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nformation processing systems — Open Systems Interconnection - File

ransfer, Access and Management -

art3:
ile Service Definition

AMENDMENT 2 : Overlapped access

Introduction

lause 0 provides an introduction to this amendment. The
foxt in this clause is not intended for inclusion in 1SO"8571
art 3.

0.1 General

SO 8571 part 3 defines in an abstract way the externally
isible file transfer, access and.management service.

his amendment extends_Jthis service definition to
corporate the services offered by overlapped access.

D.2 Rationale

he objective'in introducing overlapped access is to allow
ore efficient access to structured files when a single
itiator'has a need to perform many reading and updating
pperations; the senal nature of the current FTAM data

be overlapped, more than one association is necgssary,
The overlapped access takes place within a constant set of
presentation contexts established as at present whenithe file
is opened, or previously.

Two different degrees of overlap have been idgntified.
Firstly, requests for future accesses may be issued whilst a
previously requested BDT action is in progress, allowing the
creation of a queue of read and write requests. In general,

resultant effect on the virtual filestore of a set of overja
requests using consecutive access shall be the sa
that of the equivalent set of requests issued in serips;

if the FADUs are small. In thls context an FADU is small if
its transmission time is comparable with the time to complete
a confirmed service on the association (the association’s
round trip delay).

0.3 Summary

The current design envelope that there should be at most
one file selection per association and one file open per file
selection is maintained. If access to more than one file is to

service provided is serializable. If concurrent 2
used then the resultant effect of a set of write a
virtual filestore, is also serializable. However, due to the
non-determinism introduced by the use of concurrent
access, it is also possible that, in some uses of the servics,
the data transferred as a result of a read action is not
consistent with the current state of the file.

1 Scope and field of application

This amendment makes no additions to clause 1.
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This amendment makes no additions to clause 2.

3 Definitions

This amendment makes no additions to clause 4.

5 Conventions

This amendment makes no addijtions to clause 3.

This amendment makes no additions to clause 5.
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Section one: General

6 Model of the file service

6.2 File service levels

ISO 8571-3:1988/Amd.2:1993 (E)

NOTE - If overlapped access is in use, then a data transter regime is
deemed to have terminated when there are no requests for bulk data

transfer outstanding or in progress.

place second sentence of a):
ransfer of file data is modelled in the external file service
error free operations.

.3 Regimes of the file service
eplace figure 2.
eplace d) and g):

the data transfer regime during which particular bulk data
transfer specifications are in force.

a sequence of data transfer regimes within a file open
regime; the data transfer regimes may each be for either
ad transfer, write transfer or both, if overlapped access is
use. Write data transfer permits the operations insent,
place, or extend.

Add note after last paragraph:

FTAM regime

7 Services of the file service

7.8 Bulk data transfer

Replace sub-clause 7.8:

Bulk data transter refers to the transfer, optio with
checkpointing, of one or'more file access data units (see
20.1). There are nineradditional services associ with
bulk data transfer.

a) the consecutive access service may be requested by an
initiator toCallow the overlap of the protocol control
information for read and write bulk data transfer procedures
(see I1SQ 8571-1);

b) the concurrent access service may be requested| by an
initiator to allow the concurrent progression of redd and
write bulk data transfer procedures ( (see ISO 8571-1)

c) the read bulk data service (see 24.1) is used py the
initiator to initiate a bulk data transfer from the responder (in

file selection regime

file open regime

dala transfer regime

Filestore management

F—INITIALIZE

F—READ F—T%SFER
F-WRITE =
F-LocaTE F—CANCEL
—ERAS F—DATA
F—OPEN F—DATA—END F—CLOSE
F—READ—ATTRIBUTE
F—CHANGE—ATTRIBUTE
F—SELECT F—DESELECT
F—-CREATE F—DELETE

F-TERMINATE
F-U-ABORT
F—P—ABORT

Figure 2 - File service regimes and related primitivees
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Table 1 - Services and functional units of the External File Service

U15 Consecutive access

(0]

see note

U16 Concurrent access

o

see note

the rolg of sender), to the initiator (in the role of receiver),

d) the |write bulk data service (see 24.2) is used by the
initiatof to initiate a bulk data transfer from the initiator (in the
role of|sender) to the responder (in the role of receiver);

@) the [data unit transfer service (see 24.3) is used by the
sendef to transmit bulk data;

f) the @nd of data transfer service (see 24.4) is used by the
sendef to indicate completion of the data transfer;

g) the|end of transfer service (see 24.5) is used by the
initiatof to confirm that the data transfer procedure is
complégte;

h) the|cancel data transfer service (see 24.6) is used by
either the sender or the receiver to cancel a data transfer

procedure. When overlapped access is allowed either
directipn may be cancelled independently of the other.

7.10 Checkpointing and restarting

Add sentence to end of b):

If oveflapped access is in use then either direction of
transfgr may be restarted.

8 Functional units and service classes

8.1 Functional units

Add tJe following clauses:

Add entries to Table 1 and re-number entries accoraingly:

Add note after Table 1:

Note - the consecutive access and concuirent access
units allow the services provided by the read and write functional

1o be overlapped. The description of the overiap allowed is contai
within the definitions of individual services.

8.2 Service classes
8.2.2 File access class

Insert the following items and re-label accordingly:
d) optionally, the consecutive access functional unit;

6)\optionally, the concurrent access functional unit;

9 Levels of file service

Replace Table 3 - Functional units in the file services
Insert note:
Note - Pending the specification of presentation symmetric

synchronisation services, recovery mechanisms will not be available
for use during overlapped access.

Table 3 - Functional units in the file service

8.1.15 Consecutive access functional unit External Tile service Tnternal file service
Kemel Kemel

The consecltive access functional unit allows the overlap Read Read

of read and'write data transfer procedures as defined in ISO Write Write

8571- File access File access
Limited file management Limited file management

8.1.16 Concurrent access functional unit Enhanced file management | Enhanced file management
Grouping Grouping

The concurrent access functional unit allows the overlap of FADU locking FADU locking

read and write data transfer procedures as defined in ISO Recovery

8571-1. Restart data transfer
Consecutive access Consecutive access
Concurrent access Concurrent access

8.1.17 Service classes and functional units
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10 Negotiation of service class, FTAM
QoS and functional units

Amend third paragraph:

ISO 8571-3:1988/Amd.2:1993 (E)

The availabilty of the functional units, read, write,
consecutive access, concurrent access, file access,
limited file management, enhanced file management,
grouping and FADU locking Iis controlled by the service
class negotiated (see Tables 1 and 2).
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Section two : Definition of file service primitives

11 File service primitives

Amend entries in Table 6.

13.12 File Access Data Unit identity

Add note.

Note: if concurrent access is in use then the FADU identifiers

12 Sequence of primitives

This anpendment makes no additions to clause 12.

13 Common file service parameters

13.8 Concurrency Control

Replacg fifth paragraph:

If FADU locking is negotiated the locks set at file open have
the sc of the relevant bulk data transfer procedure. If
overlapped access is not in use then this is equivalent to the
bulk data transfer regime.

If overlagpped access is in use then the scope of the FADU
locking |is that of the read and write action.

Table 6 - File service primitives

previous; currentandnextaredependent-on-whether-the-action-isa
read or a write.

Add the following clauses:

13.14 Bulk Transfer Number

The bulk transfer number parametef-is only visible in th
internal file service. The parameter-is used to identify
particular bulk data transfer within an open regime. If the

of concurrent access is negotiated when the file ope
regime is established thenthe first read data transfer withi
an open regime is nimbered 1, and subsequent rea
transfers are consecutively numbered. Similarly, the fi
write data transfet-within the open regime is numbered 1
and subsequent write transfers are consecutivel
numbered., If (overlapped access is not negotiated, or
consecutive_ access is negotiated, then read and write bul
transfers are numbered consecutively, starting from 1 fo
the .first bukk data transfer procedure i.e. there is on

Primitive Confirmed

Request by

Parameters

F-OPEN Yes

Initiator

State result

Action result
Processing mode
Contents type
Concurrency control
Shared ASE information
Enable FADU locking
Diagnostic

Degree of overlap
Transfer window
[Activity identifier]
[Recovery mode]

[State result

Action result

Activity identifier
Bulk transfer number

[F-RECOVER] Yes

Initiator

Requested-access
Access passwords

Contents type

Recovery point

Diagnostic

Concurrent bulk transfer number
Concurrent recovery point

Last transfer end read request
Last transfer end read response
Last transfer end write request
Last transfer end write response]
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numbering sequence.

13.15 Transfer Number

The transfer number parameter is conditional on the use of
overlapped access. The parameter is used by the initiator

ISO 8571-3:1988/Amd.2:1993 (E)

for the responder it indicates the transfer number of the last
write data transfer for which a F-TRANSFER-END
indication has been recsived.

The default value O indicates that there are no outstanding
F-TRANSFER-END requests or indications to be issued or
received.

ote - The transfer number of a bulk data transfer may exceed the
hlue of the transfer window (17.1.2.10) as the latter parameter
strains the maximum number of transfers that are uncompleted at
one time.

.16 Last transfer end read request

e last transfer end read request parameter is only visible

r which a F-TRANSFER-END request has been issued,
r the responder it indicates the transfer number of the last
pad data transfer for which a F-TRANSFER-END

.17 Last transfer end read response

e last transfer end read response parameter is only visible

r which a F-TRANSFER-END confirm has been recsived;
r the responder, it.indicates the transfer number of the last
pad data transfer for which a F-TRANSFER-END response
ias been issued.

e default value 0 indicates that there are no outstanding

13.19 Last transfer end write response

The last transfer end write response parameter is only
visible in the internal file service, and is conditional jon the
use of concurrent access for the open-regime. The v of
the parameter is a transfer number (see 13.14). Hor the
initiator it indicates the transfer number of the last wrile data
transfer for which a F-TRANSFER-END confirm hag been
received; for the responder it indicates the transfer umber
of the last write data transfer for which a F-TRANSFER-END
response has been‘issued.

The default value zero indicates that there dre no
outstanding F-TRANSFER-END responses or confi to
be issued orreceived.

14.FTAM regime control

This amendment makes no additions to clause 14.

15 File selection regime control

This amendment makes no additions to clause 15.

16 File management

This amendment makes no additions to clause 16.

17 File open regime control

Amend second sentence:

This regime establishes the degree of overlappe:‘jcoess,
processing mode, presentation contexts, and concyrrency
control for the data transfer activity which is to be performed.

RANSFER-END responses or confirms to be issued or

.

13.18 Last transfer end write request

The last transfer end write request parameter is only visible
in the internal file service, and is conditional on the use of
overlapped access for the open regime. The value of the
parameter is a transfer number (see 13.14). For the initiator
it indicates the transfer number of the last write data transfer
for which a F-TRANSFER-END request has been issued;

17.1 File open service
17.1.1 Function

Amend last sentence of first paragraph:

It also establishes concurrency control, the degree of
overlapped access and possible processing mcdes.
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17.1.2 Types of primitives and parameters

Replace entries in table 21.

Add the following sub clauses and re-number:

The bulk transfer number is defined in 13.14. The parameter
indicates the bulk transfer procedure that is to be recovered.

If concurrent access is in use then this parameter takes the
value of the read transfer that is to be recovered (the write
transfer is identified by the concurrent bulk transfer number
parameter). The default value 0 indicates that there is no
read bulk transfer to be recovered.

either ho overlapped access (normal), consecutive access
or concurrent access.

The dégree of overlap available during the open regime is
the lowest of the values offered by the initiator and
respor{der. For the purposes of negotiation, the degrees of
overlapped access are rated as: concurrent access
(highes$t), consecutive access, no overlapped access
(lowes}). This value is used to set the current degree of
overlap attribute.

17.1.2.10 Transfer Window

The transfer window parameter indicates the number of bulk
data transfers that may be uncompleted at any time. There
is an ihdependent transfer window for reads and writes in
conculfrent access, although the value of the limit is the
same, |otherwise the transfer window is for both reads and

The value of the transfer window is the lowest of the values
offered by the initiator or responder.

18 Grouping control

This ndment makes no additions to Clause 18 of ISO
8571 part 3.

19 Recovery (Internal service only)

19.1 |[Regime recovery
19.1.2 Types of “primitives and parameters
Replage table-24.

19.1.2.4 _Bulk Transfer Number

Add the following clauses.
19.1.29 Recovery Point

Add last paragraph.

f concurrent overlapped accessis’in use then th
parameter is with respect to the read data transfer that
identified by the bulk data transfer number. If the bu
transfer number is zero then the recovery point parametgr
shall take the value zero:

19.1.2.10 Concurrent Bulk Transfer Number

The concurrent."bulk transfer number parameter
conditional on“the selection of the concurrent
functionalunit and the degree of overlap (see 17.1.2.9)
being.set/to concurrent access. The parameter takes
value“of a bulk transfer number (defined in 13.14)
identifies the write transfer that is to be recovered (:
19.1.2.4).

The default value 0 indicates that there is no write bulk
transfer to be recovered.

19.1.2.11 Concurrent Recovery Point

The concurrent recovery point parameter is conditional
the concurrent access functional unit and the degree of
overlap (see 17.1.2.9) being set to concurrent access.
parameter indicates that recovery is to a point before
start of the write bulk data transfer (value zero), or to
checkpoint within the bulk data transfer, or to a point
following its completion (see note). The recovery point
within the write bulk data transfer identified by
concurrent bulk transfer number (see 19.1.2.10); if the wri
bulk transfer number parameter is zero then the wri
recovery point parameter shall take the value zero.
recovery point is determined by the entity which w
receiving data at the time of failure. Consequently
parameter is required to be present on the respon
primitive.

Table 21 - F-OPEN parameters

Degree of overlap Conditional

Conditional Conditional Conditional
(=) (=)

Transfer window Conditional

Conditional Conditional Conditional

(=) (=)
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it the concurrent bulk transfer number is zero, the
concurrent recovery point parameter shall take the value
Zero.

NOTE - Recovery to a point following a write bulk data transfer
completion is defined for the case where the receiver has received an
F-DATA-END indication but the F-TRANSFER-END exchange has
not completed In such a situation uwould be unnecessary to go back

only
nder and receiver to have an agreed understand’ng of the
completion of the transfer. A value one larger than the highest
ackpoint number issued by the sender is used to indicate recovery
hfter bulk data transfer.

9.1.2.12 Last Transfer End Read Request

he last transfer end read request parameter is defined in
3.16. It is only present on the response primitive, and
herefore indicates the bulk transfer number of the last read
data transfer for which a transfer end read indication
primitive had been received by the responder. It is only
present if recovery is to an open regime that had negotiated
he use of concurrent access.

9.1.2.13 Last Transfer End Read Response

he last transfer end read response parameter is defined in
13.17. It is only present on the request primitive, and
herefore indicates the bulk transfer number of the last read
data transfer for which a transfer end read confirm primitive
ad been received by the initiator. It is only present if
scovery is to an open regime that had negotiated:-the use
of concurrent access.

9.1.2.14 Last Transfer End Write- Request

he last transfer end write request parameter is defined in
13.18. It is only present on-the"' response primitive, and
herefore indicates the bulkransfer number of the last write
data transfer for which-a transfer end read indication
primitive had been received by the responder. It is only
present if recovery,is to'an open regime that had negotiated
the use of concurrent access.

1ISO 8571-3:1988/Amd.2:1993 (E)

19.1.2.15 Last Transfer End Write Response

The last transfer end write response parameter is defined in
13.19. It is only present on the request primitive, and
therefore indicates the bulk transfer number of the last write
data transfer for which a transfer end read confirm primitive
had been received by the |n|t|ator It is only present if

: 3 . B0 e USe
of concurrent access.

Replace Table 24.

20 Access to file contents

20.1 Bulk data transfer

Replace second paragraph:

When overlapped’ access is not in use, these progedures
start and finish in a single data transfer idle state, socan
be considered as a self-contained procedural unit, which is
primitive_in the definition of the remainder of the file $ervice.

if{overlapped access is in use then these procedurps may
be overlapped. It is therefore not necessarily true that read

and write procedures start and finish in a data trangfer idle
state.

21 Bulk data transfer service primitives

Replace Table 30.

Add sentence to end of fourth paragraph:

f overlapped access is in use then the initiator and
responder may each be acting as both sender and rgceiver,
with respect to the read and write procedures, as prgviously
described.
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Table 24 - F-RECOVER parameters

Parameter F-RECOVER F-RECOVER F-RECOVER F-RECOVER
request indication response confirm
State Hesult Mandatory Mandatory |
Action Result Mandatory Mandatory
Activity Identifier Mandatory Mandatory
| =)
Bulk Transfer Mandatory Mandatory
nymber (=)
Requested Access Mandatory Mandatory
(=)
Actess Passwords Optional Optional
(=)
Contents Type Mandatory Mandatory
(=)
Racovery Point Conditional Conditional Conditional Conditional
(=) (=)
Diagnostic Optional Optional
ncurrent Bulk Conditional Conditional Conditional Conditional
Tiansfer Number (=) (=)
Cancurrent Recovery Conditional Conditional Conditional Conditional
oint (=) =)
Lapt Transfer End Conditional Conditional
ead Request (=)
Lakt Transfer End Conditional Conditional
ead Response (=)
t Transfer End Conditional Conditional
rite Request (=)
t Transfer End Conditional Conditional

rite Response

(=)

10
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Section three: Definition of bulk data transfer primitives

22 Sequence of bulk data transfer
primitives

22.1 Normal sequences

of the bulk data transfer service with overlapped access, Is

specified in Annex F.

