batch
server create a job via a Queue Job Request to perform a specified computational
task.

2.2 Definitions 9

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 04:23:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1003.2d-1994

http://www.avadocuments.com/doc/ieee-1003-2d-1994
http://www.avadocuments.com/doc/ieee-1003-2d-1994


IEEE Std 1003.2d-1994

⇒⇒ 2.2.3 Abbreviations. Add the following abbreviations in alphabetic order
(disregarding the subclause numbers shown here):

2.2.3.10 BE: Batch environment, as defined in Section 8.

2.2.3.11 PBS: An abbreviation for POSIX batch system that is used in environ-
ment variable names to associate those variables with the batch environment.

⇒⇒ 2.13.2 Symbolic Constants for Portability Specifications. Add the fol-
lowing constants in alphabetic order to Table 2-19. Add the informative note
after the table.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
Name Descriptioniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

{POSIX2_PBS} The system supports the Batch Environment Option
(see Section 8).

{POSIX2_PBS_ACCOUNTING} The batch server supports the Job Accounting Option
(see 8.2.2.1.1).

{POSIX2_PBS_CHECKPOINT} The batch server supports the Checkpoint/Restart Option
(see 8.2.2.1.2).

{POSIX2_PBS_LOCATE} The batch server supports the Locate Job Request Option
(see 8.2.3.5).

{POSIX2_PBS_MESSAGE} The batch server supports the Job Message Request Option
(see 8.2.3.3).

{POSIX2_PBS_TRACK} The batch server supports the Track Job Request Option
(see 8.2.3.16).iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicc

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

NOTE: The Batch Environment Option is a combination of mandatory and optional services and
utilities. The {POSIX_PBS} symbolic constant implies the system supports all the mandatory ser-
vices and utilities.
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Section 8: Batch Environment Option Services and Utilities

This section describes the services and utilities that shall be implemented on all
systems that claim conformance to the Batch Environment Option.

8.1 General Concepts

8.1.1 Client-Server Interaction

Batch jobs are created and managed by batch servers. A batch client interacts
with a batch server to access batch services on behalf of the user. In order to use
batch services, a user must have access to a batch client.

A batch server is a computational entity, such as a daemon process, that provides
batch services. Batch servers route, queue, modify, and execute batch jobs on
behalf of batch clients.

The user utilities described in clauses 8.3 through 8.14 of this amendment are
clients of batch services; they allow users to perform actions on the job such as
creating, modifying, and deleting batch jobs from a shell command line. Although
user utilities may be said to accomplish certain services, they actually obtain ser-
vices on behalf of a user by means of requests to batch servers.

Client-server interaction takes place by means of the requests defined in this
amendment. Because direct access to jobs and queues is limited to servers,
clients and servers of different implementations can interoperate, since dependen-
cies on private structures for jobs and queues are limited to servers. Also, batch
servers may be clients of other batch servers.

8.1.2 Queues

Two types of batch queues are described in this amendment: routing queues and
execution queues.

When a job is placed in a routing queue, it is a candidate for routing.

A job is removed from routing queues under the following conditions:

— The job has been routed to another queue.

— The job has been deleted from the queue.

— The job has been aborted.
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When a job is placed in an execution queue, it is a candidate for execution.

A job is removed from an execution queue under the following conditions:

— The job has been executed and exited.

— The job has been aborted.

— The job has been deleted from the queue.

— The job has been moved to another queue.

Access to a queue is limited to the server that manages the queue. Clients never
access a queue or a job directly, either to read or write information; all client
access to queues or jobs takes place through batch servers.

8.1.3 Job Creation

When a batch server creates a batch job on behalf of a client, it assigns a job
identifier to the job. A job identifier consists of both a sequence number that is
unique among the sequence numbers issued by that server and the name of the
server. Since the server name is unique within a name space, the job identifier is
likewise unique within the name space.

The batch server that creates a job returns the server-assigned job identifier to
the client that requested the job creation. If the server routes or moves the job to
another server, it sends the job identifier with the job. Once assigned, the job
identifier of a job never changes.

8.1.4 Job Tracking

Since a job may be moved after creation, the server-name component of the job
identifier does not always indicate the location of the job.

An implementation may provide a job tracking mechanism, in which case the user
generally does not need to know the location of the job. However, an implementa-
tion is not required to provide a job tracking mechanism, in which case the user
must find routed jobs by probing the possible destinations.

8.1.5 Job Routing

To route a job, a batch server either moves the job to some other queue that is
managed by the server, or requests that some other batch server accept the job.

Each routing queue has one or more queues to which it can route jobs. The batch
server administrator creates routing queues.

A batch server may route a job from a routing queue to another routing queue.
Servers shall prevent or otherwise handle cases of circular routing paths.

As a deferred service, a batch server routes jobs from the routing queues that it
manages. The algorithm by which a batch server selects a queue to which to
route a job is implementation defined.
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A batch job need not be eligible for routing to all the queues fed by the routing
queue from which it is routed. A batch server that has been asked to accept the
job may reject the request if the job requires resources that are unavailable to
that batch server, or if the client is not authorized to access the server.

Servers may route high-priority jobs before low-priority jobs, but, on other than
overloaded systems, the effect may be imperceptible to the user.

If all the servers fed by a routing queue reject requests to accept the job for rea-
sons that are permanent, the batch server that manages the job aborts the job. If
all or some rejections are temporary, the server should try to route the job again
at some later point.

The conformance document for an implementation shall list the reasons for reject-
ing the routing of a job. The conformance document shall indicate the reasons for
which the routing should be retried later and the reasons for which the job should
be aborted.

8.1.6 Job Execution

To execute a job is to create a session leader (a process) that runs the shell pro-
gram indicated by the Shell_Path attribute of the job. The script is passed to the
program as its standard input. An implementation of the server may pass the
script to the program by other means. The implementation shall document the
alternate means in the conformance document. At the time a job begins execu-
tion, it is defined to enter the RRUUNNNNIINNGG state. The primary program that is exe-
cuted by a job is typically, though not necessarily, a shell program.

A batch server executes eligible jobs as a deferred service—no client request is
necessary once the job is created and eligible. However, the attributes of a job,
such as the job hold type, may render the job ineligible. A batch server scans the
execution queues that it manages for jobs that are eligible for execution. The
algorithm by which the batch server selects eligible jobs for execution is imple-
mentation defined.

