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problem of lack of portability of peripheral devices, it does not solve the
problem of lack of portability Technical Field
of the device drivers for those devices. Further- more, the design of a
device driver may be ren- This invention relates to computer systems,   5
dered very complex by virtue of the interactions and particularly to
control structures of a computer  demanded of the device driver by the
environment system, such as input and output (I/O) control      that it
must cooperate with. A problem in the art, structures, and the manner in
which communica-      therefore, is the lack of portability of peripheral
tions are carried out between such control struc-    device drivers between
different computers, and tures in such systems.                          10
the failure by many computers to support a simple driver design. Background
of the Invention Summary of the Invention A communication bus is typically
used to con- nect peripheral devices, such as discs, tapes, print-  15  The
invention is directed to solving this and ers, and others, to computers. To
enable use of a    other problems and disadvantages of the prior art.
variety of peripheral devices--often made by dif-    According to the
invention, there is defined a stan- ferent manufacturers--with any one of a
variety of   dard communication interface protocol to peripheral
computers--typically made by other manufacturers-   device drivers, for use
on a variety of computers. ertain buses for connecting the peripheral de-
20   The protocol is used by device drivers and control vices to computers
have been standardized. An        mechanisms of various computers to
communicate example of such a standardized bus is the Small      with each
other in the performance of peripheral Computer System Interface (SCSI)
bus.                device jobs. A peripheral device driver may then To
enable a computer to communicate with its     be ported substantially
without modification be- peripheral devices, the computer typically
includes   25  tween any computers that provide the standard control
mechanisms called peripheral device dri-    interface protocol. This
protocol is used within a vers or target drivers. A device driver controls
a   method of, and apparatus for, performing periph- particular class of
devices, such as discs or tapes.  eral device jobs to facilitate this
portability. Further- It receives requests for input and output operations
more, the interface protocol is optimized to support from requestors --
illustratively user processes ex-  30   a simple driver design. ecuting on
the computer, -- generates the neces-        The communication interface
protocol is for sary commands for devices to perform  desired        use
between a device driver -- referred to as a operations, sends the commands
over the commu-      target driver in the illustrative embodiment -- and
nication bus to the devices, receives responses to   an interface
arrangement -- comprising a host the commands from the devices over the
bus, and   35  adapter and host adapter driver in the illustrative returns
the responses to the requestors.             embodiment -- in a system,
such as a computer for A device driver operates within the environ-
performing device jobs. The system comprises a sent of, and consequently
must interface with,      peripheral device, the device driver for
controlling her control mechanisms of the particular com-     the
peripheral device, and the interface arrange- puter that it is located on.
An example of such a   40   ment for coupling the devices to the device
driver. control mechanism  is a host adapter driver that     The interface
protocol includes a data structure controls a hardware unit that interfaces
the SCSI    shared in use by the driver and the interface ar- bus to an I/O
bus or system bus of the computer.    rangement. It further includes a
plurality of function An example of an intelligent host adapter is dis-
calls. A first predetermined function call is made by closed by R. Snively
in "Intelligent Host Adapter  45  the device driver to the interface
arrangement for Directs I/O Traffic, Freeing Up Host Processor",
allocating the data structure to the driver. A second Electronic Design.
Vol. 32, No. 19, (9-84), Waseca,  predetermined function call is made by
the device MN, USA, pp. 243-246, 248, 250, 252. Such control    driver to
the interface arrangement for execution, mechanisms typically differ from
computer to com-    cooperatively with the device, of a peripheral de-
puter, as does the manner in which they interact  50  vice job defined by
information stored in the data with the device drivers. Consequently,
whereas a     structure by the driver. A third function call is made
peripheral device can be ported, i.e., used by a     by the interface
arrangement to the device driver, number of different computers, without
modification  and is a call to whatever function is specified by if those
computers use the same standard bus, the    information that was stored in
the data structure by device driver for that device generally cannot be so
55  the driver. This function is called upon completion ported, but must be
redesigned or modified for       of execution of the job. Preferably, a
fourth pre- each new operating environment. Whereas a stan-      determined
function call is then made by the de- dardized bus such as the SCSI bus
solves the         vice driver to the interface arrangement for deal- 2    
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data structure from the driver.           cludes a third predetermined
function call for ex- since the function calls by a device driver to
ecution of an unenqueued job defined by informa- an interface arrangement
are standardized, a de-       tion stored by the driver in a data structure
-- either vice driver makes identical function calls to any      the
above-mentioned data structure or a second interface arrangement in order
to obtain identical   5   data structure -- the execution to take place
before services, irrespective of how the interface arrange-   execution of
any further enqueued jobs. ment is structured and the manner in which the
This capability of the communication interface interface arrangement
provides those services.         protocol allows use of the protocol in
systems that While the provisioning of services such as data        employ
a queued-access protocol for communicat- structure allocation and
deallocation and job execu-   10  ing with peripheral devices, while still
permitting tion may be host computer-dependent, the calls for     almost
immediate access to a device when re- these services under the new protocol
are host         quired, for example, for diagnostic and mainten-
computer-independent. Also, data that must be ex-      ance purposes.