Note - The use of a common Data Transfer idle state for read and write
bulk data transfer procedures in figure 8, serves to illustrate the

normal progress of individual read and write bulk data
transfer procedures is illustrated by the state transition
iagram shown in Figure 8. Full state transition diagrams are
dontained in Annex E.

The sequences of primitives allowed as a result of the use

progress of use of the bulk fransfer service itself when ovdriapped

access is not in use.

Re-label figure 8.

Figure 8 - Simpilified State Transition Diagram for Read and

Write Bulk Data Transfer Procedures

22.2 Constraints on issue of primitives

Table 30 - Bulk data transfer service primitives

[ Primitive Confirmed Request
Name Service by

Parameters

Failu
Notificatjon

F-READ No Initiator

Bulk data transfer
spacification
Jransfer number

F-WRITE No Initiator

F-DATA-END
action mrult

Bulk data transfer
specification

Transfer number

F-CANCEL

F-DATA No Sender

Data value

F-DATA-END No Sender

F-CAN

Action result
Diagnostic

F-CANCEL

[~ F-TRANSFER-END Yes Initiator

Action result
Shared ASE information
Diagnostic
Request type
Transfer number
[Last transfer end read response)
[Last transfer end write response]

action result

F-CANCEL Yes Either

Action result
Shared ASE information
Diagnostic
Request type
Transfer number
[Last transfer end read request]
[Last transfer end read response]
[Last transfer end write request]
[Last transfer end write response]

none

[F-CHECK] Yes Either

[Checkpoint identifier

F-CANqEL

_Transtor number]

[F-RESTART)] Yes Either

[Checkpoint identifier
Request type
Transter number
Last transfer end read request
Last transfer end read response
Last transfer end write request
Last transferend write response]

F-CANCEL

1
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The primitives may be issued in any sequence consistent
with the LOTOS specification in Annex F. In addition, for the
non-overlapped case, the constraints are presented in
tables 31 and 32. The sequences given with the individual
primitive definitions apply.

22.3 Key to tables 31 and 32

The F-READ service specifies a data transfer from the
service responder (that is the sender) to the service initiator
(that is the recsiver).

24.1.1.1 Service without overlapped access

Only one F-READ procedure may be in progress at any time

This amendment makes no changes to sub-clause 22.3.

23 Common bulk data transfer
parameters

23.2 |Checkpoint identifier

Replage last sentence of first paragraph:

If the Use of concurrent access has been negotiated for the
open fegime then there may be more than one checkpoint
numbgr sequence valid at any one time. The bulk transfer
numbgr is used to identify the correct sequence. For the F-
RESTART primitive, the value is between 0 and 999998 for
each direction of transfer.

23.43| Request type

The r1quest type parameter identifies the type of transfer to
which [a primitive is related i.e. read or write.

24 Bulk data transfer

Replage the first paragraph:

This group of services performs the_transfer of bulk data.
Each procedure begins with the-Service initiator issuing
either|an F-READ request or_an’ F-WRITE request as
appropriate. This leads to the_issue of a sequence of F-
DATA| requests followed _by_.an F-DATA-END request by
the sdnder of the data..A procedure is completed by the
initiatgr issuing anm) ‘F-TRANSFER-END request, as
appropriate. |f overlapped access has been negotiated,
then the service, primitives for read and write procedures

flow established continues until the exchange of
TRANSFER-END primitives. Rejection of an F-REA
indication is by issue of an F-DATA-END with an -acti
result indicating unsuccessful.

n

These primitives signal a transfer of controlfrom the initiator
to the sender. They mark a reversal of the servige
asymmetry for the duration or the data-transfer.

24.1.1.2 Service with consecutive access

F-READ procedures may be requested at any time during
the open regime, up'to the limit negotiated as the transfer
window when .the open regime was established. T
requests for bulk transfer procedures are queued by the
responder. If there are no outstanding bulk transfer requests
then the. F-DATA requests may be issued immediately,
otherwise' the F-DATA requests are issued subject to the
following constraints:

a) if the preceding bulk transfer procedure was a redd
procedure then the responder may issue F-DATA requests
after issuing the F-DATA-END request for the preceding
read procedure;

procedure then the responder may issue F-DATA req
after issuing the F-TRANSFER-END response for that w
procedure.

b) if the preceding bulk transfer procedure was a wae

A F-READ procedure concludes with the exchange of F
TRANSFER-END primitives.

Rejection of an F-READ indication is by issue of an F
DATA-END request with an action result indicatin
unsuccessful, although this may not be issued until th
responder has issued a F-DATA-END indication or F
TRANSFER-END (write) response, as appropriate, for the
preceding bulk transfer procedure.

24.1.1.3 Service with concurrent access

24.1 Read bulk data service

Replace sub-clause 24.1.1:

24.1.1 Function

12

F-READ procedures may be requested at any time during
the open regime, up to the limit negotiated as the transfer
window when the open regime was established. The
responder maintains two independent queues for the read
and write bulk transfer requests. If there are no outstanding
requests for read procedures then the responder may issue
F-DATA requests immediately, otherwise the F-DATA
requests are issued after the issue of an F-DATA-END
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request for the preceding read procedure. A F-READ
procedure concludes with the exchange of F-TRANSFER-
END primitives.

Rejection of an F-READ indication is by issue of an F-
DATA-END request with an action result indicating
unsuccessful, although this may not be issued until the

preceding read procedurs.

R4.1.2 Types of primitives and parameters
Replace table 33.

Add sub-clause:

R4.1.2.2 Transfer Number

The transfer number parameter is defined in 13.15.
24.2 Write bulk data service

Replace sub-clause 24.2.1:

24.2.1 Function

The F-WRITE service specifies a data transfer from the
ervice initiator (that is the sender) to the service responder
that is the recsiver).

4.2.1.1 Service without overlapped access

nly one F-WRITE procedure may be in progress at any
ime on a single application association:The direction of
ata flow established continues until the exchange of F-
RANSFER-END primitives. An F-WRITE indication can be
jected by issuing an F-CANCEL request (see 24.6). If the
ransfer is rejected, no further Fz-DATA indication primitives
re received by the respondar.

.2.1.2 Service with’ consecutive overlapped
ccess

-WRITE procedures may be requested at any time during
he open regime, up to the limit negotiated as the transfer
indow ‘when the open regime was established. The
equests for bulk transfer procedures are queued. If there
re’no‘outstanding bulk transfer requests then the F-DATA
quests may be issued immediately, otherwise the F-DATA

ISO 8571-3:1988/Amd.2:1993 (E)

a) if the preceding bulk transfer procedure was a read
procedure then the initiator may issue F-DATA requests
after issuing a F-TRANSFER-END request for the
preceding read procedure;

b) if the preceding bulk transfer procedure was a write
procedure then the initiator may issue F-DATA requests
after—issuing—e HRA H D—request—{or the
preceding write procedure.
An F-WRITE procedure concludes with the'exchange of F-
TRANSFER-END primitives.

A responder may reject an F-WRITE “indication by| issuing
an F-CANCEL request, althoughithis may not be issyed until
the responder has recsived an, F-TRANSFER-END (read)
indication or issued an-_F-TRANSFER-END | (write)
response, as appropriate,.for the preceding bulk ftransfer
procedure (see 24.7).

24.2.13 Service with concutrent access

immediately, otherwise the F-DATA requests ar¢g issued
after the issue of an F-TRANSFER-END request| for the
preceding write procedure. A F-WRITE procedure
concludes with the exchange of F-TRANSFER-END
primitives.
Rejection of an F-WRITE indication is by issue of an F-
CANCEL request, although this may not be issued until the
responder has issued a F-TRANSFER-END , for
the preceding write procedure (see 24.6).

24.2.2 Types of primitives and parameters

Replace table 34.

Add sub-clause:

24222 Transfer Number

The-transfer number parameter is defined-in13.15.

requests are issued subject to the following constraints:
Table 33 - F-READ parameters

[ Parameter F-READ F-READ
request indication
Bulk data transfer Mandator Mandatory

specification (=)
‘Transter number Conditional Conditional
(=)

244 End of data transfer service
24.4.1 Function

Replace last sentence:
The sender may issue an F-DATA-END request with an

unsuccessful action as a rejection of an F-READ
indication, subject to the constraints defined in 24.1.

13
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24.4.2 Types of primitives and parameters

Table 34 - F-WRITE parameters

The last transfer end read response parameter is defined in
13.17.

24.52.7 Last Transfer End Write Response

24.4.2{1 Action Result

Replace last sentence:

The intiator responds with an F-TRANSFER-END request
as in the non error case.

24.5 End of transfer service

24.5.2| Types of primitives and parameters

Replade Table 37.
Add the following sub-clauses:
24524 Request Type

The refjuest type parameter is defined in 23.3.

24.5.2l5 Transfer Number

The trgnsfer number parameter is defined in 13.15.

24.5.216 Last Transfer End -Read Response

Parameter F-WRITE F-WRITE
roquet Indication The last transfer end write response parameter is defined in
BulkJData Transfer Mandatory Mandatory 318
Spedification (=)
Trankfer Number Conditional Con?it)ional Replace sub-clause 24.6:

24.6 Cancel data transfer

24.6.1 Function

activity by issuing an F-CANCEL request primitive. Tl

Either of the service users may‘cancel a data transf%
conditions for use are described in the following clauses

24.6.1.1 Service' without overlapped access

The F-CANCEL primitive may be issued during data transf
after the issue or receipt of an F-READ or F-WRITE req
or indication. At the end of data transfer, it may not
issued:

a)by the initiator acting as sender after issue of an F-DATA-
END request;

b) by the responder acting as receiver after issue of an F-
TRANSFER-END response;

c) by the responder acting as sender after the issue of an
F-DATA-END request,;

d) by the initiator acting as receiver after the issue of an F
TRANSFER-END request.

If either the cancel data transfer service or the end of
transfer service is used, the data transfer regime

Table 37 - F-TRANSFER-END parameters

Pargmeter F-TRANSFER-END F-TRANSFER-END F-TRANSFER-END F-TRANSFER-END
request indication response confirm
Actign result Mandatory Mandatory
Shared ASE information Optional Optional Optional Optional
(=) (=)
Diagnostic Optional Optional
Request Type Conditional Conditional Conditional Conditional
=) =
Transfer Number Conditional Conditional Conditional Conditional
(=) (=)
[Last transfer end read Conditional Conditional
response (=)
Cast fransfer end write Condifional Conditional
response (=)

14
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Where use of these services collides, the cancel data
transfer service takes precedence.

After an F-CANCEL procedure the two users may have
different views of the state of the activity. The F-CANCEL
primitives interrupt any activity in progress (including an F-
RESTART sequenoe) and any undelivered indications or

ISO 8571-3:1988/Amd.2:1993 (E)

different views of the state of the activity. The F-CANCEL
primitives interrupt any activity in progress (including an F-
RESTART sequence) and any undelivered indications or
confirms may be discarded.

The file remains open after a sequence of F-CANCEL
pnmmves although the result of lnterrupted oparations Is not

e file remains open after a sequence of F-CANCEL
primitives, although the result of interrupted operations is not
defined. Further F-READ or F-WRITE operations, not
ecessarily related to any previous read or write attempt,

ay be attempted after the completion of the sequence of
F-CANCEL primitives has disposed of any previous
activity.

4.6.1.2 Service with consecutive access

e cancel data transfer service may be used to cancel
gither a read transfer or a write transfer. If there are no
ncompleted bulk transfer procedures then the constraints
on the use of the service are as defined for the service
ithout overlapped access. Otherwise, it may not be used:

3) by the initiator acting as sender before the issue of an F-

RANSFER-END request (as appropriate) for the preceding
hulk transfer procedure, or after the issue of an F-DATA-
END request for that write transfer;

b) by the responder acting as receiver before the receipt of
an F-TRANSFER-END (read) indication or the issue of an
F-TRANSFER-END (write) response (as approptiate) for
the preceding bulk transfer procedurse, or after.the issue of
gn F-TRANSFER-END response for that write transfer;

¢) by the responder acting as sender before the issue of an
F-DATA-END request or F-TRANSFER-END (write)
psponse (as appropriate) for the preceding bulk transfer, or
dfter the issue of an F-DATA-END request for that read
ransfer;

d) by the initiator acting”as receiver before the issue of an
F-TRANSFER-END,“(read) request or receipt of an F-
RANSFER-END-(write) confirm (as appropriate) for the
preceding bulk transfer procedure, or after the issue of an
F-TRANSEER-END request for that read transfer.

Qutstanding F-TRANSFER-END primitives may not be
gxchanged until the F-CANCEL sequence has been

’ not
necessanly related to any previous read or write aktempt,
may be attempted after the completion of the sequance of

F-CANCEL primitives has disposed of."any ppevious
activity.

24.6.1.3 Service with concurtent access

The cancel data transfer may be used to cancel @ read
transfer or a write transfer. The constraints that apply to
cancelling read and write transfers are independent ¢f each
other and the F-CANCEL service may only be use

transfer and the current write transfer, the file servige
must issue-two F-CANCEL requests.

24.6:1.3.1 Cancel write bulk transfer constraints

the constraints on the use of the service are as defined for
the service without overlapped access. Otherwi
service may not be used to cancel a write transfer.

If there are no uncompleted write bulk transfer praE:res

a) by the initiator before the receipt of an F-TRANSFER-
END confirm for the preceding write transfer, or afte

b) by the responder before the issue of an F-TRA
END responsae for the preceding write transfer, or

transfer.

Outstanding F-TRANSFER-END (write) primitives
be exchanged until the F-CANCEL sequence ha
completed. Also, the initiator may not issue further re
for write bulk transfer procedures during the exchang
CANCEL primitives.

completed. Also, the initiator may not issue further requests
for bulk transfer procedures during the exchange of F-
CANCEL primitives.

lf the cancel data transfer service is used then all
outstanding bulk transfer requests are cancelled and the
data transfer regime ceases. Where uses of this service and
the end of data transfer service collide, the cancel data
transfer service takes precedence.

After an F-CANCEL procedure the two users may have

transfer service takes precedence

After an F-CANCEL procedure the two users may have
different views of the state of the activity. The F-CANCEL
primitives interrupt any activity in progress (including an F-
RESTART sequence) and any undelivered indications or
confirms may be discarded.

The file remains open after a sequence of F-CANCEL

primitives, although the result of interrupted operations is not
defined. Further F-WRITE operations, not necessarily

15
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related to any previous write attempt, may be attempted after
the completion of the sequence of F-CANCEL primitives
has disposed of any previous activity.

24.6.1.3.2 Cancel read bulk transfer constraints

The file remains open after a sequence of F-CANCEL
primitives, although the result of interrupted operations is not
defined. Further F-READ operations, not necessarily
related to any previous read attempt, may be attempted after
the completion of the sequence of F-CANCEL primitives

has disposed of any previous activity.

then the constraints on the service user are as defined for
brvice without overlapped access. Otherwise, the

b) by the responder before the receipt of an F-TRANSFER-
END |indication for the preceding read bulk transfer
procedure, or after the issue of an F-DATA-END request for
that rgad transfer.

Outstagnding F-TRANSFER-END (read) primitives may not
be exrhanged until the F-CANCEL sequence has been
complpted. Also, the initiator may not issue further requests
for redd bulk transfer procedures during the exchange of F-
CANGCEL primitives.

if the| cancel data transfer service is used then all
outstapding read bulk transfer requests are cancelled and
the data transfer regime ceases. Where uses of this service
and the end of data transfer service collide, the cancel data
transfér service takes precedence.

After an F-CANCEL procedure the two users may’ have
different views of the state of the activity. The F-CANCEL
primitives interrupt any activity in progress (including an F-
RESTART sequence) and any undelivered_indications or
may be discarded.

Table 38 - F-CANCEL parameters

24.6.2 Types of primitives and parameters
Replace table 38.

Add the following sub-clauses:
24.624 Request Type

The request type parameter is defined in 23.3.

24.6.2.5 Transfer “Number

The transfer number parameter is defined in 13.15.

24.6.27)Last Transfer End Read Request

The last transfer end read request parameter is defined |n
18:16.

24.6.2.8 Last Transfer End Read Response

The last transfer end read response parameter is defined |n
13.17.