As part of creating the process for the job, the batch server opens the standard
output and standard error streams of the session.

The attributes of a job may indicate that the server that executes the job is to
send mail to a list of users at the time it begins execution of the job.

8.1.7 Job Exit

When the session leader of an executing job terminates, the job exits. As part of
exiting a job, the server that manages the job shall remove the job from the queue
in which it resides. The server shall transfer output files of the job to a location
described by the attributes of the job.

The attributes of a job may indicate that the server that manages the job should
send mail to a list of users at the time the job exits.
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8.1.8 Job Abort

A batch server aborts jobs for which a required deferred service cannot be
performed.

The attributes of a job may indicate that the server that aborts the job shall send
mail to a list of users at the time it aborts the job.

8.1.9 Job States

A batch job is always in one of several states: QQUUEEUUEEDD, RRUUNNNNIINNGG, HHEELLDD, WWAAIITTIINNGG,
EEXXIITTIINNGG, or TTRRAANNSSIITTIINNGG. The state of a job determines the types of requests that
the batch server that manages the job can accept for the job. A batch server
changes the state of a job either in response to service requests from clients or as
a result of deferred services such as job execution or job routing.

A job that is in the QQUUEEUUEEDD state resides in a queue, but is still pending either exe-
cution or routing, depending on the queue type.

A job that resides in an execution queue and is executing is defined to be in the
RRUUNNNNIINNGG state. While a job is in the RRUUNNNNIINNGG state, a session leader is associated
with the job.

A job that resides in an execution queue, but is ineligible to run because of a hold
attribute, is defined to be in the HHEELLDD state.

A job that is not held, but which must wait until a future date and time before
executing, is defined to be in the WWAAIITTIINNGG state.

A job for which the session leader has terminated is defined to be in the EEXXIITTIINNGG
state, and the batch server that manages such a job cannot accept job-
modification requests that affect the job. While a job is in the EEXXIITTIINNGG state, the
batch server that manages the job is staging output files and notifying clients of
job completion. Once a job has exited, it no longer exists as an object managed by
a batch server.

A job that is being moved from a routing queue to another queue is defined to be
in the TTRRAANNSSIITTIINNGG state.

8.1.10 Authorization

In order to access batch services, a user must have execute access to a batch
client. For example, to use the command language interface defined in this sec-
tion, the user must be able to execute the programs that embody those utilities.

Clients, such as the utilities in this section, access batch services by means of
requests to one or more batch servers. To acquire the services of any given batch
server, the user identifier under which the client runs must be authorized to use
that batch server.

The user with an associated user name that creates a job owns the job and can
perform actions on the job such as read, modify, delete, and move the job.
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A user identifier of the same value at a different host need not be the same user.
For example, user name ‘‘smith’’ at host alpha may or may not represent the same
person as user name ‘‘smith’’ at host beta. Likewise, the same person may have
access to different user names on different hosts.

An implementation may optionally provide an authorization mechanism that per-
mits one user name to access jobs under another user name.

A process on a client host may be authorized to run processes under multiple user
names at a server host. Where appropriate, the utilities defined in this amend-
ment provide a means for a user to choose from among such user names when
creating or modifying a job.

8.1.11 Batch Administration

The processing of a job by a server is affected by the attributes of the job. The
processing of a job may also be affected by the attributes of the queue in which the
job resides and by the status of the batch server that manages the job.

A batch administrator is a user that is authorized to modify all the attributes of
queues and jobs and to change the status of a server. A batch operator is a user
that is authorized to modify some, but not all, of the attributes of jobs and queues,
and may change the status of the server.

8.1.12 Notification

Whereas batch servers are persistent entities, clients are often transient. For
example, the qqssuubb utility creates a batch job and exits. For this reason, batch
servers notify users of batch job events by sending mail to the user that owns the
job, or to other designated users.

8.2 Batch Services

The presence of Batch Environment Option services is indicated by the
configuration variable {POSIX2_PBS}. A conforming batch server provides services
as defined in this section.

A batch server provides batch services in two ways:

— The server provides a service at the request of a client.

— The server provides a deferred service as a result of a change in conditions
monitored by the server.

If a server cannot complete a request, it rejects the request. If a server cannot
complete a deferred service for a job, the server aborts the job.

Table 8-1 is a summary of environment variables that shall be supported by an
implementation of the batch server and utilities.
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Table 8-1 −− Environment Variable Summary
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Variable Descriptioniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
PBS_DPREFIX Defines the directive prefix (see 8.14.3)
PBS_ENVIRONMENT Job is batch or interactive (see 8.2.2.1)
PBS_JOBID Job_identifier attribute of job (see 8.2.3.8)
PBS_JOBNAME Job_name attribute of job (see 8.2.3.8)
PBS_O_HOME Defines the HOME of the client (see 8.14.2)
PBS_O_HOST Defines the host name of the client (see 8.14.2)
PBS_O_LANG Defines the LANG of the client (see 8.14.2)
PBS_O_LOGNAME Defines the LOGNAME of the client (see 8.14.2)
PBS_O_MAIL Defines the MAIL of the client (see 8.14.2)
PBS_O_PATH Defines the PATH of the client (see 8.14.2)
PBS_O_QUEUE Defines the submit queue of the client (see 8.14.2)
PBS_O_SHELL Defines the SHELL of the client (see 8.14.2)
PBS_O_TZ Defines the TZ of the client (see 8.14.2)
PBS_O_WORKDIR Defines the working directory of the client (see 8.14.2)
PBS_QUEUE Defines the initial execution queue (see 8.2.2.1)iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiic
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8.2.1 Job States

A batch job is always in one of several states: QQUUEEUUEEDD, RRUUNNNNIINNGG, HHEELLDD, WWAAIITTIINNGG,
EEXXIITTIINNGG, or TTRRAANNSSIITTIINNGG. The state of a job determines the types of requests that
the batch server that manages the job can accept for the job. A batch server
changes the state of a job either in response to service requests from clients or as
a result of deferred services such as job execution or job routing.

A job that is in the QQUUEEUUEEDD state resides in a queue but is still pending either exe-
cution or routing, depending on the queue type.

A batch server that queues a job in a routing queue shall put the job in the
QQUUEEUUEEDD state. A batch server that puts a job in an execution queue, but has not
yet executed the job, shall put the job in the QQUUEEUUEEDD state.