changed between the device driver and the inter-          According to the
invention as claimed, a device face arrangement are exchanged via the data
struc-   15   driver for controlling a peripheral device through an ture in
a predetermined, standardized, manner. Ad-     interface  arrangement
comprises the following vantageously, the function calls are high-level
(i.e.,  functional elements making use of the protocol to abstracted) calls
defined to meet the requirements     perform a peripheral device job
cooperatively with of a variety of device driver designs, and to do so
the interface arrangement. Means for issuing a call in an uncomplicated
manner, thereby allowing use   20  to the interface arrangement for
allocation of a data of the communication interface protocol with var-
structure for a peripheral device job. Means re- ious device drivers,
giving freedom of driver design   sponsive to allocation of a data
structure for storing to driver designers, and supporting simple driver
in the data structure first information defining the design. Furthermore,
since the function call made      peripheral device job  and  second
information by the interface arrangement to the device driver is  25
specifying a call to be made upon completion of specified by the device
driver, flexibility of driver  execution of the job. And means for issuing
a design is further enhanced thereby, as the device      second call to the
interface arrangement for execu- driver need not be tailored to work within
the con-    tion, in cooperation with the peripheral device, of straints of
predefined function calls of the interface  the job defined by the first
information. Preferably, arrangement. By freeing the device driver of such
30  the driver further includes means, responsive to interface-imposed
constraints, driver design is con-   receipt from the interface arrangement
of the call siderably simplified.
specified by the second information, for issuing a Because device driver
design is substantially      call to the interface arrangement for
deallocation freed of host computer dependencies by use of the      from
the driver of the data structure. protocol, conceivably, a peripheral
device manufac-   35  In an illustrative embodiment, the first informa-
turer may provide with a peripheral device a single   tion includes
addressing information, and the driver device driver for use on any of a
plurality of com-    further includes means for issuing a third call, prior
puters that use the protocol. The computer vendor      to the second call,
to the interface arrangement for or user is then freed of the need to
develop his or    storing in the data structure information for translat-
her own device driver for every peripheral device   40  ing the addressing
information. that he or she wishes to use with a particular one        Also
in the illustrative embodiment, the driver of the plurality of computers.