24.6.29 Last Transfer End Write Request

The last transfer end write request parameter is defined |n

Parameter F-CANCEL F-CANCEL F-CANCEL F-CANCEL
request indication response confirm
Action resutt Mandatory Mandatory Mandatory Mandatory
Sr]ared ASE information Optional Optional Optional Optional
(=) =)
Diagnostie Optional Optional Optional Optional | |
Regquest type Conditional Conditional Conditional Conditi
(=) (=)
Transfer number Conditional Conditional Conditional Conditional |
(=) (=)
[Last transfer end read Conditional Conditional Conditional Conditional
request (Responder only) (=) (Initiator only) (=)
Last tfransfer end read Condifional Conditional Tonditional CTonditional
response (Initiator only) (=) (Responder only)| (=)
Last transfer end write Conditional Conditional Conditional Conditional
request (Responder only) (=) (Initiator only) (=)
Last transfer end write Conditional Conditional Conditional Conditional
response (Initiator only) (=) (Responder only)j (=)]

16
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13.18.
24.6.2.10 Last Transfer End Write Response

The last transfer end write response parameter is defined in
13.19.

ISO 8571-3:1988/Amd.2:1993 (E)

transfers are independent of each other. A sender may only
issue an F-CHECK request if all data has been sent for the
preceding bulk data transfers; a responder may only issue
an F-CHECK response if all data has been secured for the
preceding bulk data transfer.

the following after first sentence:

overlapped access is in use then the resultant sequence

f primitives is the result of interleaving the two sequences
r read and write operations. The rules for interleaving are
fined for each individual primitive.

4.8 Sequence of primitives on Read

dd the following after first sentence:

overlapped access is in use then the resultant sequence
f primitives is the result of interleaving the two sequences

r read and write operations. The rules for interleaving are
fined for each individual primitive.

5 Checkpointing and restart (Internal
DT Service Only)

.1 Checkpointing

eplace last sentence:

he checkpointing and restart primitives ;may be issued
hile a data transfer activity is in progress to control the
progress of the data transfer.

P5.1.1 Function

Add following paragraphs:

f overlapped access is not in use then checkpoint primitives
may be issued-after an F-READ or F-WRITE and before an
F-DATA-END, for the sender and F-TRANSFER-END
read).or.F-TRANSFER-END (write) for the recipient.

f the use of overlapped access has been negotiated for the

S

25.1.2 Types—of primitives—and parameters

Replace table 39.

Add the following sub-clause:
25.1.22 Transfer Number.

The transfer number is defined in 13.15. The
identifies the data transfer to which the ch int is

associated.

25.2 Restarting data transfer service
Replace. sub-clause 25.2.1:

25.2:1 Function

The F-RESTART group of primitives interrupts any bulk data
transfer activity in progress, with possible loss (of any
undelivered indications or confirms. It negotiates a point at
which data transfer is to be restarted.
25.2.1.1 Service without overlapped access

At the end of data transfer, the service may not bg used:

a) by the initiator acting as sender after issue of an F{DATA-
END request;

b) by the responder acting as receiver after the issye of an
F-TRANSFER-END response;

c) by the responder acting as sender after the issue of an
F-DATA-END request;

d) by the initiator acting as receiver after the issue of an F-
TRANSFER-END request.

an F-

If the receiver and the sender o

RN BQ

data both issue

rovide

A

ISt

Table 39 - F-CHECK parameters

Parameter F-CHECK F-CHECK F-CHECK F-CHECK
request indication response confirm
Checkpoint identifier Mandatory Mandatory Mandatory Mandatory
(=) (=)
Transfer number Conditional Condifional Conditional Conditional
(=) (=)

17
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collision and issues a confirmation to each user giving the
point at which the transfer is to be restarted (see ISO 8571-
4). An F-RESTART indication is rejected by using an F-
CANCEL request primitive.

25.2.1.2 Service with consecutive access

then the constraints on the use of the service are as defined
for the service without overlapped access. Otherwise, the
service may not be used to restart a write transfer:

a) by the initiator before the issue of an F-TRANSFER-END
request for the preceding write transfer, or after the issue of
an F-DATA-END request for that write transfer;

The resgtarting data transfer service may be used to restart
either @ read transfer or a write transfer. If there are no
uncompleted bulk transfer procedures then the constraints
on the|use of the service are as defined for the service
without| overlapped access. Otherwise, it may not be used:

a) by the initiator acting as sender before the issue of an F-
TRANSFER-END request for the preceding bulk transfer
procedyre, or after the issue of an F-DATA-END request for
that write transfer;

b) by the responder acting as receiver before the receipt of
an F-TRANSFER-END (read) indication or the issue of an
F-TRANSFER-END (write) response (as appropriate) for
the preceding bulk transfer procedure, or after the issue of
an F-TRANSFER-END response for that write transfer;

c) by tHe responder acting as sender before the issue of an

d) by the initiator acting as receiver before the issue of an
F-TRANSFER-END (read) request or receipt of an.F>
TRANSFER-END (write) confirm, as appropriate, for-the
preced|ng bulk transfer procedure, or after the issue_of an
F-TRANSFER-END request for that read transfer.

If the |restarting data transfer service is'used then all
outstarlding bulk transfer requests are cancelled and the
initiaton must reissue the bulk transfer.requests. Where use
of this| service causes a collision,\.the service provider
resolves the collision and issues.a confirmation to each user
giving the transfer, and the point.at which the transfer is to
be restarted (see ISO 8571-4).-An F-RESTART indication is
rejectedl by using an F-CANCEL request primitive.

25.2.1)3 Service) with concurrent access

The regtarting data transfer may be used to restart a read
transfel or)a write transfer. The constraints that apply to

END response for the preceding write transfer, or after th
issue of an F-TRANSFER-END response for that-writ
transfer.

b) by the responder before the issue of an F-TRANSFER{

25.2.1.3.2 Restart read bulk transfer
constraints

If there are no uncompleted read.bulk transfer procedu
then the constraints on the service user are as defined fo
the service without overlapped access. Otherwise, th
service may not be used 1o restart a read transfer:

a) by the initiator before the issue of an F-TRANSFER-E
request for the.preceding read bulk transfer procedure, 0
after the issue)of an F-TRANSFER-END request for th
read procedure;

b) by the responder before the issue of an F-DATA-E
request for the preceding read bulk transfer procedure, o
after the issue of an F-DATA-END request for that rea
transfer.

Subject to the following, a bulk transfer procedure that is not
in a direction to be restarted, may continue as normal:

i) outstanding F-TRANSFER-END primitives may not
exchanged until the F-RESTART sequence has bee
completed;

ii) the initiator may not issue further requests for bulk transfej
procedures during the exchange of F-RESTART primitiv

If the receiver and the sender of data both issue an Fi
RESTART request for the same direction, the serv
provider resolves the collision and Issues a confirmation t
each user giving the transfer, and the point at which th
transfer is to be restarted (see 1ISO 8571-4).

25.2.2 Types of primitives and parameters

restarting read and write procedures are independent of
each other. To issue an F-RESTART request for a read
transfer and a write transfer, a service user must satisfy both
sets of constraints.

25.2.1.3.1 Restart write bulk transfer
constraints

If there are no uncompleted write bulk transfer procedures

18

Replace table 40.

Add the following clauses:

25222 Request Type

The request type parameter is defined in 23.4.
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25.2.2.3 Transfer Number

The transfer number is defined in 13.15.

25.22.4 Last Transfer End Read Request

Tt r ot | toT-ts-dafimed-in

18.16.

25.2.2.5 Last Transfer End Read Response

Table 40 - F-RESTART parameters

ISO 8571-3:1988/Amd.2:1993 (E)

The last transfer end read response parameter is defined in

13.17.

25.2.2.6 Last Transfer End Write Request

The last transfer end write request parameter is defined in

40 40

TV. 1O,

25.2.2.7 Last Transfer End Write Respon

The last transfer end write response parameter is defined in

13.19.

Parameter F-RESTART F-RESTART F-RESTART F-RESTART
request indication response con
Checkpoint Mandatory Mandatory Mandatory Ma ory
identifier (=) (
Request type Conditional Conditional Conditional Conditional
(=) (
Transfer Mandatory Mandatory Mandatory Mandatory
number (=) (
Last transfer end read Conditional Conditional Conditional Condifional
request (Responder only) (=) (Initiator only) (
Last transfer end read Conditional Conditional Conditional Condifional
response (Initiator only) (=) (Responder only) (
Last transfer end write Conditional Conditional Conditional Conditional
request (Responder only) (=) (Initiator only) (
Last transfer end write Conditjonal Conditional Conditional Condifional
response (Initiator-only) (=) (Responder only) (=

19
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Annex A
Diagnostic parameter values

(This annex forms part of the standard.)

Amend table 48:
Table 48 - Access related diagnostics
Type Identifier Observer Source Reason
01 5nnn 5 5 Degree of overlap not
available
P2 5nnn 5 1 Transfer window -
too large
D 2 5nnn 5 1 Transfer window. -
too small
Ameng! table 49:
l Type I ldentifier [ Observer I Source | Reason
g12 Snnn 5 5 Degree of overlap not available

The identifiers 5nnn are the next numbers in.the sequence of identifiers for diagnostics.

20
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Relation of attributes to primitives

(This annex forms part of the standard.)

Amend table 51:

Table 51 - Activity attributes

Attribute Name

F-INITIALIZE

F-SELECT

F-CREATE

F-OPEN

F-READ
& F-WRITE

F-LOCATE
& F-ERASE

F-REC{

DVER

current degree
of overlap

change

char

ge

21
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Annex E
State transition diagrams

(This annex forms part of the standard.)

that illustrate the structure of the specifications
ntify those events that (may) result in a change in the

allowed behaviour l.e. the transition between LOTO$
processes (see note 1).

Note 1 - The notion of 'transition' between different processes i$
used in an informal manner for the purpose of this introduction. 4
transition relates to the situation in the LOTOS spegifications where
the use of a service primitive does not result in‘the same LOTO$
process being instantiated.

22
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Normalldle

XfrEndIdle

Read
DataXfridle

( Read

Initiator
1 - F-READ request 5 - F-TRANSFER-END request (Write)
2 - F-WRITE request 6 - F-TRANSFER-END confirm (Read)
3 - F-DATA-END indication 7 --F<TRANSFER-END confirm (Write)

4 - F-TRANSFER-END request (Read)

Responder
1 - F-READ indication 5 - F-TRANSFER-END indication (Write)
2 - F-WRITE indication 6 - F-TRANSFER-END response (Read)
3 - F-DATA-END request 7 - F-TRANSFER-END response (Write)

4 - F-TRANSFER-END indication (Read)

Figure 19 - A LOTOS (Process transition diagram for normal (non-overlapped) access
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D

1l
AITDIUIUIG

Write
4 DataXfridlg
Read 2
DataXfridle
1

—c
Read/Write)d K Write/Read

3 Read /Read @

(=N

Initiajor
1 - F-READ request 5 - F-TRANSFER-END request (Write)
2 - F-WRITE request 6 - F-TRANSFER-END confirm (Read)
3 - F-DATA-END indication 7 - F-TRANSFER-END confirm (Write)

4 - F-TRANSFER-END request (Read)

Resppnder
1 - F-READ indication 5 - F-TRANSFER-END indication (Write)
2 - F-WRITE indication 6 - F-TRANSFER-END response (Read)
3 - F-DATA-END request 7 - F-TRANSFER-END response (Write)

4 - F-TRANSFER-END indication (Read)

Figure 20 - A LOTOS Process transition diagram for consecutive access
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Readldle Writeldle

ot

Read

T |

nitiator
1 - F-READ request 5 “F-TRANSFER-END request (Write)
2 - F-WRITE request 6 - F-TRANSFER-END confirm (Read)
3 - F-DATA-END indication 7 - F-TRANSFER-END confirm (Write)

4 - F-TRANSFER-END request (Read)

Responder
1 - F-READ indication 5 - F-TRANSFER-END indication (Write)
2 - F-WRITE indication 6 - F-TRANSFER-END response (Read)
3 - F-DATA-END request 7 - F-TRANSFER-END response (Write)

4 - F-TRANSFER-END indication (Read)

1 8 2
7
1 XfrEndldle
e
7~ Write \ N\
4

DataXfridl
in :
%L/L
Writ

1 2

Figure .21 - LOTOS Process transition diagram for concurrent access

Note {Figure 21 uses the LOTOS operator " |||" to denote the concurrent execution of read and write operations.
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Annex F
Lotos specifications

(This annex forms part of the standard.)

The LOTOS specmcatlons in this annex specify the

Note 1 - The behaviour defined in the non-overlapped case is

ata 1rans Ol' SONOG pnm IVOS In the

of bulk data transfer service primitives for normal
erlapped), consecutive and concurrent overlapped
access|(see note 1). Figures 19, 20 and 21 illustrate the
structutie of the specifications and identify those events that
(may) fesult in a change in the allowed behaviour i.e. the
transitipn’ between LOTOS processes (see note 2).

equivalent to that for consecutive access, where the number of
transfers that may be uncompleted at any time is 1. Alsp, the
behaviour for concurrent access is equivalent to the interleaving of
consecutively overlapped read procedures with consecutivel
overlapped write procedures.

Note 2 - The notion of ‘transition' between different processes i
used in an informal manner for the purpose_ of'\this introduction. A
transition relates to the situation in the LOTQYS specifications wherg
the use of a service primitive does not(result in the same LOTO{
process being instantiated.
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Specification

he specification Initiator_External_Service specifies the sequence of service primitives in the external file service of the
nitiator, for the duration of the bulk data transfer regime, for normal, consecutive and concurrent overlapped access.*)

Initiator External Service[Iin,Iout,Local] axit

ata types

he specification imports the standard library definitions for the types Boolean and NaturalNumber, these are used to|defing
e following types:

endedNaturalNumber - this extends the definition of NaturalNumber to include the operation pred, which decrgmentg
al parameter of type Nat.

ileServicePrimitives - values are defined to represent the file service primitives/\Boolean operations are defingd thaj
entify a particular primitive e.g IsDataEndReq(transferEndReq)=false.

equestQueue, QueueElement - a queue is defined with operations: empty_(creates an empty queue), add (adds an
ement to the queue), tail (removes the first element on the queue), head (returns the value of the first element on the queue)
ast (returns the value of the last element on the queue), iIsEmpty (determines whether the queue is empty), remoyeLast
emoves the last element on the queus), size (determines the number of elements on the queuse), firstWriteReq (firjds the
st write request on a queue), removeReqs (removes all elements from the end of a queue, up to and including the firgt writg
@quest on the queue) and reverse (reverses the order of the elements on the queue). The elements of the queue are conjprised
a file service primitive and it’s transfer number.

ote - the firstWriteind and removeReqs operations are.required to support the cancellation of a write data transfer after thg
gceipt of an F-TRANSFER-END indication by the responder. Equivalent operations are not required for read data tfansfef
erations.