A job that resides in an execution queue and is executing is defined to be in the
RRUUNNNNIINNGG state. While a job is in the RRUUNNNNIINNGG state, a session leader is associated
with the job.

A job that resides in an execution queue, but is ineligible to run because of a hold
attribute, is defined to be in the HHEELLDD state.

A job that is not held, but must wait until a future date and time before execut-
ing, is defined to be in the WWAAIITTIINNGG state.

When the session leader associated with a running job exits, the job shall be
placed in the EEXXIITTIINNGG state.

A job for which the session leader has terminated is defined to be in the EEXXIITTIINNGG
state, and the batch server that manages such a job cannot accept job-
modification requests that affect the job. While a job is in the EEXXIITTIINNGG state, the
batch server that manages the job is staging output files and notifying clients of
job completion. Once a job has exited, it no longer exists as an object managed by
a batch server.
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A job that is being moved from a routing queue to another queue is defined to be
in the TTRRAANNSSIITTIINNGG state.

When a job in a routing queue has been selected to be moved to a new destination,
then the job is in either the QQUUEEUUEEDD state or the TTRRAANNSSIITTIINNGG state depending on
the server implementation.

Jobs with either a Execution_Time attribute value set in the future or a Hold_-
Types attribute of value not equal to NNOO__HHOOLLDD, or both, may be routed or held in
the routing queue. An implementation shall document the treatment of jobs with
the Execution_Time or Hold_Types attributes in a routing queue.

When a job in a routing queue has not been selected to be moved to a new destina-
tion and the job has a Hold_Types attribute value of other than NNOO__HHOOLLDD, then the
job should be in the HHEELLDD state.

NOTE: The effect of a hold upon a job in a routing queue is implementation defined. The implemen-
tation should use the state that matches if the job can route with a hold or not.

When a job in a routing queue has not been selected to be moved to a new destina-
tion and the job has a

— Hold_Types attribute value of NNOO__HHOOLLDD, and a

— Execution_Time attribute in the past,

then the job will be in the QQUUEEUUEEDD state.

When a job in a routing queue has not been selected to be moved to a new destina-
tion and the job has a

— Hold_Types attribute value of NNOO__HHOOLLDD, and a

— Execution_Time attribute in the future,

then the job may be in the WWAAIITTIINNGG state.

NOTE: The effect of a future execution time upon a job in a routing queue is implementation
defined. The implementation should use the state that matches if the job can route with a hold or
not.

Table 8-2 describes the next state of a job, given the current state of the job and
the type of request. Table 8-3 describes the response of a batch server to a
request, given the current state of the job and the type of request.

8.2.2 Deferred Batch Services

This subclause describes the deferred services performed by batch servers: job
execution, job routing, job exit, job abort, and the rerunning of jobs after a restart.

8.2.2.1 Job Execution

To execute a job is to create a session leader (a process) that runs the shell pro-
gram indicated by the Shell_Path_List attribute of the job. The script is passed to
the program as its standard input. An implementation of the server may pass the
script to the program by other means. The implementation shall document the
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Table 8-2 −− Next State Table
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Current StateiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiRequest Type
X Q R H W E Tiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Queue Job Request Q e e e e e e
Modify Job Request e Q R H W e T
Delete Job Request e X E X X E X
Job Message Request e Q R H W E T
Rerun Job Request e e Q e e e e
Signal Job Request e e R H W e e
Job Status Request e Q R H W E T
Queue Status Request X Q R H W E T
Server Status Request X Q R H W E T
Select Jobs Request X Q R H W E T
Move Job Request e Q R H W e T
Hold Job Request e H R/H H H e T
Release Job Request e Q R Q/W/H W e T
Server Shutdown Request X Q Q H W E T
Locate Job Request e Q R H W E Tiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
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c
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c
c
c
c
c
c
c
c
c
c
c

cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

NOTE: Where

X Nonexistent
Q QQUUEEUUEEDD
R RRUUNNNNIINNGG
H HHEELLDD
W WWAAIITTIINNGG
E EEXXIITTIINNGG
T TTRRAANNSSIITTIINNGG
e Error

alternate means in the conformance document. At the time a job begins execu-
tion, it is defined to enter the RRUUNNNNIINNGG state.

A batch server that has an execution queue containing jobs is said to own the
queue and manage the jobs in that queue. A batch server that has been started,
shall execute the jobs in the execution queues owned by the server. The server
shall schedule for execution those jobs in the execution queues that are in the
QQUUEEUUEEDD state. The algorithm for scheduling jobs is implementation defined.

A batch server that executes a job shall create, in the environment of the session
leader of the job, an environment variable named PBS_ENVIRONMENT, the
value of which is the string PPBBSS__BBAATTCCHH encoded in the portable character set.

A batch server that executes a job shall create, in the environment of the session
leader of the job, an environment variable named PBS_QUEUE, the value of
which is the name of the execution queue of the job encoded in the portable char-
acter set.

To rerun a job is to requeue a job that is currently executing and then kill the ses-
sion leader of the executing job by sending a SIGKILL prior to completion. See
8.2.3.11. A batch server that reruns a job shall append the standard output and
standard error files of the job to the corresponding files of the previous execution,
if they exist, with appropriate annotation. If either file does not exist, that file
shall be created as in normal execution.

18 8 Batch Environment Option Services and Utilities

258

259

260

261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

276

277
278
279
280
281
282
283
284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 04:23:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1003.2d-1994

http://www.avadocuments.com/doc/ieee-1003-2d-1994
http://www.avadocuments.com/doc/ieee-1003-2d-1994


PART 2: SHELL AND UTILITIES — AMENDMENT 1: BATCH ENVIRONMENT IEEE Std 1003.2d-1994

Table 8-3 −− Results/Output Table
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Current StateiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiRequest Type
X Q R H W E Tiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Queue Job Request O e e e e e e
Modify Job Request e O e O O e e
Delete Job Request e O O O O e O
Job Message Request e e O e e e e
Rerun Job Request e e O e e e e
Signal Job Request e e O e e e e
Job Status Request e O O O O O O
Queue Status Request O O O O O O O
Server Status Request O O O O O O O
Select Job Request e O O O O O O
Move Job Request e O O O O e e
Hold Job Request e O O O O e e
Release Job Request e O e O O e e
Server Shutdown Request O O e O O e e
Locate Job Request e O O O O O Oiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

cc
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
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c
c
c
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c
c
c
c
c
c
c
c

cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

NOTE: Where

O OK
e Error message

The execution of a job by a batch server is controlled by job, queue, and server
attributes, as defined in this subclause.