includes means responsive to receipt from the in- Illustratively, the
communication interface pro-   terface arrangement of the call specified by
the tocol further includes a third predetermined func-     second
information for examining third information tion call made by the device
driver to the interface   45   concerning execution of the job and stored
in the arrangement for storing in the data structure in-      data
structure by the interface arrangement, in or- formation for translating
addressing information de-   der to determine whether job execution was
suc- fining the job and stored in the data structure by     cessful or
unsuccessful. Exemplarily, the driver the driver. This call facilitates use
of the protocol in  also includes means cooperative with the examin-
virtual addressing systems, and frees the device   50  ing means for
providing notice of one of successful driver of having to concern itself
with the address-   and unsuccessful job completion. The driver can ing
conventions of the system in which it operates.   thus obtain, and report
to a requestor of the job, Further, illustratively, the second function
call,  the status of the job. described above, comprises a call for
enqueueing,         Further in the illustrative embodiment, the sec- i.e.,
placing in a queue, the job defined by the data   55   ond call is a call
for enqueuing the job defined by structure with other unexecuted jobs, for
execution    the first information with other unexecuted jobs for in an
order in which the jobs are enqueued. Also,      execution in an order in
which the jobs are en- the communication interface protocol further in-
queued, and the driver further comprises means, 3    
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determination by the determining       structure, or for execution of
another job, defined [err] that job execution was unsuccessful, for
by information in a second data structure. issuing a third call to the
interfacing arrangement,     The interfacing arrangement according to the
either for (a) re-execution of the failed job or for (b)  invention
correspondingly performs a peripheral execution of a second, unenqueued,
job defined by    5   device job by executing the steps that are the
information stored in a second data structure, be-   functionality of the
above-described elements. fore execution of any enqueued jobs not presently
A system according to the invention -- illustra- under execution. This
gives the driver the capabil-  tively a computer system -- includes a
peripheral ity to re-execute failed jobs, or to execute main-   device, a
device driver as described above for tenance and diagnostic jobs, by
bypassing a de-   10  controlling the device, and an interface arrange-
vice queued-access protocol.                         ment as described
above for interfacing the driver Further according to the invention as
claimed,   to the device. A method of performing a peripheral a device
driver correspondingly performs a periph-   device job in such a system
comprises the steps eral device job by executing the steps that are the
performed by the device driver in combination with functionality of the
above-described elements.  15  the steps performed by the interface
arrangement, Conversely, an arrangement for interfacing a      both as
described above. device driver to a device controlled by the driver to
The above-described and other advantages nerform a peripheral device job
comprises the fol-   and features of the present invention will become wing
elements. Means, responsive to receipt of a    apparent from the following
description of an illus- st call from the device driver, for allocating a
data  20  trative embodiment of the invention taken together structure to
the driver. Means, responsive to receipt  with the drawing. of a second
call from the device driver, for execut- ing, cooperatively with the
device, a peripheral     Brief Description of the Drawing device job
defined by information stored in the data structure by the device driver.
And means for is-  25   FIG. 1 is a block diagram of a computer system
suing to the device driver a call specified by in-      that includes an
illustrative embodiment of the formation stored in the data structure by
the device    invention; driver, upon completion of the job. Preferably,
the     FIG. 2 is a flow diagram of the operation of a interfacing
arrangement further comprises means         target driver of FIG. 1 in
response to a kernel responsive to receipt of a third call from the device
30  request; driver for deallocating the data structure from the     FIGS.
3-4 are a flow diagram of the operation of driver.
a target driver of FIG. 1 in response to an In an illustrative embodiment,
the interfacing      interrupt; arrangement further includes means
responsive to        FIG. 5 is a flow diagram of the operation of a receipt
of a fourth call from the device driver, for   35  target driver of FIG. 1
in response to an interrupt storing in the data structure information for
translat-  from a "request sense" job; ing addressing information stored in
the data struc-    FIG. 6 is a flow diagram of the operation of the [err]
by the driver.                                     host adapter driver of
FIG. 1 in response to a Also in the illustrative embodiment, the inter-
call to allocate a data structure; facing arrangement comprises means for
storing in  40   FIG. 7 is a flow diagram of the operation of the the data
structure information concerning execution     host adapter driver of FIG.
1 in response to a of the job, in order to provide the driver with
call to provide address translation information; feedback regarding the
success of execution of the      FIG. 8 is a flow diagram of the operation
of the requested job.                                          host adapter
driver of FIG. 1 in response to a Further, in the illustrative embodiment,
the job   45  call to send out a job for execution; executing means
responsive to the second call           FIG. 9 is a flow diagram of the
operation of the comprise means for enqueuing the peripheral de-
host adapter driver of FIG. 1 to send out an vice job defined by
information stored in the data      immediate command or a function;
structure with other unexecuted jobs, and means         FIG. 10 is a flow
diagram of the operation of the for executing, cooperatively with the
device, en-   50  host adapter driver of FIG. 1 to deallocate a data queued
jobs in an order in which they are en-           structure; queued. The
interface arrangement then further          FIG. 11 is a block diagram of a
data structure comprises means, responsive to a fourth call from       for
a job and for an immediate command; the device driver, for executing an
unenqueued job      FIG. 12 is a block diagram of a data structure defined
by information stored by the device driver  55  for a function; in a data
structure before executing any enqueued       FIG. 13 is a flow diagram of
the relevant opera- jobs. The call can be for re-execution of the job,
tion of the host adapter of FIG. 1; defined by information in the
above-mentioned data      FIG. 14 is a flow diagram of the "return job" 4
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9; and                           values in CPU 16, and a code set stored in
mem- [err]. 15 is a flow diagram of a timeout function   ory 15 and
possibly shared with other processes. A of the host adapter of FIG. 1.