DegreeOfOverlap - values are defined for normal, consecutive and concurrent; boolean operations are defingd that
entify a given value.

nctionalUnits - values are defined 10 represent the selection of the Read, Write and the combination of the Read &
rite functional units; boolean operations are defined that identify a given value.

library
Bpolean,NaturalNumber
ehdlib

Lipa ExtendedNaturalNumber ia NaturalNumber
Qpna pred: Nat -> Nat

agns forall x:Nat

afaort Nat
pred (0) = 0;
pred (Succ(x)) = X;
endtype

Figure 22 - Initiator service definition
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Lypa FileServicePrimitives ia Boolean
acxrts FSPrim

apna null,
readReq,
writeReq,

deartaRed;
datalnd,
dataEndReq,
dataEndInd,
xfrEndReadReq,
xfrEndReadConf,
xfrEndWriteReq,
xfrEndWriteConf,
cancelReadReq,
cancelReadlInd,
cancelReadResp,
cancelReadConf,
cancelWriteReq,
cancelWritelnd,
cancelWriteResp,

cancelWriteConf: -> FSPrim

Mp: FSPrim -> Nat

isNull,

isReadReq,
isWriteReq,
isDataReq,
isDatalnd,
isDataEndReq,
isDataEndInd,
isXfrEndReadReq,
isXfrEndReadConf,
isXfrEndWriteReq,
isXfrEndWriteConf,
isCancelReadReq,
isCancelReadlInd,
isCancelReadResp,
isCancelReadConf,
isCancelWriteReq,
isCancelWritelInd,
isCancelWriteResp,

isCancelWriteConf: FSPrim -> Bool

aqoa forall fsp:FSPrim

aofsort Nat
Mp (null) = 0;
Mp (readReq) = Succ(0);
Mp (writeReq) = Succ (Mp (readReq));
Mp (dataReq) = Succ (Mp (writeReq));

Figure 22 (continued) - Initiator service definition
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Mp (datalnd) = Succ (Mp(dataReq));
Mp (dataEndReq) = Succ (Mp(datalInd));
Mp (dataEndInd) = Succ (Mp (dataEndReq)) ;
Mp (xf rEndReadReq) = Succ (Mp (dataEndInd));

Mp (xfrEndReadConf) = Succ (Mp(xfrEndReadReq));
Mp (xfrEndWriteReq) = Succ (Mp(xfrEndReadConf));

[ Mp(XITENAWTiTeConr) = SUCC(Mp (XTYEMAWriTeReqr T’
Mp (cancelReadReq) = Succ (Mp (xfrEndWriteConf));

Mp (cancelReadInd) = Succ (Mp (xfrEndWriteConf));
Mp (cancelReadResp) = Succ (Mp(cancelReadInd));
Mp (cancelReadConf) = Succ(Mp (cancelReadResp));
Mp(cancelWriteReq) = Succ(Mp(cancelReadConf));

Mp (cancelWriteInd) = Succ(Mp(cancelWriteReq));

isNull (fsp)
isReadReq(fsp)
isWriteReq (fsp)
isDatalInd (fsp)
isDataReq (fsp)
isDataEndInd(fsp)
isDataEndReq (fsp)
isXfrEndReadReq (fsp)
isXfrEndWriteReq (fsp)
isXfrEndReadConf (fsp)
isXfrEndWriteConf (fsp)
isCancelReadInd (fsp)
isCancelReadReq (fsp)
isCancelReadConf (fsp)
isCancelReadResp (fsp)
isCancelWriteInd (fsp)
isCancelWriteReq(fsp)
isCancelWriteConf (fsp)
isCancelWriteRespi(fisp)

saorts Element
Spng nullEl:

Mp (cancelWriteResp) = Succ(Mp(cancelWriteInd));
Mp (cancelWriteConf) = Succ (Mp (cancelWriteResp));
afaort Bool

= Mp(fsp) eq Mp(null);

= Mp (fsp) eq Mp(readReq);

= Mp (fsp) eq Mp(writeReq);

= Mp (fsp) eq Mp(datalnd);

= Mp (fsp) eq Mp(dataReq);

= Mp (fsp) eq Mp(dataEndInd);

= Mp(fsp) eq Mp(dataEndReq);

= Mp (fsp) eq Mp(xfrEndReadReq);

= Mp(fsp) eq Mp(xfrEndWriteReq);

= Mp(fsp) eq Mp (xfrEndReadConf);

= Mp (fsp) eq Mp(xfrEndWriteConf);
= Mp (fsp) eg\Mp(cancelReadInd);

= Mp (fsp){eq Mp(cancelReadReq);

= Mp (fsp) eq Mp(cancelReadConf);

= Mp\(fsp) eq Mp(cancelReadResp):;

= Mp (fsp) eq Mp(cancelWritelnd);

= Mp(fsp) eq Mp(cancelWriteReq);
= Mp (fsp) eq Mp(cancelWriteConf);
= Mp(fsp) eq Mp(cancelWriteResp);

Lvpa QueueElement g\ \FileServicePrimitives,Boolean, ExtendedNaturalNumber

-> Element

makeEl: FSPrim,Nat -> Element
number : Element -> Nat
prim: Element -> FSPrim
ISNUITETT Element =2 BOOL

afsort FSPrim

aqgona forall fsp:FSPrim,tn:Nat,q_el:Element

prim(makeEl (fsp,tn)) = fsp;

prim(nullEl) = null;
afszort Nat

number (nullEl) = 0;

number (makeEl (fsp, tn)) = tn;

Figure 22 - (continued) Initiator service definition
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ofsoxt Bool
isNullEl (nullEl) = true;
isNullEl(q_el) = isNull (prim(q_el));
ofsort Element
makeEl (null, 0) = nullEl;
andtypa
Lypa R4questQueue ia QueueElement, Boolean, ExtendedNaturalNumber
Queue
m empty: => Queue
add: Element, Queue -> Queue
tailof: Queue ~> Queue
head: Queue -> Element
last: Queue -> Element
isEmpty: Queue -> Bool
removelast: Queue => Queue
size: Queue -> Nat
firstWriteReq: Queue -> Element
removeReqs: Queue => Queue
reverse: Queue => Queue
forall x,y:Element,q:Queue
I:::x: Element
head (empty) = nullEl;
head (add (x, empty) ) - X;
head (add (x,add (y,q))) = head (add (y, g\
last (empty) = nullEl;
last (add (x,empty)) = X;
last (add(x,q)) = X7
firstWriteReq (empty) = nullEl;
isWriteReq(prim(head(q)))
=> firstWriteReq(q) = head(q);
not (isWriteReq (prim(head(q)))
=> firstWriteReq/(q) = firstWriteReq(tailOf (q))
sfsoxt Queue

tailof (empty) =lempty;
tailOf (add (x,empty)) = empty;

tailOf (add(x,q)) = add(x,tailOf(q)):
add (nu¥1Elyq) = q;

removelast (empty) = empty;
remoyeLast (add (x,q)) = q;

removeReqgs (empty) = empty;
isWriteReq(prim(head(q)))

=> removeRegs (q) = empty;

not (isWriteReq (prim(head(q))))

=> removeReqs (q) =reverse (add (head (q), removeReqgs (tailOf(q)))):

afasort Bool
isEmpty (empty) = true;
isEmpty (add(x,q)) = false;

afasort Nat

30
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size (empty) = 0;
size(add(x,q)) = Succ(size(q));

endtype
Lypa DegreeOfOverlap ia Boolean

aorts Overlap
apna normal: -> Overlap

consecutive: -> Overlap
concurrent: -> Overlap
isNormal: Overlap -> Bool
isConsecutive: Overlap -> Bool

isConcurrent: Overlap -> Bool

agns forall degree:Overlap
ofsort Bool

isNormal (normal) = true;
isNormal (consecutive) = false;

isNormal (concurrent) = false;

isConsecutive (normal) = false;
isConsecutive (consecutive) = true;

isConsecutive (concurrent) = false;

isConcurrent (normal) = false;
isConcurrent (consecutive) = false;
isConcurrent (concurrent) = true;

ehdtype

Lipa FunctionalUnits is Boolean

sorte FUnits

opna setRead: -> FUnits
setWrite: -> FUnits
setReadWrite: -> FUnits
isAvailableRead: FUnits -> Bool

isAvailableWrite:/FUnits -> Bool

agna forall x:FUnits
ofsort”Bool
isAvailableRead (setRead) = true;
isAvailableRead (setWrite) = false;
isAvailableRead (setReadWrite) = true;

isAvailableWrite (setRead) = false;

isAvailableWrite (setWrite) = true;

1sAvallableWrite (se eal r = v

endtype

-

Behaviour

All events occur at the gates lin, lout or Local. Events at the gate lin represent receipt of file service primitives by the ﬁlé
ervice provider; events at the gate lout represent file service primitives that are issued to the file service user by the file servicq
Erovider. The events at the gate Local establish the bounds on the behaviour of the file service i.e. the degree of overlap

Figure 22 - (continued) Initiator service definition
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he functional units available and, it overlapped access is allowed, the maximum number of request that may be outstanding

The sequence of primitives allowed in the external file service is specified by the behaviour the process Normalldle
Consecutiveldie or Concurrentldle (chosen on the basis of the degreeOfOverlap, established by an event at the gatg
Local).

)

behaviqur

Local?degree:Overlap;

([isNdrmal (degree) ] ~>

LocalPPfunctionalUnits:FUnits;
NormallIdle([Iin, Iout] (functionalUnits)

]

[isCdnsecutive (degree) ]->
LocalRfunctionalUnits:FUnits?maxRequests:Nat;

CorjsecutiveIdle[Iin, Iout] (functionalUnits,maxRequests)

[isCqncurrent (degree) ] ->
Localj?functionalUnits:FUnits?maxRequests:Nat;

CorjourrentIdle[Iin, Iout] (functionalUnits, maxRequests)

Wwhere

(.

proces$ Normalidie

This prpcess specifies the allowed behaviour whe overlapped access is not in use. This point represents the completion of
the ex¢hange of F-OPEN primitives.
)

broceak NormallIdle[Iin, Iout] (fuhctionalUnits:FUnits) axit:=

(* If tt:jppropriate functional unitisavailable, the file service user may issue an F-READ requestor an F-WRITE request. The request becomes thg
current| data transfer. *)

( [isAvailableRead{functionalUnits)]->
Iinifsp:FSPrim[isReadReq(fsp)];
Read([Iin, Iout)]
(lormalyfunctionalUnits, Succ(0), Succ(0),makeEl (fsp, Succ(0)), Succ(0),empty, empty, empty)

(1

[{isAvailableWrite (functionalUnits) ]->
Iin?fsp:FSPrim([isWriteReq(fsp)];
Write[Iin, Iout])
(normal, functionalUnits, Succ(0),Succ(0),makeEl (fsp, Succ(0)),Succ(0),empty, empty, empty)

P>

Figure 22 (continued) - Initiator service definition
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(* Upon completion of the previous bulk data transfer the file service user may issue an F-READ or F-WRITE request (as specified by the proces:
Normalldle) ormay exit the specification (i.e. initiate an exchange of F-CLOSE primitives). This pointinthe specification represents the data transfe
jdle state. *)

( Normalldle([Iin, Iout] (functionalUnits)

exit

Badoros (* Neormalldlex)

W}
N

pfocess Consecutiveldle

This process specifies the allowed behaviour when consecutive overlapped access) is in use. This point represerjts the
completion of the exchange of F-OPEN primitives.

proceas ConsecutiveIdle[Iin, Iout] (functionalUnits:FUnits,maxRequést's:Nat) axit:=

[*[If the appropriate functional unitis available, the file service user may issue anF-READ requestor an F-WRITE request. The request becomes theg
cyrrent data transfer. *)

[isAvailableRead (functionalUnits)]~->
Iin?fsp:FSPrim?tn:Nat [isReadReq(fsp) and (tn eq Suec(0))];
Read(Iin, Iout]

(consecutive, functionalUnits, maxRequests, tn;makeEl (fsp, tn),tn, empty, empty, empty)
]
[isAvailableWrite (functionalUnits)J]->
Iin?fsp:FSPrim?tn:Nat [isWriteReq(fsp) and (tn eq Succ(0))];

Write[Iin, Iout]

(consecutive, functionalUnits, maxRequests, tn,makeEl (fsp,tn),tn,empty, empty, empty)

w|

e

Upon completionof all outstanding data transfers the file service user may exit the specification (i.e. initiate an exchange of F-CLOSE primitives)
bt may issue@n)F-READ or F-WRITE request (as specified by the process Consecutiveldle) . This point in the specification represents the datg
Irainsfer idie state for consecutive access. *)

( Consecutiveldle([Iin,Iout] (functionalUnits,maxRequests)

(]

exit

Rndproc (* Consecutiveldle¥)

Figure 22 - (continued) Initiator service definition
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process Concurrentidie

This process specifies the allowed behaviour when concurrent overlapped access is in use. This point represents thg
completion of the exchange of F-OPEN primitives.

)

ConcurrentlIdle[Iin, Iout] (functionalUnits:FUnits,maxRequests:Nat) axit:=
* The fije service user may issue an F-READ or F-WRITE request. *)

Iin?fpp:FSPrim?tn:Nat[ ((isAvailableRead (functionalUnits) and isReadReq(fsp)) or (isAvailableWrite (functionalUnits))
pnd isWriteReq(fsp))) and (tn eq Succ(0))];

* The réquest for a data transfer becomes the current read or write data transfer as appropriate. Read data transfers will be performed concurrently
with any write data transfers that are subsequently requested. *)

( ( [ipAvailableRead(functionalUnits) and isReadReq(fsp)]->

Read[Iin, Iout] (concurrent,functionalUnits,maxRequests, tn,makeEl (fsp, tn)tn, empty, empty,empty)

>p ReadIdle([Iin,Iout] (functionalUnits,maxRequests)

( [igAvailableWrite (functionalUnits) and isWriteReq(fsp)]=>

Write([Iin, Iout] (concurrent, functionalUnits,maxRequests,tn,makeEl (fsp,tn), tn,empty,empty, empty)

>p WriteIdle[Iin, Iout] (functionalUnits,maxRequests)

11
(* The fjle service user may issue an F-READ or F-WRITE request depending on the type of the data transfer that was first requested. *)

( [1sAvailableWrite (functiionalUnits) and isReadReq(fsp)]->

Writeldle[Iin, Iout \(functionalUnits, maxRequests)

(1

—

isAvailableRead (functionalUnits) and isWriteReq(fsp)]->
ReadIdle(Iin, Iout] (functionalUnits, maxRequests)

b>

* The file service user has the opportunity to exit the specification. Alternatively, further data transfers may be requested, as specified by procesq
Concurrentidle. This represents the data transfer idle state. *)

( ConcurrentIdle([Iin,Iout] (functionalUnits,maxRequests)

Figure 22 (continued) - Initiator service definition
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exit

Where

process Readldle

This process specifies the behaviour for the progress of read data transfers.

process ReadIdle[Iin,Iout] (functionalUnits:FUnits,maxRequests:Nat) :axit:=

The file service user may issue an F-READ request, this request will become the current read data transfer.*)
( Iin?fsp:FSPrim?tn:Nat [isReadReq(fsp) and (tn eq Succ(0))];

Read[Iin, Iout]

(concurrent, functionalUnits,maxRequests, tn,makeEl (fsp, tn), tn,empty, empty, empty)

>> ReadIdle[Iin,Iout] (functionalUnits,maxRequests)
)

[]
exit

andproc (*ReadIdle*)

4

grocess Writeldle

The process specifies the behaviour for.the progress of write data transfers.
o

procass WriteIdle([Iin, Iout)(functionalUnits:FUnits,maxRequests:Nat) :@axik:=

[1 The file service user may issue-an F-WRITE request, this request will become the current write data transfer. *)

( Iin?fsp:FSPrim2tn:Nat [isWriteReq(fsp) and (tn eq Succ(0))];

Write [Iin, Fout] (concurrent, functionalUnits, maxRequests,tn,makeEl (fsp,tn),tn,empty, empty, empty)

>> WriteIdle([Iin, Iout] (functionalUnits,maxRequests)
)

(]

exit

andproc (*WritelIdlex)

Rrodproc (*ConcurrentIdle*)

Figure 22 - (continued) Initiator service definition
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process Read

This process specifies the behaviour for the current read data transfer in the case where there are no outstanding requesty
pbn the requestQ.
)

process n--d[Tin' Iout]
(degree:Overlap, functionalUnits:FUnits, maxRequests,tnCounter:Nat,

current :Element, reqOutstanding:Nat, reqQ, dataEndQ, xfrEndQ:Queue) :@xit:=
[* An F-DJATA indication may be issued to the file service user.”)

Iout?2fsp:FSPrim[isDataInd(fsp)];
Read([in, Iout]
(degree,functionalUnits,maxRequests,tnCounter,current,rerutstanding,rqu,dataEndQ,xfrEndQ)

[]

(* An F-DATA-END indication may be issued to the file service user. The type and transfer number of the current read data transfer is added to thg
dataEndQ. *)

Iout?fpp:FSPrim[isDataEndInd(fsp)];
ReadDataXfrIdle[Iin, Iout]
(degkee, functionalUnits,maxRequests, tnCounter,

nullfl, reqOutstanding, reqQ, add (current, datakEndQ) , xfrEndQ)

(]

(* IfoveTpped access is in use and the number of outstanding requests has not exceeded the maximum, then the file service user may issue an F
READ request. If consecutive access is in use and the Write functionalunit has been negotiated then the file service user may issue an F-WRITE
foquest.[The type and transfer number of the request is added 10 the requestQ and the number of outstanding requests is incremented. T
Bubsequent behaviour is dependant on the type of the request. )

[not (i|]sNormal (degree)) and (reqOutstanding\}t maxRequests)]->

( Iih?fsp:FSPrim?tn:Nat [isReadReq(fsp).and (tn eq (tnCounter+Succ(0)))];
RepdRead[Iin, Iout]
(dpgree, functionalUnits, maxRequests, tn,

cugrent, Succ (reqOutstanding),add (makeEl (fsp, tn), reqQ),dataEndQ, xfrEndQ)

[isAjailableWrite{functionalUnits) and isConsecutive (degree)]->
Iin?[fsp:FSPrim?tniNat [isWriteReq(fsp) and (tn eq (tnCounter+Succ(0)))];
ReadWrite [Iin, Iout]
(dpgree,functionalUnits, maxRequests,tn,

cufrert, Succ (reqOutstanding), add (makeEl (fsp, tn), reqQ),dataEndQ, xfrEndQ)

(]

[* The file service user may issue an F-TRANSFER-END request for the data transfer at the head of the dataEndQ. The data transfer is removed
from the dataEndQ and added to the xfrEndQ. *)

[not (1sEmpty (dataEndQ)) ]->
Iin?fsp:FSPrim?tn:Nat [isXfrEndReadReq (fsp) and (tn eq number (head(dataEndQ)))];
Read[Iin, Iout]

Figure 22 (continued) - Initiator service definition
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(degree, functionalUnits,maxRequests, tnCounter,

current, reqOutstanding, reqQ, tailOf (dataEndQ),add (head (dataEndQ), xfrEndQ))

(]