8.2.2.1.1 Account_Name Attribute

Accounting is an optional feature of batch servers. If a batch server implements
accounting, the statements in this subclause apply and the configuration variable
{POSIX2_PBS_ACCOUNTING} shall be set to 1.

A batch server that executes a job shall charge the account named in the
Account_Name attribute of the job for resources consumed by the job.

If the Account_Name attribute of the job is absent from the job attribute list or is
altered while the job is in execution, the batch server action is implementation
defined.

8.2.2.1.2 Checkpoint Attribute

Checkpointing is an optional feature of batch servers. If a batch server imple-
ments checkpointing, the statements in this subclause apply and the
configuration variable {POSIX2_PBS_CHECKPOINT} shall be set to 1.

There are two attributes associated with the checkpointing feature: Checkpoint
and Minimum_Cpu_Interval. Checkpoint is a job attribute, while Minimum_Cpu_-
Interval is a queue attribute. An implementation that does not support check-
pointing shall support the Checkpoint job attribute to the extent that the server
shall maintain and pass this attribute to other servers.

The behavior of a batch server that executes a job for which the value of the
Checkpoint attribute is CCHHEECCKKPPOOIINNTT__UUNNSSPPEECCIIFFIIEEDD is implementation defined. The
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implementation shall document the behavior of the batch server.

A batch server that executes a job for which the value of the Checkpoint attribute
is NNOO__CCHHEECCKKPPOOIINNTT shall not checkpoint the job.

A batch server that executes a job for which the value of the Checkpoint attribute
is CCHHEECCKKPPOOIINNTT__AATT__SSHHUUTTDDOOWWNN shall checkpoint the job only when the batch server
accepts a request to shut down during the time when the job is in the RRUUNNNNIINNGG
state.

A batch server that executes a job for which the value of the Checkpoint attribute
is CCHHEECCKKPPOOIINNTT__AATT__MMIINN__CCPPUU__IINNTTEERRVVAALL shall checkpoint the job at the interval
specified by the Minimum_Cpu_Interval attribute of the queue for which the job has
been selected. The Minimum_Cpu_Interval attribute shall be specified in units of
CPU minutes.

A batch server that executes a job for which the value of the Checkpoint attribute
is an unsigned integer shall checkpoint the job at an interval that is the value of
either the Checkpoint attribute, or the Minimum_Cpu_Interval attribute of the
queue for which the job has been selected, whichever is greater. Both intervals
shall be in units of CPU minutes. When the Minimum_Cpu_Interval attribute is
greater than the Checkpoint attribute, the job shall write a warning message to
the standard error stream of the job.

8.2.2.1.3 Error_Path Attribute

The Error_Path attribute of a running job cannot be changed by a Modify Job
Request. When the Join_Path attribute of the job is set to the value FFAALLSSEE and
the Keep_Files attribute of the job does not contain the value KKEEEEPP__SSTTDD__EERRRROORR, a
batch server that executes a job shall perform one of the following actions:

— Set the standard error stream of the session leader of the job to the path
described by the value of the Error_Path attribute of the job.

— Buffer the standard error of the session leader of the job until completion of
the job and when the job exits return the contents to the destination
described by the value of the Error_Path attribute of the job. Where the
server buffers standard error is implementation defined.

Applications shall not rely on having access to the standard error of a job prior to
the completion of the job.

When the Error_Path attribute does not specify a hostname, then the server shall
retain the standard error of the job on the host of execution.

When the Error_Path attribute does specify a hostname and the Keep_Files attri-
bute does not contain the value KKEEEEPP__SSTTDD__EERRRROORR, then the final destination of the
standard error of the job shall be on the host whose hostname is specified.

If the path indicated by the value of the Error_Path attribute of the job is a rela-
tive path, the batch server shall expand the path relative to the home directory of
the user on the host to which the file is being returned.

When the server buffers the standard error of the job and the file cannot be
opened for write upon completion of the job, then the server shall place the stan-
dard error in an implementation-defined location and notify the user of the
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location via mail. It shall be possible for the user to process this mail using the
mmaaiillxx utility as defined by 4.40.

If a server that does not buffer the standard error cannot open the standard error
path of the job for write access, then the batch server shall abort the job.

8.2.2.1.4 Execution_Time Attribute

A batch server shall not execute a job before the time represented by the value of
the Execution_Time attribute of the job. The Execution_Time attribute is defined
in seconds since the Epoch.

8.2.2.1.5 Hold_Types Attribute

A batch server shall support the following hold types:

ss That can be set or released by a user with at least a privilege level of
batch administrator (SSYYSSTTEEMM).

oo That can be set or released by a user with at least a privilege level of
batch operator (OOPPEERRAATTOORR).

uu That can be set or released by the user with at least a privilege level of
user, where the user is defined in the Job_Owner attribute (UUSSEERR).

nn That indicates that none of the Hold_Types attributes are set (NNOO__HHOOLLDD).

An implementation may define other hold types. The conformance document for
an implementation shall describe any additional hold types, how they are
specified, their internal representation, their behavior, and how they affect the
behavior of other utilities.

The value of the Hold_Types attribute shall be the union of the valid hold types
(ss, oo, uu, and any implementation-defined hold types) or nn.

A batch server shall not execute a job if the Hold_Types attribute of the job has a
value other than NNOO__HHOOLLDD. If the Hold_Types attribute of the job has a value
other than NNOO__HHOOLLDD, the job shall be in the HHEELLDD state.

8.2.2.1.6 Job_Owner Attribute

The Job_Owner attribute consists of a pair of username and hostname values of
the form:

username@hostname

A batch server that accepts a Queue Job Request shall set the Job_Owner attri-
bute to a string that is the username@hostname of the user who submitted the
job.

8.2.2.1.7 Join_Path Attribute

A batch server that executes a job for which the value of the Join_Path attribute is
TTRRUUEE shall ignore the value of the Error_Path attribute and merge the standard
error of the job with the standard output of the job.
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8.2.2.1.8 Keep_Files Attribute

A batch server that executes a job for which the value of the Keep_Files attribute
includes the value KKEEEEPP__SSTTDD__OOUUTTPPUUTT shall retain the standard output of the job
on the host where execution occurs. The standard output shall be retained in the
home directory of the user under whose user ID the job is executed and the file
name shall be the default file name for the standard output as defined under the
−−oo option of the qqssuubb utility. The Output_Path attribute is not modified.