process may also access common data space in memory 15. Processes 20
execute on CPU 16. Detailed Description                            5
User processes 20 perform various functions, including communicating with
targets 13, by calling FIG. 1 shows a rudimentary block diagram of      on
primitives of an operating system kernel 21. An an illustrative computer
system, for example, a 3B   operating system  is a master control program
micro-computer of AT&T-Information Systems Inc.      which has primary
control of the allocation of all The computer system includes a central
process-  10  system resources. The kernel is the memory 15- ing unit (CPU)
16 connected to a memory 15 and       resident portion of the operating
system and com- forming together therewith a central control (CC) 9.
prises one or more routines, i.e., programs. In the Communicatively coupled
to CPU 16 and memory        illustrative example of FIG. 1, the operating
system 15 is an input and output (I/0) bus 11 over which   is the UNIXR
operating system of AT&T. peripheral devices 18 communicate with CPU 16
15      Kernel 21 does not communicate with targets and memory 15.
13 directly, but calls upon target drivers 22 to do Devices 18 are
conventional, and include, for    so. Target drivers 22 are control
programs each example, printers, disc drives, and tapes. Devices   one of
which controls a different class of devices 18 are configured into targets
13. A target 13       and communicates with the devices that it controls
comprises one or more devices of the same type --  20  in the manner
appropriate for those devices, i.e., in for example, a plurality of discs
-- and a target    a device-specific manner. It is the task of target
controller 17 for controlling the devices 18.        drivers 22 to convert
the request received from A plurality of targets 13 are connected for
kernel 21 into a job executable by a target control- communication to a
device bus 12. Target control-   ler 17, to perform high-level error
recovery func- lers 17 interface devices 18 to device bus 12 in the   25
tions with respect to the job, and to provide results manner required by
the protocol of bus 12. In this   of the job to kernel 21. Target drivers
22 commu- illustrative example, bus 12 is the SCSI bus, men-   nicate with
devices 18 through target controllers tioned above, and described in
American National     17, in a manner dictated by the standard commu-
Standard draft proposal X3T9.2/82-2-Rev. 17B of      nication protocol of
device bus 12. December 16, 1985.                             so
Interposed between target drivers 22 and tar- Bus 12 and targets 13
connected thereto are      gets 13 are I/0 bus 11 and host adapter 10, both
of interfaced to bus 11 by a host adapter 10. Host      which may differ
from computer system to com- adapter 10 converts communications flowing be-
puter system. In order to make target drivers 22 tween buses 11 and 12 from
the protocol of the       independent of the structure of I/O bus 11 and
host one bus to the protocol of the other bus, and   35  adapter 10, target
drivers 22 communicate with performs other activities such as buffering of
com-  targets 13 indirectly, through host adapter driver 23 munications
flowing between the two buses. De-       and host adapter 10. Host adapter
driver 23 is a vices like host adapter 10 are well known in the art.
program that provides a standard communication Illustratively, host adapter
10 is based on the 5385  interface 24 to target drivers 22 and thereby
hides SCSI Protocol Controller of NCR Corporation. A   40  from target
drivers 22 any differences in structure plurality of host adapters may be
coupled to bus     and protocol that may exist between I/O bus 11 11, each
connected to a different device bus 12      and host adapter 10 of
different processors. Inter- and interfacing one or more targets 13 to bus
11.    face 24 is also optimized to support a simple, Alternatively, a
plurality of host adapters may be   uncomplicated, target driver 22 design,
yet to do coupled to bus 12, each connected to a different  45  so for
different target driver designs that control computer system's I/O bus 11.
many different types of devices 13. In this illustra- For purposes of
limiting access to bus 11 at     tive embodiment, interface 24 is referred
to as any one time to only one host adapter 10 or CPU      SCSI Driver
Interface (SDI). Interface 24 is a com- 16, the computer system  of FIG. 1
includes an       munication protocol that comprises a set of func-
arbitrator 14. Arbitrator 14 is likewise a conven-   50  tions which are
provided by host adapter driver 23 tional device.
for target drivers 22, data structures which are Central control 9 includes
a plurality of soft-  shared between drivers 22 and 23, and interrupt ware
components 20 through 23. These include         functions which are
provided by target drivers 22 user processes 20 which define the
application of   for host adapter driver 23. the computer system  of FIG.