* An F-TRANSFER-END confirm may be issued to the file service user for the data transfer at the head of the xfrEndQ. The data transfer is removed

ffom the xfrEndQ. *)

[not (isEmpty (xfrEndQ)) ]->

Iout?fsp:FSPrim?tn:Nat [isXfrEndReadConf (fsp) and (tn eq number (head (xfrEndQ)))];
Read[Iin, Iout]

(degree, functionalUnits,maxRequests, tnCounter,

current,pred (reqOutstanding), reqQ, dataEndQ, tailOf (xfrEndQ))

([ The initiating file service user may issue an F-CANCEL request for the data transfer at the head of the dataEndQ. If this is empty the
the file service user for the current data transfer. *)
Fntorrupt[lin,lout](degree,functionalUnits,maxRequests,tnCounter,current,dataEndQ,xfrEndQ)

Hodproc (* Read *)

(t

process ReadRead

J$ also a read. The behaviour is only allowed if consecutive or concurrent access is in use. )

process ReadRead[Iin,Iout] (degree:Overlap;functionalUnits:FUnits,maxRequests,tnCounter:Nat,
current:Element, reqOutstanding:Nat, reqQ, dataEndQ, xfrEndQ:Queue) :axit:=-

[| An F-DATA indication may be issued to the file service user for the current data transfer. *)
[out?fsp:FSPrim(isDataInd(fsp)];:

ReadRead|[Iin, Iout]

(degree, functionalUnits, maxRequests, tnCounter, current, reqOutstanding, reqQ, datakEndQ, xfrEndQ)

ataEndQ; the request at the head of the dataEndQ becomes the current data transfer. The subsequent behaviour is determined on
the request that will now be at the head of the requestQ. *)

An F-DATA-END indication may be issued to the file service user for the current data transfer. The current data transfer is addeu[ieto

o

This process specifies the behaviour in the case where the current transfer is a read and the next requested data transfer

LUuL:fDP-FJPLiIII {J‘LSDGL—GEIIM‘\ILIG (l’.Dy; ] ’
( [isWriteReq(prim(head(tailOf (regQ))))]->
ReadWrite[Iin, Iout] (degree, functionalUnits,maxRequests, tnCounter,

head (regQ), reqOutstanding, tailOf (reqQ),add (current,dataEndQ), xfrEndQ)

(]

[isReadReq(prim(head (tailOf (reqQ))))1->
ReadRead[Iin, Iout] (degree, functionalUnits, maxRequests, tnCounter,

head (reqQ), reqOutstanding, tailOf (reqQ),add (current,dataEndQ), xfrEndQ)

h the fild
rvice user may issue an F-CANCEL request for the current data transfer. If the dataEndQ is empty then an F-CANCEL indication may bp issued

Figure 22 - (continued) Initiator service definition
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[

[isEmpty (tailOf (reqQ)) ]->
Read[Iin, Iout] (degree, functionalUnits,maxRequests,tnCounter,

head (reqQ), reqOutstanding, tailOf (reqQ),add (current,dataEndQ), xfrEndQ)

[
requests for read data transfers may be requested if the number of requests outstanding does not exceed the maximum. Writé requests may

[* Fu
Iso be réquested only if consecutive access is in use and the write functional unit is available. The type and transfer number of the request s added
the requestQ*)

[reqOutstanding 1t maxRequests] ->
( Iin?fsp:FSPrim?tn:Nat[isReadReq(fsp) and (tn eq (tnCounter+Succ(0)))];

ReadRead [Iin, Iout]
(de¢gree, functionalUnits, maxRequests,tn,

cugrent, Succ (reqOutstanding),add (makeEl (fsp, tn), reqQ),datakEndQ, xf rEndQ)

[isAyailableWrite (functionalUnits) and isConsecutive (degree)]->

Iin?fsp:FSPrim?tn:Nat [isWriteReq(fsp) and (tn eq (tnCounter+Suce(0)})]:

ReadRead[Iin, Iout]
(d¢gree, functionalUnits, maxRequests,tn,

cufrent, Succ (reqOutstanding),add (makeEl {(fsp, tn), reqQ), dataEndQ, xfrEndQ}

service user may issue an F-TRANSFER-END request for the data transfer at the head of the dataEndQ. The head of the dataEndQ
js removpd and added to the xfrEndQ. *)

bsremov )

[not (iBEmpty(xfrEndQ))]1->

Iout?flsp+ESPrim?2tn:Nat [isXfrEndReadConf (fsp) and (tn eq number (head (xfrEndQ)))];

ReadRead[Iin, Iout] (degree, functionalUnits, maxRequests, tnCounter,

current,pred (reqOutstanding), reqQ,dataEndQ, tailOf (xfrEndQ))

0]

[* The initiating file service user may issue an F-CANCEL for the data transfer atthe head of the dataEndQ. If this is empty then the file service useq
may issue an F-CANCEL request for the current read data transfer. If the dataEndQ is empty then an F-CANCEL indication may be issued to th

file service user for the current read data transfer. *)

Figure 22 (continued) - Initiator service definition
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Interrupt [Iin, Iout] (degree, functionalUnits, maxRequests, tnCounter, current,dataEndQ, xfrEndQ)

Rndproc (* ReadRead *)

*

[ocess ReadWrite

e

— O

his process specifies the behaviour in the case where the current transfer is a read and the next requested data transfes
a write. The behaviour is only allowed if consecutive access is in use. *)

(7]

piocess ReadWrite[Iin,Iout] (degree:Overlap,functionalUnits:FUnits,maxRequests,tnCounter:Nat,
current:Element, reqOutstanding:Nat, reqQ,dataEndQ, xfrEndQ:Queue) :axit:=

(lnot (isNullEl (current))]->

An F-DATA indication may issued to the file service user for the current data transfer. *)

(| Iout?fsp:FSPrim[isDataInd(fsp)];
ReadWrite[Iin, Iout]

(degree, functionalUnits, maxRequests, tnCounter, current, reqOutstanding, reqQ, dataEndQ, xf rEndQ)

{1

-

An F-DATA-END indication may be issued to the file service user for the current read data transfer. The current read data transfer is added tq
the dataEndQ and the current data transfer becomes null. *)

Iout?fsp:FSPrim([isDataEndInd (fsp)];
ReadWrite[Iin, Iout] (degree, functionalUnits,maxRequests, tnCounter,
nullEl, reqOutstanding, reqQ, add (current, dataEndQ) , xfrEndQ)

(]

[* [The file service user may issue an F;:TRANSFER-END request for the (read) data transfer that is at the head of the dataEndQ. The headi of thﬁ
dataEndQ is removed and added to the xfrEndQ.

f dataEndQ is empty and there is no current data transfer, then the head of the requestQ becomes the current data transfar. Thj
L sequent behaviour is determined on the basis of the type of the request that is now at the head of the requestQ. if however, there is a qurren
ta transfer, or the dataEndQ is not empty, then the behaviour is specified by process ReadWrite. *)

[pot (isEmpty (dataEndQ)) ]->

—

in?fsp:FSPrim?tn:Nat (isXfrEndReadReq(fsp) and (tn eq number (head(dataEndQ)))];
(| (isEmpty (tailOf (dataEndQ)) and isNullEl (current)]->
(~[1isReadReq (prim (head (tailOf (reqQ))))]1->

MriteaRaad[Tin Tout]

(degree, functionalUnits,maxRequests, tnCounter,

head (reqQ), reqOutstanding, tailOf (reqQ), tailOf (dataEndQ), add (head (dataEndQ), xfrEndQ))
(]

[isWriteReq (prim(head (tailOf (reqQ))))]->
WriteWrite[Iin, Iout]
(degree, functionalUnits,maxRequests, tnCounter,

head (reqQ), reqOutstanding,tailOf (reqQ), tailOf (dataEndQ), add (head(dataEndQ), xfrEndQ))
Figure 22 - (continued) Initiator service definition
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(]

[isEmpty (tailOf (reqQ))]->
Write([Iin, Iout] (degree, functionalUnits,maxRequests,tnCounter,
head (reqQ), reqOutstanding, tailOf (reqQ), tailOf (dataEndQ), add (head (dataEndQ), xfrEndQ))

(1

[nqt (1sEmpty (tailOf (dataEndQ))) or not (isNullEl (current))]->
ReadWrite(Iin, Iout]

degree, functionalUnits, maxRequests, tnCounter,

clirrent, reqOutstanding, reqQ, tailof (dataEndQ),add (head (dataEndQ), xfrEndQ))

[1
* The fije service user may issue an F-WRITE or F-READ request. The type and transfer number of tHe'request is added to the requestQ *)

[reqOptstanding 1t maxRequests]->

Iin?fpp:FSPrim?tn:Nat [ (isReadReq(fsp) or isWriteReq(fsp)) and (tn eq (tpCounter+Succ(0)))];
ReadWrite([Iin, Iout]
(deqree, functionalUnits, maxRequests, tn,

currpnt, Succ (reqOutstanding),add (makeEl (fsp, tn), reqQ),dataEndQ,xfrEndQ)
(]

h"eAn F-TRANSFER-END confirm may be issued to the file service uset.for the data transfer at the head of the xfrEndQ. The head of the xfrEndQ i§
nremoved. *)

[not (}sEmpty (xfrEndQ) ) ]->

Iout?fsp:FSPrim?tn:Nat [isXfrEndReadConf (fsp)sand (tn eq number (head (xfrEndQ)))]:;
ReadWrite([Iin, Iout])
(degree, functionalUnits,maxRequests;tnCounter,

current,pred (reqOutstanding), reqQ,dataEndQ, tailOf (xfrEndQ))

[]
(* If the [dataEndQ is empty thén the file service user may issue an F-CANCEL request for the current read data transfer and an F-CANCEL

ndicatign may be issued tothe-file service user for the current read data transfer. If the dataEndQ is not empty then the file service user may issugf
Ln F-CANCEL request for'the read data transfer at the head of the dataEndQ. *)

Interrpappt [Iin, Jout] (degree, functionalUnits, maxRequests, tnCounter, current,dataEndQ, xfrEndQ)

.ndpxgr (* ‘ReadWrite *)

-

process ReadDataXfridle

The process specifies the behaviour where there are no data transfer requests on the requestQ and there is no current datg
fransfer in progress. *)

procass ReadDataXfrIdle[Iin, Iout] (degree:Overlap, functionalUnits:FUnits,

maxRequests, tnCounter:Nat, current:Element, reqOutstanding:Nat, reqQ, dataEndQ,

Figure 22 (continued) - Initiator service definition
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xfrEndQ:Queue) :qaxift:=

[* The file service user may issue an F-TRANSFER-END request for the (read) data transfer at the head of the dataEndQ. The head of theq
HataEndQ is removed and added to the xfrEndQ. The subsequent behaviour is dependant on whether the dataEndQ is empty. *)

Iin?fsp:FSPrim?tn:Nat [isXfrEndReadReq(fsp) and (tn eq number (head(dataEndQ)))];

[1sEmpty (tai1l01 (datakEndQj) J=>
ReadXfrEndIdle(Iin, Iout]

(degree, functionalUnits,maxRequests, tnCounter,

current, reqOutstanding, reqQ, tailOf (dataEndQ),add (head (dataEndQ), xfrEndQ))

(]

[not (1sEmpty (tailOf (dataEndQ)))]->

ReadDataXfrIdle[Iin, Iout]
(degree, functionalUnits, maxRequests, tnCounter,
current, reqOutstanding, reqQ, tailOf (dataEndQ), add (head (dataEndQ), xfrEndQ) )

*|If overlapped access is in use then the file service user may issue an F-READ request.If consecutive access is in use then the user may i
WRITE request. A request for a read data transfer will become the current datatransfer with subsequent behaviour specified in proce
request for a write data transfer is added to the requestQ and subsequent.behaviour is specified by process ReadWrite. *)

2 B

not (isNormal (degree)) and (reqOutstanding lt maxRequests)]->
Iin?fsp:FSPrim?tn:Nat [isReadReq(fsp) and (tn eq (tn€ounter+Succ(0)))];
Read[Iin, Iout])
(degree, functionalUnits, maxRequests, tn,
makeEl (fsp, tn), Succ(reqOutstanding), reqQ, dataEndQ, xfrEndQ)

[}

[isAvailableWrite (functionalUnits),"and isConsecutive (degree)]->
Iin?fsp:FSPrim?tn:Nat [isWriteReq(fsp) and (tn eq (tnCounter+Succ(0)))];
ReadWrite[Iin, Iout]
(degree, functionalUnitsjmaxRequests, tn,
current, reqOutstanding;add (makeEl (fsp, tn), reqQ),dataEndQ, xfrEndQ)

An F-TRANSFER-END confirm may be issued to the file service user for the data transfer at the head of the xfrEndQ. The data transferis re

From the head of the xfrEndQ. *)

3

noty(isEmpty (xfrEndQ))]1->
Iout?Tsp:FSPrim tn:Nat [1SXITENdReadConr (I5p) and (T eq numper (head (X TEmaQ)y )17
ReadDataXfrIdle[Iin, Iout]

(degree, functionalUnits, maxRequests, tnCounter,
current,pred(reqOutstanding), reqQ, dataEndQ, tailOf (xfrEndQ))

()
[* The file service user may issue an F-CANCEL request for the read data transfer at the head of the dataEndQ. *)

sue an
Read

moved
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Interrupt [Iin, Iout] (degree, functionalUnits,maxRequests, tnCounter, current,datakEndQ, xfrEndQ)

Rndproc (* ReadDataXfrldle *)

ss specifies the behaviour when there is no current data transfer and the dataEndQ is empty. )

ReadXfrEndIdle([Iin, Iout]
(degree:Overlap, functionalUnits:FUnits,maxRequests, tnCounter:Nat,

current:Element, reqOutstanding:Nat, reqQ, dataEndQ, xfrEndQ:Queue) :axift:=

* An F-TRANSFER-END confirm may be issued to the file service user for the data transfer at the head of the xfrEndQ. The data transfer is removed
from the [xfrEndQ. If the xfrEndQ is empty then the process may exit. *)

Iout?flsp:FSPrim?tn:Nat [isXfrEndReadConf (fsp) and (tn eq number (head(xfrEndQ)))];
([isEmpty (tailOf (xfrEndQ))]->
exit

(1

[not (fsEmpty (tailOf (xfrEndQ)))]->
ReadXfrEndIdle([Iin, Iout]
(degree, functionalUnits,maxRequests, tnCounter,

nullEl, pred(reqOutstanding),empty,empty, tailOf (xfrEndQ))

]

(* If overl access is in use then the file service user may issue an F-READ request. If consecutive access is in use then the user may issue ar
F-WRITIE request. A request for a read or write data transfer will become the current data transfer. The subsequent behaviour is dependant on thq

type of the request. *)

[not (iJsNormal (degree)) and (reqOutstanding lt maxRequests)]->

( Iin?ffsp:FSPrim?tn:Nat [isReadReg(fsp) and (tn eq (tnCounter+Succ(0)))];
Redd[Iin, Iout]
(dggree, functionalUnits maxRequests,tn,

makeEl (fsp, tn), Succ (regdutstanding), reqQ, dataEndQ, xf rEndQ)

(]

[isAyailableWrite (functionalUnits) and isConsecutive (degree)]->
Iin?ffsp:FSPrim?tn:Nat [isWriteReq(fsp) and (tn eq (tnCounter+Succ(0)))];
Write[Iin, Iout]

(degree, functionalUnits, maxRequests, tn,

makeEl (fsp, tn), Succ (reqOutstanding), reqQ, dataEndQ, xfrEndQ)

Rodproc (* ReadXfrEndIdle *)

(ﬁ
process Write

Figure 22 (continued) - Initiator service definition
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)

is process specifies the behaviour for the current write data transfer in the case where there are no outstanding requestg
pn the requestQ.

broceas Write[Iin, Iout]

(degree:Overlap, functionalUnits:FUnits, maxRequests,tnCounter:Nat,
CUrrencsLrl 7 4 7 7 7 4 14 =

not (1sNullEl(current))]->

The file service user may issue an F-DATA request. *)

Iin?fsp:FSPrim[isDataReq(fsp)];
Write[Iin, Iout]

(degree, functionalUnits,maxRequests, tnCounter, current, reqOutstanding, reqQ, dataEndQ,xfrEndQ)

(]

The file service user may issue an F-DATA-END request. The current data transfer is added to-the dataEndQ and the current data
becomes null. *)

transfer

Iin?fsp:FSPrim(isDataEndReq(fsp)];
Write[Iin, Iout]

(degree, functionalUnits, maxRequests, tnCounter,

nullEl, reqOutstanding, reqQ, add (current, dataEndQ), xfrEnd@)

r

The file service user may issue an F-TRANSFER-END réquest for the (write) data transfer at the head of the dataEndQ. The data trgnsfer ig
moved from the dataEndQ and added to the xfrEndQ:'*)

not (isEmpty (dataEndQ))]->

[in?fsp:FSPrim?tn:Nat [isXfrEndWrifeReq(fsp) and (tn eq number (head(dataEndQ)))];
WriteDataXfrIdle[Iin, Iout]