A batch server that executes a job for which the value of the Keep_Files attribute
includes the value KKEEEEPP__SSTTDD__EERRRROORR shall retain the standard error of the job on
the host where execution occurs. The standard error shall be retained in the
home directory of the user under whose user ID the job is executed and the file
name shall be the default file name for standard error as defined under the −−ee
option of the qqssuubb utility. The Error_Path attribute is not modified.

A batch server that executes a job for which the value of the Keep_Files attribute
includes values other than KKEEEEPP__SSTTDD__OOUUTTPPUUTT and KKEEEEPP__SSTTDD__EERRRROORR shall retain
these other files on the host where execution occurs. These files shall be retained
in the home directory of the user under whose user identifier the job is executed
and the file names shall be the default file names for the files as defined in the
conformance document for the implementation.

8.2.2.1.9 Mail_Points and Mail_Users Attributes

A batch server that executes a job for which one of the values of the Mail_Points
attribute is the value MMAAIILL__AATT__BBEEGGIINNNNIINNGG shall send a mail message to each user
account listed in the Mail_Users attribute of the job.

The mail message shall contain at least the job identifier, queue, and server at
which the job currently resides, and the Job_Owner attribute.

8.2.2.1.10 Output_Path Attribute

The Output_Path attribute of a running job cannot be changed by a Modify Job
Request. When the Keep_Files attribute of the job does not contain the value
KKEEEEPP__SSTTDD__OOUUTTPPUUTT, a batch server that executes a job shall either

— Set the standard output stream of the session leader of the job to the desti-
nation described by the value of the Output_Path attribute of the job, or

— Buffer the standard output of the session leader of the job until completion
of the job and when the job exits return the contents to the destination
described by the value of the Output_Path attribute of the job.

When the Output_Path attribute does not specify a hostname, then the server
shall retain the standard output of the job on the host of execution.

When the Keep_Files attribute does not contain the value KKEEEEPP__SSTTDD__OOUUTTPPUUTT and
the Output_Path attribute does specify a hostname, then the final destination of
the standard output of the job shall be on the host specified.

If the path specified in the Output_Path attribute of the job is a relative path, the
batch server shall expand the path relative to the home directory of the user on
the host to which the file is being returned.
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Whether or not the batch server buffers the standard output of the job until com-
pletion of the job is implementation defined. Applications shall not rely on having
access to the standard output of a job prior to the completion of the job.

When the server does buffer the standard output of the job and the file cannot be
opened for write upon completion of the job, then the server shall place the stan-
dard output in an implementation-defined location and notify the user of the loca-
tion via mail. It shall be possible for the user to process this mail using the
mmaaiillxx utility as defined by 4.40.

If a server that does not buffer the standard output cannot open the standard out-
put path of the job for write access, then the batch server shall abort the job.

8.2.2.1.11 Priority Attribute

A batch server implementation might choose to preferentially execute a job based
on the Priority attribute. The interpretation of the job Priority attribute by a server
is implementation defined. If an implementation uses the Priority attribute, it
shall interpret larger values of the Priority attribute to mean the job shall be pre-
ferentially selected for execution.

8.2.2.1.12 Rerunable Attribute

A job that began execution but did not complete because the server either (a) shut
down, or (b) terminated abnormally, shall be requeued if the Rerunable attribute
of the job has the value TTRRUUEE.

If a job, which was requeued after beginning execution but prior to completion,
has a valid checkpoint file and the server supports checkpointing, then the job
shall be restarted from the last valid checkpoint.

If the job cannot be restarted from a checkpoint, then when a job has a rerunable
attribute value of TTRRUUEE and was requeued after beginning execution but prior to
completion, the server shall place the job into execution at the beginning of the
job.

When a job has a rerunable attribute value other than TTRRUUEE and was requeued
after beginning execution but prior to completion, and the job cannot be restarted
from a checkpoint, then the server shall abort the job.

8.2.2.1.13 Resource_List Attribute

A batch server that executes a job shall establish the resource limits of the session
leader of the job according to the values of the Resource_List attribute of the job.
Resource limits shall be enforced by an implementation-defined method.

8.2.2.1.14 Shell_Path_List Attribute

The Shell_Path_List job attribute consists of a list of pairs of pathname and host-
name values. The host-name component can be omitted, in which case the path-
name serves as the default pathname when a server cannot find the name of the
host on which it is running in the list.

A batch server that executes a job shall select, from the value of the Shell_Path_-
List attribute of the job, a pathname where the shell to execute the job will be
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found. The server shall select the pathname, in order of preference, according to
the following methods:

— Select the pathname that contains the name of the host on which the server
is running.

— Select the pathname for which the host name has been omitted.

— Select the pathname for the login shell of the user under which the job is to
execute.

If the shell path value selected is an invalid pathname, the batch server shall
abort the job.

If the value of the selected pathname from the Shell_Path_List attribute of the job
represents a partial path, the server shall expand the path relative to a path that
is implementation defined.

The server that executes the job will execute the program that was selected from
the Shell_Path_List attribute of the job. The server shall pass the path to the
script of the job as the first argument to the shell program.

8.2.2.1.15 User_List Attribute

The User_List job attribute consists of a list of pairs of user-name and host-name
values. The host-name component can be omitted, in which case the user name
serves as a default when a server cannot find the name of the host on which it is
running in the list.

A batch server that executes a job shall select, from the value of the User_List
attribute of the job, a user name under which to create the session leader. The
server shall select the user name, in order of preference, according to the follow-
ing methods:

— Select the user name of a value that contains the name of the host on which
the server executes.

— Select the user name of a value for which the host name has been omitted.

— Select the user name from the Job_Owner attribute of the job.

8.2.2.1.16 Variable_List Attribute

A batch server that executes a job shall create, in the environment of the session
leader of the job, each environment variable listed in the Variable_List attribute of
the job, and set the value of each such environment variable to that of the
corresponding variable in the variable list.

8.2.2.2 Job Routing

To route a job is to select a queue from a list and move the job to that queue.

A batch server that has routing queues, that have been started, shall route the
jobs in the routing queues owned by the server. A batch server is allowed to delay
the routing of a job. The algorithm for selecting a job and the queue to which it
will be routed is implementation defined.
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When a routing queue has multiple possible destinations specified, then the pre-
cedence of the destination is implementation defined.