1. A process is a   55     Host adapter driver 23 is a program comprising
fundamental entity of control within the computer    a set of routines that
allow target drivers 22 to system of FIG. 1. Each process illustratively
com-   communicate with target controllers 17. Host adapt- prises a private
data space in memory 15, register   er driver 23 handles the protocol of
communicating    9                 EP 0324 737 B1                      10 



between CC 9 and host adapter 10 across bus 11.      used for communicating
between host adapter driv- It is  responsible for queueing device commands
on     er 23 and host adapter 10. The SCB is used for host adapter 10, but
is independent of target con-   "normal" control blocks that pass through
device trollers 17 and devices 18 on bus 12. Functionally,  job queues
within the queued-access protocol. host adapter driver 23 appears to be a
single unit;   5  The ISCB data structure is substantially iden- however,
the actual implementation may be split     tical to the SCB  structure, but
is used for across several units -- across CC 9 and host adapt-
"immediate" control blocks -- those that do not er 10, for example.
pass through job queues within the queued-access Together, host adapter
driver 23 and host        protocol but are handled immediately. adapter 10,
along with I/O bus 11 and device bus   10   The SBTYPE field 1101 indicates
the type of 12, interface target drivers 22 to targets 13.       block --
SCB or ISCB in FIG. 11. When a target driver 22 receives an I/O re-
SC  COMP   CODE field 1102 is a completion - quest from kernel 21, it
issues the required inter-  code that indicates the current status of the
job. face 24 commands to host adapter driver 23. Inter-   Once the job is
finished -- whether successfully or face 24 isolates host-machine
dependencies from    15  unsuccessfully -- this code indicates either that
no target driver 22. In response, host adapter driver 23  errors were
detected, or the cause of any errors performs the host-specific (i.e.,
machine-depen-    that were detected. In this illustrative embodiment,
dent) activities, including issuing the I/O commands  field 1102 may take
on the following values: ia a queued-access protocol in this example. Host
SDI _ NOALLOC: indicates that this block has not -adapter 10 passes the
issued commands on to  20   been allocated by the host adapter driver. The
target controllers 17 over device bus 12. Target     target drivers should
never detect this code; the controllers 17 execute the commands on devices
SCCOMPCODE is set to this value when the 18.
SB is freed. When a job is complete, target controller 17     SDI__ASW: all
seems well means that the job has returns command completion status over
device   25  completed normally and no errors were detected. bus 12. Host
adapter 10 recovers from errors as      SDILINKFO: indicates that this
linked command needed, and passes the completion status back to
completed normally and a device bus (SCSI) com- host adapter driver 23.
Host adapter driver 23       mand flag bit was zero. receives the
completion status, and passes a com-    SDI _ LINKF1: indicates that this
linked command pletion notice back to target driver 22 via interface   30
completed normally and a device bus (SCSI) com- 24. Target driver 22
receives the completion notice,  mand flag bit was one. does any  necessary
housekeeping, and then          SDI_QFLUSH: when the target driver requests
that passes the job completion status to kernel 21 so    the job queue for
a device be flushed, all jobs in that it may be reported to user process 20
that      the queue are returned with this completion code. originated the
job.                             35   SDIABORT: indicates that this job was
aborted To communicate information to each other,        by the target
driver. host adapter driver 23 and target drivers 22 use     SDI__RESET:
when the host adapter driver detects ata structures of interface 24. A data
structure is  a reset on the device bus, it returns all outstanding -an
arrangement of a group of data items, or stor-    and queued jobs to the
target drivers with this age locations therefor, organized for access pur-
40  condition code. This code is also returned when a poses in a
predetermined manner and having a         target driver requests that a
target controller be predetermined data size (16 or 32 bits, for exam-
reset. pie). The data structures are resident in memory     SDICRESET: the
host adapter driver was working 15. In this illustrative embodiment, a data
structure  on this job and a fatal protocol error was detected, is referred
to as a SCSI block (SB). There are three   45   which caused the host
adapter driver to reset the types of SBs in this example: a SCSI control
block   device bus. (SCB), an immediate SCSI control block (ISCB),
SDI__V2PERR: indicates that virtual-to-physical ad- and a SCSI function
block (SFB). SCB and ISCB        dress translation failed. For example,
this error are shown in FIG. 11 and are designated by nu-       would be
returned if a required page table was not meral 1100. SFB is shown in FIG.