(degree, functionalUnits, maxRequests, tnCounter,

current, reqOutstanding, reqQ,tailof (dataEndQ),add (head (dataEndQ), xfrEndQ))

4

If overlapped accessisin use and the number of outstanding requests has not exceeded the maximum, then the file service user may iss
rite request. If consecutive access is in use and the Write functional unit has been negotiated then the file service user may issue an

-READ
réquest. The type and transfer number of the request is added to the requestQ, and the number of outstanding requests is incremen
L bsequent behaviour is dependant on the type of the request. *)

[not (isNormal (degree)) and (reqOutstanding lt maxRequests)]->

P NS Y dfke : LR T ) \ it oy Lek L]
(T IsAavarraprereac(runctromarorrts)—ana rstonsecutrvetaegree )

Iin?fsp:FSPrim?tn:Nat [isReadReq(fsp) and (tn eq (tnCounter+Succ(0)))];
WriteRead[Iin, Iout]

(degree, functionalUnits,maxRequests, tn,

current, Succ (reqOutstanding), add (makeEl (fsp, tn), reqQ) ,dataEndQ, xf rEndQ)
[]

Iin?fsp:FSPrim?tn:Nat [isWriteReq(fsp) and (tn eq (tnCounter+Succ(0)))];
WriteWrite[Iin, Tout]
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(degree, functionalUnits, maxRequests, tn,
current, Succ (reqOutstanding),add (makeEl (fsp, tn), reqQ),dataEndQ, xfrEndQ)

[not (1sEmpty (xfrEndQ)) ] ->
Iout?fsp:FSPrim?tn:Nat [ ( (isXfrEndReadConf (fsp) and isReadReq (prim (head (xfrEndQ))))

or (isXfrEndWriteConf (fsp) and isWriteReq(prim(head (xfrEndQ)))))
and| (tn eq number (head (xfrEndQ)))];
Write(Iin, Iout]

(dedree, functionalUnits,maxRequests, tnCounter,

curyent, pred(reqOutstanding), reqQ,dataEndQ, tailOf (xfrEndQ))

(]

[* The file service user may issue an F-CANCEL request for the current write data transfer. An F-CANCEL request may be issued to the file servi
user for|the first write data transfer on the xfrEndQ. If there is no write data transfer on the xfrEndQthen an F-CANCEL request may be issued t
}he file $ervice user for the data transfer at the head of the datakEndQ, or if this is empty, the-current data transfer. *)

Interxppt [Iin, Iout] (degree, functionalUnits, maxRequests, tnCounter,current,dataEndQ, xfrEndQ)

Rodprok (* Write *)

(i
process WriteWrite

This prpcess specifies the behaviour in the case wherethe current data transfer is a write and the next requested data transfe}|
Js also|a write. The behaviour is only allowed if\consecutive or concurrent access is in use. *)

pbrocass WriteWrite[Iin, Iout]
(degree:Overlap, functionalUnits:FUnits, maxRequests, tnCounter:Nat,

current:Element, reqOGtstanding:Nat, reqQ, dataEndQ, xfrEndQ:Queue) :@xif:=

[not (§sNullEl (current)) ]->
(

[* The file service user may'issue an F-DATA request for the current data transfer. *)

Iinqfsp:FSPrim[isDataReq(fsp)];
WriteWrite[Iin, Iout]
(d¢grée, functionalUnits, maxRequests, tnCounter, current, reqOutstanding, reqQ, dataEndQ, xf rEndQ)

(]

[* The file service user may issue an F-DATA-END request for the current data transfer. The current data transfer is added to the dataEndQ and
fhe current data transfer becomes nuil. *)

Iin?fsp:FSPrim[isDataEndReq(fsp)];
WriteWrite([Iin, Iout] (degree, functionalUnits, maxRequests, tnCounter,
nullEl, reqOutstanding, reqQ, add (current, dataEndQ), xfrEndQ)

Figure 22 (continued) - Initiator service definition
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(1

[* The file service user may issue an F-TRANSFER-END request for the data transfer at the head of the dataEndQ. The head of the dataEndQ
s removed and added to the xfrEndQ. The subsequent behaviour is dependant on the request at the head of the requestQ; the current datg
ansfer remains null. *)

[not (1sEmpty (dataEndQ)) ]->
[in?fsp:FSPrim?tn:Nat [isXfrEndWriteReq(fsp) and (tn eq number (head(dataEndQ)))];
( [isEmpty(tailOf (reqQ))]1->
Write[Iin, Iout]
(degree, functionalUnits,maxRequests, tnCounter,
head (reqQ), reqOutstanding, tailOf (reqQ), tailOf (dataEndQ), add (head (dataEndQ) , xfrEndQ) )

{1

[isReadReq (prim (head (tailOf (reqQ))))]1->
WriteRead([Iin, Iout]
(degree, functionalUnits,maxRequests, tnCounter,

head (reqQ), reqOutstanding, tailOf (reqQ), tailOf (dataEndQ),add (head (dataEndQ), xfrEndQ))
[]

[isWriteReq(prim(head (tailOf (reqQ))))]->
WriteWrite([Iin, Iout]
(degree, functionalUnits,maxRequests, tnCounter,
head (reqQ), reqOutstanding, tailOf (reqQ),tailOf (dat@EndQ), add (head (dataEndQ), xfrEndQ))

1 Further requests for write data transfers may be requested if the number of requests outstanding does not exceed the maximum. ReadrequIt:er:ay
Irequested only if consecutive access is in use'and the read functional unit s available. The type and transfer number of the request is tq
requestQ *)

[reqOutstanding lt maxRequests]->
[isAvailableRead (functionalUnits) and isConsecutive (degree)]->
Iin?fsp:FSPrim?tn:NatfisReadReq(fsp) and (tn eq (tnCounter+Succ(0)))];
WriteWrite[Iin, Iout]
(degree, functionalUnits,maxRequests, tn,

current, Succ(reqOutstanding), add (makeEl (fsp, tn), reqQ),dataEndQ, xfrEndQ)

(]

Iin?fsp:FSPrim?tn:Nat [isWriteReq(fsp) and (tn eq (tnCounter+Succ(0)))];
WriteWrite[Iin, Iout]
(degree, functionalUnits,maxRequests, tn,

current, Succ (reqOutstanding), add (makeEl (fsp, tn), reqQ),dataEndQ, xfrEndQ)

(1

[* An F-TRANSFER-END confirm may be issued to the file service user for the data transfer at the head of the xfrEndQ. The data transfer is removed

Figure 22 - (continued) Initiator service definition
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from the xfrEndQ. *)

[not (1sEmpty (xfrEndQ) ) ]->
Iout?fsp:FSPrim?tn:Nat [ ( (isXfrEndReadConf (fsp) and isReadReq(prim(head (xfrEndQ))))

or (isXfrEndWriteConf (fsp) and isWriteReq(prim(head(xfrEndQ)))))
and (tn eq number (head (xfrEndQ)))1;

Writ$Write[Iin, Tout]

(degree, functionalUnits, maxRequests, tnCounter,

currdnt, pred (reqOutstanding), reqQ, dataEndQ, tailOf (xfrEndQ))

(1

* The filg service user may issue an F-CANCEL request for the current write data transfer. An F-CANCEL request may be issued'to the file servicq
Liser for the first write data transfer on the xfrEndQ. If there is no write data transfer on the xfrEndQ then an F-CANCEL request may be issued tg
khe file sérvice user for the data transfer at the head of the dataEndQ, or if this is empty, the current data transfer.,’)

Intorrupt[lin,lout](degree,functionalUnits,maxRequests,tnCounter,current,dataEndQ,xfrEndQ)

Lndnm (* WriteWrite *)

(t
procesy WriteRead
This prdcess specifies the behaviour in the case where the current data tfansfer is a write and the next requested data transfer
bn the requestQ is a read. *)

process WriteRead([Iin, Iout]
(degree:Overlap, functionalUnits:FUnits, maxRequests, tnCounter:Nat,

current :Element, reqOutstanding:Nat, reqQ,dataEndQ, xfrEndQ:Queue) :@xift:=

[not (1BNullEl (current))]->
(

[* The filg service user may issue an F-DATA request.”*)

Iin?fsp:FSPrim[isDataReq(fsp)];
WriteRead[Iin, Iout]
(depree, functionalUnits, maXRequests, tnCounter, current, reqOutstanding, reqQ, dataEndQ, xfrEndQ)

{1

[* The filp service usermay issue an F-DATA-END request for the current data transfer. The data transfer is added to the dataEndQ and thq
current gata transfer.becomes null. *)

Iin?fsp:PSPrim[isDataEndReq(fsp)];
WriteRead[Iin, Tout]

(degree, functionalUnits, maxRequests, tnCounter,

nullEl, reqOutstanding, reqQ, add (current,dataEndQ), xfrEndQ)

{1

[ The file service user may issue an F-TRANSFER-END request for the data transfer at the head of the dataEndQ. The data transfer is removed
rom the dataEndQ and added to the xfrEndQ. *)

Figure 22 (continued) - Initiator service definition
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[not (1sEmpty (dataEndQ)) ]->
Iin?fsp:FSPrim?tn:Nat [isXfrEndWriteReq(fsp) and (tn eq number (head(dataEndQ)))];

WriteRead[Iin, Iout]
(degree, functionalUnits,maxRequests, tnCounter,
current, reqOutstanding, reqQ, tailOf (dataEndQ),add (head (dataEndQ), xfrEndQ))

(*|An F-TRANSFER-END confirm may be issued to the file service user for the data transfer at the head of the xfrEndQ. The data transfer is rgmoved
m the xfrEndQ. If the xfrEndQ and the dataEndQ are empty, and the current data transfer is null, then the data transferat the head of thlj
uestQ becomes the current data transfer and is removed from the requestQ; the subsequent behaviour is dependant on the type of the dal

sfer that is now at the head of the requestQ. *)

not (isEmpty (xfrEndQ)) ]->
Jout2fsp:FSPrim?tn:Nat [ ((isXfrEndReadConf (fsp) and isReadReq(prim(head (xfrEndQ))))

or (isXfrEndWriteConf (fsp) and isWriteReq(prim(head(xfrEndQ)))))

and (tn eq number (head (xfrEndQ)))]:
[isEmpty (tailOf (xfrEndQ)) and isEmpty(dataEndQ) and isNullEl (current)]->
( [isEmpty(tailOf (reqQ))]1->
Read[Iin, Iout] (degree, functionalUnits,maxRequests, tnCounter,
head (reqQ),pred (reqOutstanding),tailOf (reqQ),dataEndQ, tailOf (xfxEndQ))

]

[isReadReq(prim(head (tailOf (reqQ))))]1->
ReadRead([Iin, Iout] (degree, functionalUnits,maxRequésts, tnCounter,
head (reqQ),pred(reqOutstanding), tailOf (reqQ),dataEndQ, tailOf (xfrEndQ))

0]

[isWriteReqg(prim(head(tailOf (reqQ)))) J~>
ReadWrite([Iin, Iout]
(degree, functionalUnits,maxRequests, tnCounter,
head (reqQ),pred (reqOutstanding),tailOf (reqQ),dataEndQ, tailOf (xfrEndQ))

(]

[not (isEmpty (tailof(xfrEndQ))) or not (isEmpty(dataEndQ)) or not (isNullEl(current))]->
WriteRead[Iin,Iout]
(degree, functionalUnits, maxRequests, tnCounter,

current, pred(reqOutstanding), reqQ,dataEndQ,tailOf (xfrEndQ))

* The file service user may issue an F-WRITE or F-READ request. The type and transfer number of the request is added to the requestQ. *)

[regqOutstanding lt maxRequests]->
Iin?fsp:FSPrim?tn:Nat [ (isReadReq(fsp) or isWriteReq(fsp)) and (tn eq (tnCounter+Succ(0)))];
WriteRead[Iin, Iout]
(degree, functionalUnits, maxRequests, tn,
curfent,Succ(rerutstanding),add(makeEl(fsp,tn),rqu),dataEndQ,xfrEndQ)

Figure 22 - (continued) Initiator service definition
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{1

* The file service user may issue an F-CANCEL request for the current write data transfer. An F-CANCEL request may be issued to the file servicq
ser for the first write data transfer on the xfrEndQ. If there is no write data transfer on the xfrEndQ then an F-CANCEL request may be issued td
file service user for the data transfer at the head of the dataEndQ, or if this is empty, the current data transfer. *)

Tnterrupt [Iin, Iout] (degree, functionalUnits,maxRequests,tnCounter, current, dataEndQ, xfrEndQ)

podprdse (* WriteRead *)

('
procegs WriteDataXirldle

This pfocess specifies the behaviour when the current data transfer is null, the dataEndQ is empty andthe-xfrEndQ is not empty
)
RIQCANS WriteDataXfrIdle[Iin, Iout]

(degree:Overlap, functionalUnits:FUnits, maxRequests,tnCounter:Nat,

current:Element, reqOutstanding:Nat, reqQ, dataEndQ, xfrEndQ:Queue) saxif:=

[* An F-TRANSFER-END confirm may be issued to the file service user for the data transfer at the head of the xfrEndQ. The data transferis removed
from the xfrEndQ. The subsequent behaviour is dependant on whether or not the xfrEndQ is.now empty. *)

(( [ipReadReq(prim (head (xfrEndQ)))]1->

Iopt?2fsp:FSPrim?tn:Nat [isXfrEndReadConf (fsp) and (tn eq number (head (xfrEndQ)))];
exit

(1

[ipWriteReq(prim(head (xfrEndQ)))1->

Iopt?fsp:FSPrim?tn:Nat [isXfrEndWriteConf (fisp) and (tn eq number (head (xfrEndQ)))];
ekit

>>

( [iBEmpty(tailOf (xfrEndQ))]=>
ekit

[npt (1sEmpty (t2i10f (xfrEndQ)))1->
NriteDataXfrldle[Iin, Iout] (degree, functionalUnits,maxRequests,tnCounter,
urrernt, pred (reqOutstanding), reqQ,dataEndQ, tailOf (xfrEndQ))

(1

[* Further requests for write data transfers may be requested if consecutive or concurrent access is in use and the number of requests outstanding
Hoes not exceed the maximum. Read requests may be requested only if consecutive access is in use and the read functional unitis available. T!
ubsequent behaviour is dependant on the type of the request. *)

[not (isNormal (degree)) and (reqOutstanding lt maxRequests)]->

( [isAvailableRead(functionalUnits) and isConsecutive (degree)]->

Figure 22 (continued) - Initiator service definition
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Iin?fsp:FSPrim?tn:Nat [isReadReq(fsp) and (tn eq (tnCounter+Succ(0)))];
WriteRead([Iin, Iout]
(degree, functionalUnits, maxRequests, tn,

current, Succ (reqOutstanding), add (makeEl (fsp, tn), reqQ) ,dataEndQ, xfrEndQ)

(]

Iin?fsp:FSPrim?tn:Nat (isWriteReq(fsp) and (tn eq (tnCounter+Succ(0)))];
Write[Iin, Iout]
(degree, functionalUnits,maxRequests, tn,
makeEl (fsp, tn), Succ (reqOutstanding), reqQ, datakEndQ, xfrEndQ)

(1 An F-CANCEL indication may be issued to the file service user for the first write request on the xfrEndQ. *)
finterrupt [Iin, Iout) (degree, functionalUnits, maxRequests, tnCounter, current,dataEndQ, xfrEndQ)
mndprac (* WriteDataXfrIdle *)

4

frocess Interrupt

This process specifies the behaviour when a data transfer request is cancelled. *)

Hrocass Interxrupt[Iin, Iout]

(degree:Overlap, functionalUnits:FUnits,maxRequests, tnCounter:Nat,

current:Element,dataEndQ, xfrEndQ:Queue) :axif:=

InitiatorCancel[Iin, Iout] (degree, functiénalUnits,maxRequests,tnCounter, current,datakEndQ, xfrEndQ)

ResponderCancel[Iin, Iout] (degree, functionalUnits,maxRequests,tnCounter,current,datakEndQ, xfrEndQ)

Where

Rrocess InitiatorCGancel

This procass, $pecifies the predicates and behaviour for the cancellation of a data transfer by the initiating file service user

process InitiatorCancel([Iin,Iout]

Uni
s+

fad o 2 £ Py 1 + EUnite maxR Py -
(qegreelOovermapy;runctoma=s: *-oFr T =y tsthCounter Nat,

current:Element,dataEndQ, xfrEndQ:Queue) :@xif:=

[isAvailableRead (functionalUnits)]->
ReadCancel[Iin, Iout] (degree, functionalUnits,maxRequests, tnCounter, current, dataEndQ, xfrEndQ)

]