A batch server that routes a job to a queue at another server shall move the job
into the target queue with a Queue Job Request.

If the target server rejects the Queue Job Request, the routing server shall retry
routing the job or abort the job. A batch server that retries failed routings shall
provide a means for the batch administrator to specify the number of retries and
the minimum period of time between retries. The means by which an administra-
tor specifies the number of retries and the delay between retries is implementa-
tion defined. When the number of retries specified by the batch administrator has
been exhausted, the batch server shall abort the job and perform the functions of
Job Exit; see 8.2.2.3.

8.2.2.3 Job Exit

For each job in the EEXXIITTIINNGG state, the batch server that exited the job shall per-
form the following deferred services in the order specified:

— If buffering standard error, move that file into the location specified by the
Error_Path attribute of the job.

— If buffering standard output, move that file into the location specified by
the Output_Path attribute of the job.

— If the Mail_Points attribute of the job includes MMAAIILL__AATT__EEXXIITT, send mail to
the users listed in the Mail_Users attribute of the job. The mail message
shall contain at least the job identifier, queue, and server at which the job
currently resides, and the Job_Owner attribute.

— Remove the job from the queue.

If a server that buffers the standard error output cannot return the standard
error file to the standard error path at the time the job exits, the batch server
shall either

— Mail the standard error file to the job owner.

— Save the standard error file and mail the location and name of the file
where the standard error is stored to the job owner.

— Save the standard error file and notify the user by other means, in which
case the conformance document for the implementation shall document the
method of notification.

If a server that buffers the standard output cannot return the standard output file
to the standard output path at the time the job exits, the batch server shall either

— Mail the standard output file to the job owner.

— Save the standard output file and mail the location and name of the file
where the standard output is stored to the job owner.

— Save the standard output file and notify the user by other means, in which
case the conformance document for the implementation shall document the
method of notification.
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At the conclusion of job exit processing, the job is no longer managed by a batch
server.

8.2.2.4 Batch Server Restart

A batch server that has been either (1) shutdown, or (2) terminated abnormally,
and has returned to operation, is said to have restarted.

Upon restarting, a batch server shall requeue those jobs managed by the server
that were in the RRUUNNNNIINNGG state at the time the server shut down and for which the
Rerunable attribute of the job has the value TTRRUUEE.

Queues are defined to be nonvolatile. A batch server shall store the content of
queues that it controls in such a way that server and system shutdowns do not
erase the content of the queues.

8.2.2.5 Job Abort

A batch server that cannot perform a deferred service for a job shall abort the job.

A batch server that aborts a job shall perform the following services:

— Delete the job from the queue in which it resides.

— If the Mail_Points attribute of the job includes the value MMAAIILL__AATT__AABBOORRTT,
send mail to the users listed in the value of the Mail_Users attribute of the
job. The mail message shall contain at least the job identifier, queue, and
server at which the job currently resides, the Job_Owner attribute, and the
reason for the abort.

— If the job was in the RRUUNNNNIINNGG state, terminate the session leader of the exe-
cuting job by sending the session leader a SIGKILL, place the job in the
EEXXIITTIINNGG state, and perform the services of Job Exit.

8.2.3 Requested Batch Services

This subclause describes the services provided by batch servers in response to
requests from clients. Table 8-4 summarizes the current set of batch service
requests and for each gives its type (deferred or not) and whether it is an optional
function.

If a request is rejected because the client is not authorized to perform the action,
the batch server shall return the same status as when the job does not exist.

8.2.3.1 Delete Job Request

A job is defined to have been deleted when it has been removed from the queue in
which it resides and not instantiated in another queue. A client requests that the
server that manages a job delete the job. Such a request is called a Delete Job
Request.
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Table 8-4 −− Batch Services Summary
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Batch Service Deferred Optionaliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
Job Execution yes no
Job Routing yes no
Job Exit yes no
Batch Server Restart yes no
Job Abort yes no
Queue Job Request no no
Modify Job Request no no
Delete Job Request no no
Job Message Request no yes
Rerun Job Request no no
Signal Job Request no no
Job Status Request no no
Queue Status Request no no
Server Status Request no no
Select Jobs Request no no
Move Job Request no no
Hold Job Request no no
Release Job Request no no
Server Shutdown Request no no
Locate Job Request no yes
Track Job Request no yesiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
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A batch server shall reject a Delete Job Request if any of the following statements
are true:

— The user of the client is not authorized to delete the designated job.

— The designated job is not managed by the server.

— The designated job is in a state inconsistent with the delete request.

A batch server may reject a Delete Job Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a
Delete Job Request may be rejected. The conformance document for an imple-
mentation shall describe the method used to determine whether or not the user of
a client is authorized to perform the requested action.

A batch server requested to delete a job shall delete the job if the job exists and is
not in the EEXXIITTIINNGG state.

A batch server that deletes a job in the RRUUNNNNIINNGG state shall send a SIGKILL signal
to the session leader of the job. A batch server may send additional signals to the
session leader of job prior to sending the SIGKILL signal. The conformance docu-
ment for such a batch server shall document the signals that are sent to the ses-
sion leader.

A batch server that deletes a job in the RRUUNNNNIINNGG state shall place the job in the
EEXXIITTIINNGG state after it has killed the session leader of the job and shall perform
the services of Job Exit.
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8.2.3.2 Hold Job Request

A client can request that the server add one or more holds to a job. Such a
request is called a Hold Job Request.

A batch server shall reject a Hold Job Request if any of the following statements
are true:

— The batch server does not support one or more of the requested holds to be
added to the job.

— The user of the client is not authorized to add one or more of the requested
holds to the job.

— The batch server does not manage the specified job.

— The designated job is in the EEXXIITTIINNGG state.

A batch server may reject a Hold Job Request for other reasons. The conformance
document for an implementation shall document the reasons for which a Hold Job
Request may be rejected. The conformance document for an implementation shall
describe the method used to determine whether or not the user of a client is
authorized to perform the requested action.

A server that accepts a Hold Job Request for a job in the RRUUNNNNIINNGG state shall place
a hold on the job. The conformance document shall describe what effect, if any,
the hold will have on a job in the RRUUNNNNIINNGG state.

A batch server that accepts a Hold Job Request shall add each type of hold listed
in the Hold Job Request, that is not already present, to the value of the Hold_-
Types attribute of the job.