12 and is des-  50   present. ignated by numeral 1200.
SDITIME: is returned when the host adapter driv- Considering FIG. 11, the
SCB is the primary      er times out a job. data structure used by target
drivers 22 and host    SDI__NOTEQ: is returned by the host adapter driv-
adapter driver 23. The SCB includes a plurality of   er when it believes
the device is not equipped. fields 1101-1114 that have a data size of 32
bits  55   SDI__HAERR: indicates there was some problem and contain all
information needed for host adapter  between the host adapter driver and
the host driver 23 and a target controller 22 to execute an   adapter.
Possible causes are lack of I/O bus parity I/O job. In addition, the SCB
includes an area 1115  or an insane host adapter. 6    11                EP
0 324 737 B1                    12 



SDI MEMERR: indicates there was a memory           adapter will not execute
any target driver function. [err] while accessing the data area of the job.
The interrupt handler will not be called by the host SDI _SBUSER: is set
when the host adapter en-      adapter driver if the job completes during
the call counters a problem  on the device bus and all      which sent the
command. The only fields which the recovery action fails. A controller with
a faulty bus   5   host  adapter  changes  in  the  SCB   are: driver could
cause such an error.                  SC__COMPCODE,           SC-TIME,
and SDI CKSTAT: indicates that the status field should  SCSTATUS. When
linked commands are used, be checked. This error code is returned when the
each command is returned via the SCINT when target controller returns a
status other than GOOD.  that part of the link completes. SDISCBERR: is
returned if the SCB contains an   10    SC _STATUS field 1110 is a value
returned by error or an invalid type.                          the target
controller. When a CHECK CONDITION SDIOOS: is returned when a job is
submitted for   or BUSY status is returned, the host adapter sus- a device
which is out-of-service.                  pends processing of queued
commands to the SDI NOSELE: indicate that the host adapter driver  device.
If INTERMEDIATE status is returned, the timed-out trying to select a target
controller.  is  host adapter driver returns this control block to the
SDI__MISMAT: indicates that a target controller at-  target driver and
links to the next one. tempted to perform  an operation which did not
SC__CMDPT field 1104 is a virtual address agree with the data supplied in
the SCB. For exam-  pointing to the start of a target controller command
ple the controller attempted a data-in transfer, and  block, with the size
of the block indicated by the the SCB__READ flag was not set in SCMODE.
20   SC__CMDSZ field 1112. The command block in SDI _PROGRES: indicates
that the job has not       SC__CMDPT is not interpreted by the host adapter
completed yet. The SC__COMP__CODE is set to        driver. this value by
host adapter driver in the SDI_ICMD      SCDATAPT field 1105 is a virtual
address and SDI__SEND functions.                           pointing to the
start of the data area for the com- SDI__UNUSED: is for use by the target
driver when   25   mand, with the size of the area indicated by the it is
not using the control structure. The host adapt-  SC__DATASZ field 1113. er
driver sets the SC__COMP _ CODE to this value       SCLINK field 1111 is
used with linked com- when it allocates an SB for a target driver.
mands. When the target controller returns INTER- SDIONEIC: is returned when
more than one im-       MEDIATE status, the host adapter driver uses the
mediate request has been sent.                30  link pointer to advance
to the next control block. SDI__SFBERR: indicates an error in a field of an
This allows the target driver to define completely SFB.