[isAvailableWrite (functionalUnits)]->

Figure 22 - (continued) Initiator service definition
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WriteCancel[Iin, Iout] (degree, functionalUnits, maxRequests,tnCounter,current,datakEndQ, xfrEndQ)

xhaze

(t

processRaeadCancal

This prpcess specifies the predicates and the behaviour for the cancellation of a read data transfer by the file service user
)

proctaas ReadCancel([Iin,Iout] (degree:Overlap, functionalUnits:FUnits,maxRequests,tnCounter:Nat,
current:Element,dataEndQ, xfrEndQ:Queue) :q@xit:=

(* The filp service user may issue an F-CANCEL request for the read data transfer at the head of the dataEndQ. *)

[isRpadReq (prim (head (dataEndQ))) ]->
Iin?ffsp:FSPrim?tn:Nat [isCancelReadReq(fsp) and (tn eq number (head(dataEndQ)))];

CarjcelPending[Iin, Iout] (degree, functionalUnits,maxRequests, tnCounter,makeEl (fgp, tn), xfrEndQ)

(1

* The filp service user may issue an F-CANCEL request for the current data transfer is the dataEndQ is empty. *)

[isE]

hpty (dataEndQ) and isReadReq(prim(current))]->
Iin?

fsp:FSPrim?tn:Nat [isCancelReadReq(fsp) and (tn eq number(current))];

CarjcelPending[Iin, Iout] (degree, functionalUnits,maxRequests, thCounter,makeEl (fsp, tn), xfrEndQ)

andprac (* ReadCancel *)

(t

process WriteCancel

This prpcess specifies the predicates and the behaviour for the cancellation of a write data transfer by the file service user,
)

process WriteCancel([Iin,Iout]

(degree:Overlap, functiionalUnits:FUnits, maxRequests, tnCounter:Nat,
current:ElementjdataEndQ, xfrEndQ:Queue) :axif:

(* The file service user may issu@’an F-CANCEL request for the current write data transfer if the xfrEndQ is empty. *)

[isEmpty (xfrEndQ)y~and isWriteReq(prim(current))]->
Iir:’.:Fsp:FSPrim?tn:Nat[isCancelWriteReq(fsp) and (tn eq number (current))];
C

celPending(Iin, Iout] (degree, functionalUnits,maxRequests, tnCounter,makeEl (fsp, tn),xfrEndQ)

andpkog- (* WriteCancel *)

(t

process CancelPending

This process specifies the completion of a data transfer cancellation.
)

procaas CancelPending(Iin, Iout]

Figure 22 (continued) - Initiator service definition
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(degree:Overlap, functionalUnits:FUnits, maxRequests, tnCounter:Nat,
cancelData:Element, xfrEndQ:Queue) :axif:=

[* An F-CANCEL confirm may be issued for the data transfer that is being cancelled. *)

( [isCancelReadReq(prim(cancelData)) ]->

Iout?fsp:FSPrim?tn:Nat [isCancelReadConf (fsp) and (tn eq number (cancelData))];
exit

]

[isCancelWriteReq(prim(cancelData))]->
Iout?fsp:FSPrim?tn:Nat [isCancelWriteConf (fsp) and (tn eq number (cancelData))];
exit

>>

*|If there are any data transfers on the xfrEndQ then these will be read data transfers, subsequentbehaviour is therefore as specified in g
padXfrEndldle, otherwise the file service user may exit the specification. *)

3

( [isEmpty (xfrEndQ)]->
exit

]
[not (1sEmpty (xfrEndQ))]->

ReadXfrEndIdle[Iin, Iout]

(degree, functionalUnits, maxRequests, tnCounter, nullEl, 0, empty, empty, xf rEndQ)

andprog (* CancelPending *)

andproc (* InitiatorCancel *)

—
Py

focess ResponderCancal

L | ne)

process . ResponderCancel [Iin, Iout]
(degree:Overlap, functionalUnits:FUnits, maxRequests, tnCounter:Nat,
current:Element,dataEndQ, xfrEndQ:Queue) :axif:=

his process specifies the predicates and behaviour for the cancellation of a data transfer by the responding file service user

[isAvajilableRead (functionalllnitg)]-—>

RoldCanccl[Iin,Iout](degree,functionalUnits,maxRequests,tnCounter,current,dataEndQ,xfrEndQ)

(1

[isAvailableWrite (functionalUnits)]->
WritoClncnl[Iin,Iout](degree,functionalUnits,maxRequests,tnCounter,current,dataEndQ,xfrEndQ)

xhara

rocesg

Figure 22 - (continued) Initiator service definition
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-

rocess ReadCancel

his process specifies the predicates and the behaviour for the cancellation of a read data transfer by the responding filg
ervice user. *)

pxi:n.. ReadCancel([Iin, Iout]

(degree:Overlap, functionalUnits:FUnits, maxRequests, tnCounter:Nat,
current :Element,dataEndQ, xfrEndQ:Queue) :axit:=

(* An F-CANCEL indication may be issued to the file service user for the current data transfer if the dataEndQ is empty. *)
[isEfpty (dataEndQ) and isReadReq(prim(current))]->
Iout}fsp:FSPrim?tn:Nat [isCancelReadInd(fsp) and (tn eq number (current))];

CangelPending(Iin, Iout] (degree, functionalUnits, maxRequests, tnCounter,makeEl (fsp, tn), xfrEndQ)

andgroc (* ReadCancel *)

(t
process WriteCancel

T

This pfocess specifies the predicates and the behaviour for the cancellation’ of a write data transfer by the responding fil
pervicq user. *)

prdcess WriteCancel[Iin, Iout] (degree:Overlap, functionalUnits:FUnits,maxRequests:Nat,
tnCounter:Nat,current:Element,dataEndQ, xfrEndQ»Queue) :@xif:=

(* If therp are no write data transfers on the xfrEndQ then an F-CANCEL indication may be issued to the file service user for the current write datg
fransfer] if the dataEndQ is empty, or the write data transfer at the_head of the dataEndQ. *)

[isNyll (prim(firstWriteReq(xfrEndQ)))]->
( [i3Empty(dataEndQ) and isWriteReq(prim(&urrent))]->
Ioyt?fsp:FSPrim?tn:Nat [isCancelWritéInd(fsp) and (tn eq number (current))];
CancelPending(Iin, Iout] (degree,functionalUnits, maxRequests, tnCounter,makeEl (fsp, tn), xfrEndQ)

[1
[14NullEl (current) and/isWriteReq(prim(head(dataEndQ)))]1->

Ioyt?fsp:FSPrim?tn:Nat{isCancelWriteInd(fsp) and (tn eq number (head(dataEndQ)))];
CancelPending[Iin,Tout] (degree, functionalUnits, maxRequests,tnCounter,makeEl (fsp, tn), xfrEndQ)

(]

* An F-CANCEL indication may be issued to the file service user for the first write data transfer on the xfrEndQ. *)

[not (isNullEl (firstWriteReq(xfrEndQ)))]->
Iout?fsp:FSPrim?tn:Nat [isCancelWriteInd(fsp) and (tn eq number (firstWriteReq(xfrEndQ)))];
CancelPending(Iin, Iout] (degree, functionalUnits, maxRequests, tnCounter,makeEl (fsp,tn), removeReqgs (xfrEndQ))

andprac (* WriteCancel *)

Figure 22 (continued) - Initiator service definition

52


https://standardsiso.com/api/?name=8e956bf859b9ef9aac79fe1c7a02c306

ISO 8571-3:1988/Amd.2:1993 (E)

process CancelPending
This process specifies the completion of a data transfer cancellation.
)

process CancelPending[Iin, Iout]

(degree:Overlap funct ionalllnits:FlUnits, maxRequests,tnCounter:Nat

cancelData:Element, xfrEndQ:Queue) :axift:=

An F-CANCEL confirm may be issued for the data transfer that is being cancelled. *)

( [isCancelReadInd(prim(cancelData))]->
Iin?fsp:FSPrim?tn:Nat [isCancelReadResp(fsp) and (tn eq number (cancelData))];

exit
[]

[isCancelWriteInd(prim(cancelData))}->
Iin?fsp:FSPrim?tn:Nat [isCancelWriteResp(fsp) and (tn eq number (cancelDatad)) ];

exit

>>

If there are any data transfers on the xfrEndQ then these will be read data'transfers, subsequent behaviour is therefore as specified in procesy

HeadXfrEndidle, otherwise the file service user may exit the specification. *)

( [isEmpty(xfrEndQ)]->
exit

[]
[not (isEmpty (xfrEndQ)) ]->
ReadXfrEndIdle(Iin, Iout]

(degree, functionalUnits, maxRequests, tnCounter,
nullEl, size (xfrEndQ), empty, émpty, removeLast (xfrEndQ) )

—andpraoc (* CancelPénding *)

andproc (* ResponderCancel *)

L landprac (* (Interrupt *)

Modapag. (* Initiator_External_Service *)

Figure 22 - (continued) Initiator service definition
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pecification

he specification Responder_External_Service specifies the sequence of service primitives in the external file service of the
esponder, for the duration of the bulk data transfer regime, for normal, consecutive and concurrent overlapped access.”)

Responder_ External Service[Rout,Rin,Local] axit

ter of type Nat.

he firstWritelnd and removeReqs operations are required'to support the cancellation of a write data transfer after thg
eceipt jof an F-TRANSFER-END indication by the responder.“Equivalent operations are not required for read data transfe
peratipns.

egreqOfOverlap - values are defined for normal;. consecutive and concurrent; boolean operations are defined thaj
dentify| a given value.

unctlI]nalUnIts - values are defined to represent the selection of the Read, Write and the combination of the Read &
nctional units; boolean operations aré defined that identify a given value.

ibrazy

Boolear}, NaturalNumber

podlil

kypa ExtendedNaturalNumber la NaturalNumber

pred: Nat -> Nat
E forall x:Nat

efsoxt Nat
pred(0) = 0;
pred (Succ(x)) = X;
endtype

Lypa FileServicePrimitives ia Boolean
sorts FSPrim
opna null,

Figure 23 - Responder service definition
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readInd,
writeInd,
datalnd,
dataReq,
dataEndInd,
dataEndReq,

XifrkndReadlInd,
xfrEndReadResp,
xfrEndWritelnd,
xfrEndWriteResp,
cancelReadInd,
cancelReadReq,
cancelReadConf,
cancelReadResp,
cancelWritelnd,
cancelWriteReq,
cancelWriteConf,

cancelWriteResp: -> FSPrim

Mp: FSPrim -> Nat

isNull,

isReadInd,
isWritelnd,
isDatalInd,
isDataReq,
isDataEndInd,
isDataEndReq,
isXfrEndReadInd,
isXfrEndReadResp,
isXfrEndWritelInd,
isXfrEndWriteResp,
isCancelReadInd,
isCancelReadReq,
isCancelReadConf,
isCancelReadResp,
isCancelWriteInd)
isCancelWriteRedq,
isCancelWriteConf,
isCancelWriteResp: FSPrim -> Bool

agns forall x,y,fsp:FSPrim

ofsort” Nat

Mp (readInd) = 0;

Mp(writelnd)

Mp (datalInd) = Succ((writeInd));
Mp (dataReq) = Succ (Mp(datalInd));
Mp (dataEndInd) = Succ (Mp(dataReq));
Mp (dataEndReq) = Succ (Mp(dataEndInd));
Mp (xfrEndReadInd) = Succ (Mp (dataEndReq) ) ;

= sSucc (Mp (readInd));

Mp (xfrEndReadResp) = Succ (Mp (xfrEndReadInd));
Mp (xfrEndWriteInd) = Succ (Mp(xfrEndReadResp));
Mp (xfrEndWriteResp) = Succ (Mp (xfrEndWriteInd));

Figure 23 (continued) - Responder service definition

55


https://standardsiso.com/api/?name=8e956bf859b9ef9aac79fe1c7a02c306

ISO 8571-3:1988/Amd.2:1993 (E)

Mp (cancelReadInd) = Succ (Mp (xfrEndWriteResp));

Mp (cancelReadReq) = Succ (Mp(cancelReadInd));

Mp (cancelReadConf) = Succ (Mp (cancelReadReq) ) ;

Mp (cancelReadResp) = Succ (Mp (cancelReadConf));

Mp (cancelWriteInd) = Succ(Mp(cancelReadResp));

Mp (cancelWriteReq) = Succ(Mp(cancelWriteInd));

Mp (cancelWriteCont) = Succ (Mp (cancelWritereqJ ),

Mp (cancelWriteResp) = Succ (Mp (cancelWriteConf));
afaoxrt Bool

isNull (fsp) = Mp(fsp) eq Mp(null);

isReadInd (fsp) = Mp (fsp) eq Mp(readInd);

isWriteInd (fsp) = Mp(fsp) eq Mp(writeInd);

isDataInd (fsp) = Mp (fsp) eq Mp(datalnd);

isDataReq (fsp) = Mp (fsp) eq Mp(dataReq);

isDataEndInd (fsp) = Mp (fsp) eq Mp(dataEndInd);

isDataEndReq (fsp) = Mp (fsp) eq Mp(dataEndReq);

isXfrEndReadInd (fsp) = Mp (fsp) eq Mp(xfrEndReadInd);

isXfrEndWriteInd (fsp) = Mp (fsp) eq Mp(xfrEndWritelInd);

isXfrEndReadResp (fsp) = Mp (fsp) eq Mp(xfrEndReadResp);

isXfrEndWriteResp (fsp) = Mp (fsp) eq Mp(xfrEndWriteResp);

isCancelReadInd (fsp) = Mp (fsp) eq Mp(cancelReadInd);

isCancelReadReq (fsp) = Mp (fsp) eq Mp(cancelReadReq);

isCancelReadConf (fsp) = Mp (fsp) eq Mp(cancelReadConf);

isCancelReadResp (fsp) = Mp (fsp) eq Mp(cancelReadResp);

isCancelWritelInd (fsp) = Mp (fsp) eq Mp(cancelWriteInd);

isCancelWriteReq (fsp) = Mp (fsp) eq Mp(cancelWriteReq);

isCancelWriteConf (fsp) = Mp (fsp) eq Mp(cancelWriteConf);

isCancelWriteResp (fsp) = Mp (fsp) eq MpdtcancelWriteResp);

Lypa QheueElement i FileServicePrimiti¥es;Boolean,ExtendedNaturalNumber

Iscxrts Element

opng nullEl: -> Element

makeEl: FSPrim,Nat => Element
number: Element '=> Nat
prim: Element\=> FSPrim

isNullEl¢ Element -> Bool

Loxralll fsp:FSPrim,tn:Nat,q _el:Element
E::xt ESPrim
prim(makeEl (fsp,tn)) = fsp;
prim(nullEl) = null;

ofsoxf Nat
number (nullEl) = 0;
number (makeEl (fsp, tn))
afsort Bool
isNullEl (nullEl) = true;
isNullEl(q_el) = isNull(prim(q_el));
ofsort Element
makeEl (null, 0) = nullEl;
andtypa

tn;

Figure 23 (continued) - Responder service definition
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kvpa RequestQueue l& QueueElement, Boolean, ExtendedNaturalNumber
AQxks OQueue
Qpna empty: => Queue

alld « u;E‘lﬂen\., waeue 7 Wueue
tailOof: Queue -> Queue

head: Queue -> Element

last: Queue -> Element

isEmpty: Queue -> Bool
removelast: Queue -> Queue
size: Queue -> Nat
firstWriteInd: Queue -> Element
removeRegs: Queue -> Queue

reverse: Queue -> Queue

agna faorall x,y:Element,q:Queue
aofaoxt Element
head (empty) = nullEl;
head (add (x, empty)) = x;
head (add (x,add(y,q))) = head(add(y,q));
last (empty) =nullEl;
last (add(x,empty)) = x;
last (add(x,q)) = x;
firstWriteInd(empty) = nullEl;
isWriteInd(prim(head(q)))
=> firstWriteInd(q) = head(q);
not (isWriteInd (prim(head(q))))
=> firstWriteInd(q) = firstWriteInd(tailOf (q))

ofasort CQueue
tailof (empty) = empty;
tailOf (add (x,empty)) =-empty;
tailOf (add(x,q)) = add(X,tailof(q));
add (nullEl,q) = gy
removelast (empty)) = empty;
removelast (add (x,q)) = q;
removeRegs\(empty) = empty;
isWriteInd{prim(head(q)))

=> removeReqgs (q) = empty;

not(IsWriteInd (prim(head(q))))

Qfsort Bool
isEmpty (empty) = true;

isEmpty(add(x,q)) = false:

=> removeReqgs (q) = reverse (add(head(q), removeReqgs (tailOf(q))));

ofsort Nat
size(empty) = 0;

size(add(x,q)) = Succ(size(q)):;

prodiypa

Lypa DegreeOfOverlap ia Boolean

Figure 23 (continued) - Responder service definition

57


https://standardsiso.com/api/?name=8e956bf859b9ef9aac79fe1c7a02c306

ISO 8571-3:1988/Amd.2:1993 (E)

aoxta Overlap

apnsg normal: -> Overlap
consecutive: -> Overlap
concurrent: -> Overlap
isNormal: Overlap -> Bool

isConsecutive: Overlap -> Bool

13COoNCuUrrent. vvellap 7 DOOL

agos forall degree:Overlap
afsoxrt Bool

isNormal (normal) = true;
isNormal (consecutive) = false;

isNormal (concurrent) = false;

isConsecutive (normal) = false;
isConsecutive (consecutive) = true;

isConsecutive (concurrent) = false;

isConcurrent (normal) = false;
isConcurrent (consecutive) = false;

isConcurrent (concurrent) = true;

Ltype FunctionalUnits jla& Boolean

sorts FUnits

opna setRead: -> FUnits
setWrite: -> FUnits
setReadWrite: -> FUnits
isAvailableRead: FUnits -> Bool
isAvailableWrite: FUnits -> Bool

agna forall x:FUnits
ofsort Bool
isAvailableRead (setRead) = true;
isAvailableRead (setWrite) = false;

isAvailableRead (setReadWrite) = true;

isAvailableWrite (setRead) = false;
isAvailableWrite (setWrite) = true;
isAvailableWrite (setReadWrite) = true;

(i

BeTavlour

All events occur at the gates Rout, Rin or Local. Events at the gate Rin represent receipt of file service primitives by
file service provider; events at the gate Rout represent file service primitives that are issued by the file service user by
file service provider. The events at the gate Local establish the bounds on the behaviour of the file service i.e. the deg
of overiap, the functional units available and, if overlapped access is allowed, the maximum number of request that may

outstanding.