8.2.3.3 Job Message Request

Job Message Request is an optional feature of batch servers. If an implementa-
tion supports Job Message Request, the statements in this subclause apply and
the configuration variable {POSIX2_PBS_MESSAGE} shall be set to 1.

A client can request that a batch server write a message into certain output files
of a job. Such a request is called a Job Message Request.

A batch server shall reject a Job Message Request if any of the following state-
ments are true:

— The batch server does not support sending messages to jobs.

— The user of the client is not authorized to post a message to the designated
job.

— The designated job does not exist on the server.

— The designated job is not in the RRUUNNNNIINNGG state.

A batch server may reject a Job Message Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a Job
Message Request may be rejected. The conformance document for an implemen-
tation shall describe the method used to determine whether or not the user of a
client is authorized to perform the requested action.
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A batch server that accepts a Job Message Request shall write the message sent
by the client into the files indicated by the client.

8.2.3.4 Job Status Request

A client can request that a batch server respond with the status and attributes of
a job. Such a request is called a Job Status Request.

A batch server shall reject a Job Status Request if any of the following statements
are true:

— The user of the client is not authorized to query the status of the desig-
nated job.

— The designated job is not managed by the server.

A batch server may reject a Job Status Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a Job
Status Request may be rejected. The conformance document for an implementa-
tion shall describe the method used to determine whether or not the user of a
client is authorized to perform the requested action.

A batch server that accepts a request for job status shall return a Job Status Mes-
sage to the client.

A batch server may return other information in response to a Job Status Request.

8.2.3.5 Locate Job Request

Locate Job Request is an optional feature of batch servers. If an implementation
supports Locate Job Request, the statements in this subclause apply and the
configuration variable {POSIX2_PBS_LOCATE} shall be set to 1.

A client can ask a server to respond with the location of a job that was created by
the server. Such a request is called a Locate Job Request.

A server that accepts a Locate Job Request shall return a Job Location message to
the client.

A batch server may reject a Locate Job Request for a job that was not created by
that server.

A batch server may reject a Locate Job Request for a job that is no longer
managed by that server—that is, for a job that is not in a queue owned by that
server.

A batch server may reject a Locate Job Request for other reasons. The confor-
mance document for an implementation shall document the reasons for which a
Locate Job Request may be rejected.

8.2.3.6 Modify Job Request

Batch clients modify (alter) the attributes of a job by making a request to the
server that manages the job. Such a request is called a Modify Job Request.
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A batch server shall reject a Modify Job Request if any of the following statements
are true:

— The user of the client is not authorized to make the requested modification
to the job.

— The designated job is not managed by the server.

— The requested modification is inconsistent with the state of the job.

— An unrecognized resource is requested for a job in an execution queue.

A batch server may reject a Modify Job Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a
Modify Job Request may be rejected. The conformance document for an imple-
mentation shall describe the method used to determine whether or not the user of
a client is authorized to perform the requested action.

A batch server that accepts a Modify Job Request shall modify all the specified
attributes of the job. A batch server that rejects a Modify Job Request shall
modify none of the attributes of the job.

If the servicing by a batch server of an otherwise valid request would result in no
change, then the server shall indicate successful completion of the request.

8.2.3.7 Move Job Request

A client can request that a batch server move a job to another destination. Such a
request is called a Move Job Request.

A batch server shall reject a Move Job Request if any of the following statements
are true:

— The user of the client is not authorized to remove the designated job from
the queue in which the job resides.

— The user of the client is not authorized to move the designated job to the
destination.

— The designated job is not managed by the server.

— The designated job is in the EEXXIITTIINNGG state.

— The destination is inaccessible.

A batch server can reject a Move Job Request for other reasons. The conformance
document for an implementation shall describe the reasons for which a Move Job
Request may be rejected. The conformance document for an implementation shall
describe the method used to determine whether or not the user of a client is
authorized to perform the requested action.

A batch server that accepts a Move Job Request shall perform the following
services:

— Queue the designated job at the destination.

— Remove the designated job from the queue in which the job resides.
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If the destination resides on another server, the server shall queue the job at the
destination by sending a Queue Job Request to the other server. If the Queue Job
Request fails, the server shall reject the Move Job Request. If the Queue Job
Request succeeds, the server shall remove the job from its queue.

The server shall not modify any attributes of the job.

8.2.3.8 Queue Job Request

A batch queue is controlled by one and only one batch server. A batch server is
said to own the queues that it controls. Batch clients make requests of batch
servers to have jobs queued. Such a request is called a Queue Job Request.

A batch server requested to queue a job for which the queue is unspecified shall
select a queue for the job. Such a queue is called the default queue of the server.
The conformance document for the implementation shall document the means by
which the server determines the default queue. The implementation shall pro-
vide the means for a batch administrator to specify the default queue. The queue,
whether specified or defaulted, is called the target queue.

A batch server shall reject a Queue Job Request if any of the following statements
are true:

— The client is not authorized to create a job in the target queue.

— The request specifies a queue that does not exist on the server.

— The target queue is an execution queue and the server cannot satisfy a
resource requirement of the job.

— The target queue is an execution queue and an unrecognized resource is
requested.

— The target queue is an execution queue, the batch server does not support
checkpointing, and the value of the Checkpoint attribute of the job is not
NNOO__CCHHEECCKKPPOOIINNTT.

— The job requires access to a user identifier that the client is not authorized
to access.

A batch server may reject a Queue Job Request for other reasons. The confor-
mance document for an implementation shall document the reasons for which a
Queue Job Request may be rejected.

A batch server that accepts a Queue Job Request for a job for which the
PBS_O_QUEUE value is missing from the value of the Variable_List attribute of
the job shall add that variable to the list and set the value to the name of the tar-
get queue. Once set, no server shall change the value of PBS_O_QUEUE, even if
the job is moved to another queue.

A batch server that accepts a Queue Job Request for a job for which the
PBS_JOBID value is missing from the value of the Variable_List attribute shall
add that variable to the list and set the value to the job_identifier assigned by the
server in the format: sequence_number.server.

A batch server that accepts a Queue Job Request for a job for which the
PBS_JOBNAME value is missing from the value of the Variable_List attribute of
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the job shall add that variable to the list and set the value to the Job_Name attri-
bute of the job.

8.2.3.9 Queue Status Request

A client can request that a batch server respond with the status and attributes of
a queue. Such a request is called a Queue Status Request.