different pointers for each command. When linked All of the above
completion codes have a bit    commands are  used, the  LINK  bit in the
field indicating the type of completion code. Four  SCMODE field must be
set. examples of possible completion codes are:     35      SC_ RESID field
1114 indicates how many SDI _ERROR: indicates that there was an error.
more bytes have been requested from the target SDIRETRY: indicates that the
error was probably   controller than is indicated in the data buffer. This
unrelated to this job and that the job may be      is used for partial
block transfers. Residue bytes retried.
which are received from the target controller are SDI__MESS: indicates that
a message regarding   40  discarded by the host adapter driver. Residue
this event has already been printed on a console   bytes which are
requested by the target controller and logged in an error log.
are sent as zeros. SDI__SUSPEND: indicates that the host adapter
SCTIME field 1107 indicates the maximum driver has suspended job processing
for this de-   number of milliseconds the host adapter driver vice.
45  should wait for the job to complete. The timing Continuing now with a
description of the fields  begins when the command is sent to the target of
the structure of FIG. 11.                       controller, and the
completion status must be re- SC _ INT field 1103 is a pointer to a target
turned before the timer runs out. If a time-out driver interrupt handler.
The interrupt handler is a  occurs, the host adapter driver sends an ABORT
function to be called by the host adapter driver to  50   message to the
target controller and returns the job notify the target driver that the job
has completed.  to the target driver. The processing of queued jobs It is
called with one argument which points to the  for that target controller is
suspended until it is SB of the job which completed.
resumed by the target driver. If the SC__TIME field If the  SCCOMPCODE
field  indicates         is zero, the job is not timed. The returned value
of SDISUSPEND, then the host adapter has sus-  55   SC__TIME indicates the
actual amount of time that pended sending commands to the logical unit and
the job took. the target driver is responsible for resuming the
SC__DEV field 1108 is the address of the de- queue. If the SCINT field is
NULL, the host       vice on the device bus. The address comprises a 7
13                 EP 0 324 737 B1                     14 



device number which is passed to the target driver  the target driver wants
to only suspend or resume by     kernel, and a logical unit number. Host
a queue. adapter driver decodes the target controller and     SFB__RESTM:
requests that the host adapter driv- host adapter address from the device
number. The     er send a bus device reset message to the ad- logical unit
number identifies a particular device    5   dressed target controller.
under a target controller.                           SFBABORTM: when this
code is passed, an SC_WD field 1106 is provided for use by the      ABORT
message is sent to the addressed logical target drivers. The field is not
examined or         unit. changed by the host adapter driver.
SFB_FLUSHR: is a request to flush a logical unit's SC__MODE field 1109
indicates any special   10   work queue. modes for this job. The valid
values for this field in  SFB__RESUME: indicates resume the normal job this
illustrative example are shown below.           queue. SCB__WRITE
SFBSUSPEND: indicates suspend the normal job indicates a non-read job
queue. Suspending a queue means that normal SCB__READ
15  jobs will not be sent to the logical unit until the indicates a read
data job                         queue has been resumed by the target
driver. SCB_LINK                                              In addition
to these fields, structure 1200 con- indicates that device bus (SCSI)
command link-    tains the area 1206 which is akin to area 1115 of ing is
used.                                      FIG. 11. SCB_HAAD
20       In order to illustrate the functionality and use of indicates that
the address is supplied by the     interface 24, FIGS. 2-5 flowchart the
operation of a host adapter driver.
generalized target driver 22, while FIGS. 6-10 SCB__PARTBLK
flowchart relevant portions of the operation of host indicates partial
block transfer.                 adapter driver 23, and FIGS. 13-15
flowchart rel- When SCB__PARTBLK is set in the mode field,  25  evant
portions of the operation of host adapter 10. it indicates that the data
area does not define the  Details of the structure and operation of a
target complete transfer. In this case, the SC _RESID       driver are
dependent upon the type and char- field indicates how many more bytes to
expect in     acteristics of devices that the target driver is de- the
transfer. These extra bytes will not be trans-   signed to control. It is
an advantage of interface 24 ferred between system  memory and the device
30  that it is independent of the device-specific fea- bus. If the transfer
is a write, zeros will be sent to  tures of target drivers, and thus is
usable with the target controller.                              target
drivers for many types of devices. The In addition to these fields,
structure 1100 con-  device-specific aspects of the operation of a target
tains an area 1115 used to communicate informa-      driver are therefore
irrelevant to the described em- tion from the host adapter driver to the
host adapt-  35   bodiment of the invention. er. The target controllers are
not aware of this area.  Turning to FIG. 2, it illustrates operation of a
Considering FIG. 12, the SFB is used to make     target driver 22 in
response to a kernel 21 request. inction requests to host adapter driver
23. SFBs   Target driver 22 receives a call from kernel 21, at -are
"immediate" function blocks; like ISCBs, they    step 200, requesting it to
perform  a peripheral do not pass through job queues but are handled   40
device job such as an I/O job. An I/O job may be, immediately.