The sequence of primitives allowed in the external file service is specified by the behaviour the process Normall
Consecutiveldle or Concurrentldie (chosen on the basis of the degreeOfOverlap, established by an event at the g
Local).

the
the
ree

be

le,
ate

Figure 23 (continued) - Responder service definition
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babaviouxr

Local?degree:Overlap;

([{isNormal (degree) ] >

LOCalilunctionalunlitsS.runits,

NormalIdle[Rout,Rin] (functionalUnits)

[isConsecutive (degree) ] ->
[Local?functionalUnits:FUnits?maxRequests:Nat;

ConsecutivelIdle [Rout,Rin] (functionalUnits, maxRequests)

[isConcurrent (degree) ] ->
[Local?functionalUnits:FUnits?maxRequests:Nat;

ConcurrentlIdle [Rout,Rin] (functionalUnits,maxRequests)

|

pfocess Normalldie
T

the exchange of F-OPEN primitives.
)

process Normalldle([Rout,Rin] (functionalUnits:FUnits) taxit:=

omes the current data transfer. *)

[isAvailableRead (functionalUnits)]->
Rout?fsp:FSPrim[isReadind (fsp)];
Read [Rout,Rin])
(normal, functiofialUnits, Succ(0), Succ(0),makeEl (fsp, Succ(0}), Succ(0),empty,empty, empty)

(]
[isAvailableWrite (functionalUnits)]->

Rolut?fsp:FSPrim[isWriteInd(fsp)];
Write[Rout,Rin]

nis process specifies the allowed behaviour when ovarlapped access is not in use. This point represents the comple

*|If the appropriate functional unit is available) the file service user may receive an F-READ indication or an F-WRITE indication. The feques{

tion of

(normal, functionalUnits, Succ(0), Succ(0),makeEl (fsp, Succ(0)),Succ(0), empty, empty, empty)

b >

jdle state. *)

* Upon completion of the previous bulk data transfer the file service user may receive an F-READ or F-WRITE indication (as specified by the proces?
Normalidle) ormay exit the specification (i.e. initiate an exchange of F-CLOSE primitives). This pointin the specification represents the data transfer

Figure 23 (continued) - Responder service definition
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( NormalIdle[Rout,Rin] (functionalUnits)

exit

Rodprot (* Normalldlex)

(t

process Consecutiveldie

This pfocess specifies the allowed behaviour when consecutive overlapped access is in use. This point represents thg
compldtion of the exchange of F-OPEN primitives.

)
brocesg ConsecutiveIdle[Rout,Rin] (functionalUnits:FUnits,maxRequests:Nat) axit:=

(* If the [appropriate functional unit is available, the file service user may receive an F-READ indication or an F-WRITE indication. The requeg{
becomds the current data transfer. *)

( [isAvailableRead (functionalUnits)]->
Rouf?fsp:FSPrim?tn:Nat (isReadInd(fsp)];
Read [Rout,Rin]
(cpnsecutive, functionalUnits,maxRequests, tn,makeEl (fsp, tn) tn,empty, empty, empty)

@]
[is3vailableWrite (functionalUnits)]->
Rouy?fsp:FSPrim?tn:Nat [isWriteInd(fsp)];

Write [Rout,Rin]

(cpnsecutive, functionalUnits, maxRequests,tnymakeEl (fsp, tn),tn,empty, empty, empty)
b >
[* Upon [completion of all outstanding data transfers the file service user may exit the specification (i.e. initiate an exchange of F-CLOSE pn'mitivejl
br may Lsceive an F-READ or F-WRITE-indication (as specified by the process Consecutiveldie) . This point in the specification represents th

data trapsfer idle state for consecutive access. *)

( ConsecutivelIdle[Rout,Rin] (functionalUnits,maxRequests)

exit

landpraoc (* Consecutiveldle*)
('
process Concurrentidie

This process specifies the allowed behaviour when concurrent overlapped access is in use. This point represents thd
completion of the exchange of F-OPEN primitives.

Figure 23 (continued) - Responder service definition
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broceas Concurrentldle[Rout,Rin] (functionalUnits:FUnits,maxRequests:Nat) axit:=

* The file service user may receive an F-READ or F-WRITE indication. *)

Rout?fsp:FSPrim?tn:Nat[((isAvailableRead(functionalUnits) and i1sReadInd(fsp)) or|
(isAvailableWrite (functionalUnits) and isWriteInd(fsp)))-end—temregq—Sucetiry];

(1 The request for a data transfer becomes the current read or write data transfer as appropriate. Read data transfers will be.performed condurrently
With any write data transfers that are subsequently requested. *)

(| ( [isAvailableRead (functionalUnits) and isReadInd(fsp)]->
Read[Rout,Rin] (concurrent, functionalUnits,maxRequests, tn,makeEl (fsp,tn), tn, elpty, empty, empty)

>> ReadlIdle[Rout,Rin] (functionalUnits, maxRequests)

(]

( [isAvailableWrite(functionalUnits) and isWriteInd(fsp)]->

Write[Rout,Rin] (concurrent, functionalUnits,maxRequests, tn,makeEl (fsp,tn),tn,empty, empty, empty)

>> WriteIdle[Rout,Rin] (functionalUnits,maxRequests)

i1
(I The file service user may receive an F-READ or F-WRITE indication depending on the type of the data transfer that was first requested. *)

( [isAvailableWrite (functionalUnits) and isReadInd(fsp)]->
WriteIdle[Rout,Rin] (functionalUnits,maxRequests)

(1

[isAvailableRead{funictionalUnits) and isWriteInd(fsp)]->
ReadIdle [Rout,Rin] (functionalUnits,maxRequests)

Theyfile service user has the opportunity to exit the specification. Alternatively, further data transfers may be requested, as specified by procesq
ncurrentlidie. This represents the daia transier idie siate. *)

( ConcurrentIdle|[Rout,Rin] (functionalUnits,maxRequests)
[]

exit
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khaze

-

process Readidle

ReadIdle[Rout,Rin] (functionalUnits:FUnits,maxRequests:Nat) axit:-
* The filp service user may receive an F-READ indication, this request will become the current read data transfer. )
( Routfsp:FSPrim?tn:Nat [isReadInd(fsp)];

Reaf [Rout,Rin]

(coxcurrent,functionalUnits,maxRequests,tn,makeEl(fsp,tn),tn,empty,empty,empty)

>> ReadIdle[Rout,Rin] (functionalUnits,maxRequests)

(]
exilt
andprpc (*ReadIdle*)

KQ
proce Wiriteldle

The process specifies the behaviour for the progress of write data transfers.

)

RIQSI:I WriteIdle[Rout,Rin] (functionalUnits:EUnits,maxRequests:Nat) :axit:=
[* The file service user may receive an F-WRITE indication, this request will become the current write data transfer. *)

( Rout?fsp:FSPrim?tn:Nat [isWriteInd(fsp)];
Irit.[Rout,Rin](concurrent,functionalUnits,maxRequests,tn,makeEl(fsp,tn),tn,empty,empty,empty)

>> NriteIdle[Rout,Rin]ffunctionalUnits,maxRequests)
)

§]
exiy

Andnzln: (*WriteIdle*)

(*ConcurrentIdle¥*)

*

rocess Read

his process specifies the behaviour for the current read data transfer in the case where there are no outstanding requestJ
n the requestQ.
)
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proceas Read[Rout,Rin]
(degree:Overlap, functionalUnits:FUnits, maxRequests, tnCounter:Nat,

current:Element, reqOutstanding:Nat, reqQ,dataEndQ, xfrEndQ:Queue) :axit:=-

(* An F-DATA request may be issued by the file service user.")

Rin?fsp:FSPrim[isDataReq(fsp)];
Read [Rout,Rin]

(degree, functionalUnits, maxRequests, tnCounter, current, reqOutstanding, reqQ, dataEndQ, xfrEndQ)

*

—

An F-DATA-END request may be issued by the file service user. The type and transfer number of the current read.data transfer is adde
dataEndQ. °)

Rin?fsp:FSPrim[isDataEndReq(fsp)];
ReadDataXfrIdle [Rout,Rin]
(degree, functionalUnits, maxRequests, tnCounter,

nullEl, reqOutstanding, reqQ, add (current,dataEndQ), xfrEndQ)

H to the

—
*

If overlapped access is in use and the number of outstanding requests has notexceeded the maximum, then the file service user may re
READ indication. If consecutive access is in use and the Write functional urit has been negotiated then the file service user may recei
RITE indication. The type and transfer number of the requestis added to the requestQ and the number of outstanding requests is increme
bsequent behaviour is dependant on the type of the request. *)

P =

not (isNormal (degree)) and (reqOutstanding lt maxRequests)]->
Rout?fsp:FSPrim?tn:Nat [isReadInd (fsp) and.(tn eq (tnCounter+Succ(0)))];
ReadRead [Rout,Rin]

(degree, functionalUnits, maxRequests, th,

current, Succ (regOutstanding),add (makeEl (fsp, tn), reqQ),dataEndQ, xf rEndQ)

(1

[isAvailableWrite (functionalUnits) and isConsecutive (degree)]->
Rout?fsp:FSPrim?tn:Nat [IsWriteInd(fsp) and (tn eq (tnCounter+Succ(0)))];
ReadWrite [Rout,Rin]

(degree, functienalUnits, maxRequests, tn,

current, Suce{regqOutstanding),add (makeEl (fsp, tn), reqQ),dataEndQ, xf rEndQ)

removed-fromthe—dataEndQ-ard-added-to-thexfrEnd@—)

[not (isEmpty (dataEndQ)) 1->

Rout?fsp:FSPrim?tn:Nat [isXfrEndReadInd(fsp) and (tn eq number (head(dataEndQ)))];
Read[Rout,Rin]

(degree, functionalUnits,maxRequests, tnCounter,

current, reqOutstanding, reqQ, tailOf (dataEndQ), add (head (dataEndQ), xfrEndQ))

[*| The.file service user may receive an F-TRANSFER-END indication for the data transfer at the head of the dataEndQ. The data trarsfer iT

ive ar
an F
.The
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(* An F-TRANSFER-END response may be issued by the file service user for the data transfer at the head of the xfrEndQ. The data transfer 4
femoved from the xfrEndQ. *)

[not (isEmpty (xfrEndQ)) ]->
Rin?fsp:FSPrim?tn:Nat [isXfrEndReadResp (fsp) and (tn eq number (head (xfrEndQ)))];

Read [[Rout; Rim}
(degfree, functionalUnits, maxRequests, tnCounter,
currpnt,pred (reqOutstanding), reqQ, dataEndQ, tailOf (xfrEndQ))

(]

* The injtiating file service user may receive an F-CANCEL indication for the data transfer at the head of the dataEndQ. If thisis-empty then the fil
rvice yiser may receive an F-CANCEL indication for the current datatransfer. If the dataEndQis empty thenan F-CANCEL 1equestmay be issue
by the file service user for the current data transfer. *)

Intorrspt[Rout,Rin](degree,functionalUnits,maxRequests,tnCounter,current,dataEndQ,xfrEndQ)

Bndprot (* Read *)

('
proceIs ReadRead

This plocess specifies the behaviour in the case where the current transfer is a read and the next requested data transfej|
Js also|a read. The behaviour is only allowed if consecutive or concurrent access is in use. *)

brocess ReadRead[Rout,Rin] (degree:Overlap, functionalUnitg?FUnits,maxRequests,tnCounter:Nat,
current:Element, reqOutstanding:Nat, reqQ, dat@EndQ, xf rEndQ:Queue) caxit:=

(* An F-DATA request may be issued by the file service user for the-urrent data transfer. *)

Rin?f$p:FSPrim[isDataReq(fsp)];
ReadRead [Rout,Rin]
(degree,functionalUnits,maxRequests,tnCounter,current,rerutstanding,rqu,dataEndQ,xfrEndQ)

{1

[* An FIDATA-END request may be.issUed by the file service user for the current data transfer. The current data transfer is added to thﬂ
HataEndQ; the request at the head of the dataEndQ becomes the current data transfer. The subsequent behaviour is determined on the basi
pf the ré¢quest that will now be atthe head of the requestQ. *)

Rin?f3p:FSPrim(isDataEndReq(fsp)];

( [isWriteInd (prim(head(tailOf (reqQ))))]1->
ReadWrite(Rout,rRin] (degree, functionalUnits,maxRequests, tnCounter,
helad (¥eqQ), reqOutstanding, tailOf (reqQ),add (current,dataEndQ), xfrEndQ)

]
[isReadInd (prim (head (tailOf (reqQ))))1->

ReadRead [Rout,Rin] (degree, functionalUnits,maxRequests, tnCounter,
head (reqQ), reqOutstanding, tailOf (reqQ),add (current,datakEndQ), xfrEndQ)

(]

[isEmpty (tailOf (reqQ))]1->
Figure 23 (continued) - Responder service definition
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Read[Rout,Rin] (degree, functionalUnits, maxRequests, tnCounter,
head (reqQ), reqOutstanding, tailOf (reqQ),add (current,dataEndQ), xfrEndQ)

{1

(| Further requests for read data transfers may be requested if the number of requests outstanding does not exceed the maximum. Write requgsts may
Iso be requested only if consecutive access is in use and the write functional unit is available. The type and transfer number of the requastis added
the requestQ’)

[reqOutstanding 1t maxRequests] ->

( Rout?fsp:FSPrim?tn:Nat [isReadInd(fsp) and (tn eq (tnCounter+Succ(0)))];
ReadRead [Rout,Rin]
(degree, functionalUnits,maxRequests,tn,

current, Succ (reqOutstanding),add (makeEl (fsp, tn), reqQ),dataEndQ, xfrEndQ)

{1

[isAvailableWrite (functionalUnits) and isConsecutive (degree)]->
Rout?fsp:FSPrim?tn:Nat [isWriteInd(fsp) and (tn eq (tnCounter+Succ(0))).1:
ReadRead [Rout,Rin]
(degree, functionalUnits,maxRequests,tn,

current, Succ (reqOutstanding),add (makeEl (fsp, tn), reqQ),dataBndQ, xfrEndQ)

The file service user may receive an F-TRANSFER-END request for the data transfer at the head of the dataEndQ. The head of the dajaEndQ
}$ removed and added to the xfrEndQ. *)

[not (1sEmpty (dataEndQ)) ]->

Rout2fsp:FSPrim?tn:Nat [isXfrEndReadInd(fsp) and (tn eq number (head(dataEndQ)))];
ReadRead [Rout,Rin] (degree, functionalUnits, maxRequests, tnCounter,

current, reqOutstanding, reqQ, tailOf)(dataEndQ) , add (head (dataEndQ), xfrEndQ))

An F-TRANSFER-END response may be issued by the file service user for the data transfer at the head of the xfrEndQ. The head of the XfrEndQ
Jg removed. *)

[not (isEmpty (xfrEndQ))]1->

Rin?fsp:FSPrim2tn:Nat [isXfrEndReadResp (fsp) and (tn eq number (head (xfrEndQ)))];
ReadRead{Rout,Rin] (degree, functionalUnits, maxRequests, tnCounter,
current,pred(reqOutstanding), reqQ,datakEndQ, tailOf (xfrEndQ))

[* The initiating file service user may receive an F-CANCEL for the data transfer at the head of the dataEndQ. If this is empty then the file servicd
user may receive an F-CANCEL indication for the current read data transfer. If the dataEndQ is empty then an F-CANCEL request may be issued
py the file service user for the current read data transfer. *)

Interrupt [Rout,Rin] (degree, functionalUnits, maxRequests, tnCounter, current,datakEndQ, xfrEndQ)

podproc (* ReadRead *)
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