A batch server shall reject a Queue Status Request if any of the following state-
ments are true:

— The user of the client is not authorized to query the status of the desig-
nated queue.

— The designated queue does not exist on the server.

A batch server may reject a Queue Status Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a
Queue Status Request is rejected. The conformance document for an implementa-
tion shall describe the method used to determine whether or not the user of a
client is authorized to perform the requested action.

A batch server that accepts a Queue Status Request shall return a Queue Status
Reply to the client.

8.2.3.10 Release Job Request

A client can request that server remove one or more holds from a job. Such a
request is called a Release Job Request.

A batch server shall reject a Release Job Request if any of the following state-
ments are true:

— The user of the client is not authorized to remove one or more of the
requested holds from the job.

— The batch server does not manage the specified job.

A batch server may reject a Release Job Request for other reasons. The confor-
mance document for an implementation shall document the reasons for which a
Release Job Request may be rejected. The conformance document for an imple-
mentation shall describe the method used to determine whether or not the user of
a client is authorized to perform the requested action.

A batch server that accepts a Release Job Request shall remove each type of hold
listed in the Release Job Request, that is present, from the value of the Hold_-
Types attribute of the job.

8.2.3.11 Rerun Job Request

To rerun a job is to kill the session leader of the job and leave the job eligible for
re-execution. A batch client can request that a server rerun a job. Such a request
is called Rerun Job Request.
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A batch server shall reject a Rerun Job Request if any of the following statements
are true:

— The user of the client is not authorized to rerun the designated job.

— The Rerunable attribute of the designated job has the value FFAALLSSEE.

— The designated job is not in the RRUUNNNNIINNGG state.

— The server does not manage the designated job.

A batch server may reject a Rerun Job Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a
Rerun Job Request may be rejected. The conformance document for an implemen-
tation shall describe the method used to determine whether or not the user of a
client is authorized to perform the requested action.

A batch server that rejects a Rerun Job Request shall in no way modify the execu-
tion of the job.

A batch server that accepts a request to rerun a job shall perform the following
services:

— Requeue the job in the execution queue in which it was executing.

— Send a SIGKILL signal to the process group of the session leader of the job.

An implementation may indicate to the job owner that the job has been rerun.
The conformance document for an implementation shall state whether the job
owner is notified that a job is rerun, and if so, shall describe the means used.

A batch server that reruns a job may send other signals to the session leader of
the job prior to sending the SIGKILL signal. The conformance document for an
implementation shall describe any other signals that may be sent.

A batch server may preferentially select a rerun job for execution. The confor-
mance document for an implementation shall state whether or not rerun jobs will
be selected for execution before other jobs.

8.2.3.12 Select Jobs Request

A batch client can request from a server a list of jobs managed by that server that
match a list of selection criteria. Such a request is called a Select Jobs Request.
All the jobs managed by the server that receives the request are candidates for
selection.

A batch server that accepts a Select Jobs Request shall return a list of zero or
more job identifiers that correspond to jobs that meet the selection criteria.

If the client is not authorized to query the status of a job, the server shall not
select the job.

8.2.3.13 Server Shutdown Request

A server is defined to have shut down when it does not respond to requests from
clients and does not perform deferred services for jobs. A client can request that a
batch server shut down. Such a request is called a Server Shutdown Request.
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A batch server shall reject a Server Shutdown Request from a client that is not
authorized to shut down the server. The conformance document for an implemen-
tation shall describe the method used to determine whether or not the user of a
client is authorized to perform the requested action.

A batch server may reject a Server Shutdown Request for other reasons. The con-
formance document for an implementation shall document the reasons for which a
Server Shutdown Request may be rejected.

At server shutdown, a server shall do, in order of preference, one of the following:

— If checkpointing is implemented and the job is checkpointable, then check-
point the job and requeue it.

— If the job is rerunable, then requeue the job to be rerun (restarted from the
beginning).

— Abort the job.

8.2.3.14 Server Status Request

A client can request that a batch server respond with the status and attributes of
the server. Such a request is called a Server Status Request.

A batch server shall reject a Server Status Request if the following statement is
true:

— The user of the client is not authorized to query the status of the desig-
nated server.

A batch server may reject a Server Status Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a
Server Status Request may be rejected. The conformance document for an imple-
mentation shall describe the method used to determine whether or not the user of
a client is authorized to perform the requested action.

A batch server that accepts a Server Status Request shall return a Server Status
Reply to the client.

8.2.3.15 Signal Job Request

A batch client can request that a batch server signal the session leader of a job.
Such a request is called a Signal Job Request.

A batch server shall reject a Signal Job Request if any of the following statements
are true:

— The user of the client is not authorized to signal the job.

— The job is not in the RRUUNNNNIINNGG state.

— The server does not manage the designated job.

— The requested signal is not supported by the operating system.

A batch server may reject a Signal Job Request for other reasons. The confor-
mance document for an implementation shall describe the reasons for which a
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Signal Job Request may be rejected. The conformance document for an imple-
mentation shall describe the method used to determine whether or not the user of
a client is authorized to perform the requested action.

A batch server that accepts a request to signal a job shall send the signal
requested by the client to the process group of the session leader of the job.

8.2.3.16 Track Job Request

Track Job Request is an optional feature of batch servers. If an implementation
supports Track Job Request, the statements in this subclause apply and the
configuration variable {POSIX2_PBS_TRACK} shall be set to 1.

Track Job Request provides a method for tracking the current location of a job.
Clients may use the tracking information to determine the server that should
receive a batch server request.

If Track Job Request is supported by a server, then when the server queues a job
as a result of a Queue Job Request, and the server is not the server that created
the job, the server shall send a Track Job Request to the server that created the
job.

If Track Job Request is supported by a server, then the Track Job Request may
also be sent to other servers as a backup to the primary server. The method by
which backup servers are specified is implementation defined.

If Track Job Request is supported by a server that receives a Track Job Request,
then the server shall record the current location of the job as contained in the
request.

8.3 Common Behavior for Batch Environment Option Utilities

8.3.1 Job Identifier

A utility shall recognize job_identifiers of the format:

sequence_number[..server_name][@server]

where:

sequence_number An integer that when combined with server_name pro-
vides a job identifier that is unique within the batch
system.

server_name The name of the batch server to which the job was origi-
nally submitted.

server The name of the batch server that is currently manag-
ing the batch job.

If the application omits the server_name portion of a job identifier, a utility shall
use the name of a default server.
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