for example, a request to read or write a data file The SFB includes a
plurality of fields 1201-     on a storage device such as a disk or a tape.
As 1205, and an area 1206 used for communications      part of such a call,
kernel 21 makes available to between host adapter driver 23 and host
adapter     target driver information required to perform the I/O 10. The
fields are defined as follows.          45  task. Such information may
include a device num- SB__TYPE field 1201 indicates the type of the    ber
identifying target 13 for which the I/O job is block -- SFB in FIG 12.
intended, a virtual address in I/O address space at SF__COMP__CODE field
1202 is identical to        which the job is to be performed, an address in
the SC__COMPCODE field in the SCB, and takes        memory 15 at which a
block of data for transfer to on the same values.
50  the device is to be obtained or at which a block of SFINT and SFDEV
fields 1203 and 1204           data transferred from a device is to be
stored, and are used in the same way as in the SCB structure.   length of
the data block. The only field which the host adapter changes in        In
response to the call, target driver 22 exam- the SFB is SC__COMP__CODE.
ines the information provided as part of the call, in SF__FUNC field 1205
indicates the function to  55   order to validate the request, at step 201.
For be performed. In this illustrative example, the de-  example, target
driver 22 checks whether the ad- fined functions are as follows:
dress and the size of the block are within allowed SFB_NOPF: indicates
no-op function, used when        range, and whether target 13 for which
this request 8    15                 EP 0 324737 B1
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is intended exists. If the check at step 201 in-      FIG. 11. Inter alia,
target controller specifies an [err] that the request is invalid, target
driver 22  SCB in SBTYPE field 1101 of the SB, and enters returns to kernel
21 a failure indication, at step 216.  in SC CMDPT field 1104 a pointer to
the target If the request is valid, however, driver 22 calls an  controller
command block that it created at step SDI_GETBLK function, at step 202.
This function    5   203. call is part of interface 24 provided by host
adapter    Having filled the SCB block, target driver 22 driver 23. The
SDIGETBLK function allocates an      calls an SDI_XLATE function, at step
205, passing SB for the job to target driver 22.                  a pointer
to the SCB as an argument. This function Response of host adapter driver 23
to the         call is part of interface 24. The SDIXLATE func- SDI__GETBLK
call is flowcharted in FIG. 6. Upon   10  tion provides translation
information for the virtual receipt of the call, at step 400, host adapter
driver  address, (SC__DATAPT  field  1105) and  size 23 checks whether any
SB is free and available, at   (SC_DATASZ field 1103) which are passed by
the step 401. Illustratively, host adapter driver 23 main-  SCB (see FIG.
11). tains a list of free SBs, and checks whether the list    Response of
host adapter driver 23 to the is empty.
15   SDI__XLATE call is flowcharted in FIG. 7. Upon If an SB is not
available, host adapter driver 23  receipt of the call, at step 500, host
adapter driver waits for one to become freed and available, at      23
obtains process-dependent information (i.e., in- step 402. An SB becomes
available by execution       formation dependent upon the particular
process of an SDI _FREEBLK function, shown in FIG. 10.       that initiated
the I/O job), which is required for This function returns a
previously-allocated SB to   20  translation, at step 501. Illustratively,
host adapter the free list. If a block is available, or when one  driver 22
obtains such information from a memory does become available, host adapter
driver 23 al-    management function of kernel 21. Host adaptor locates an
SB to target driver 22, at step 403.      driver 23 may not obtain the
information directly, Illustratively, host adapter driver 23 does so by
but may, for example, obtain a pointer to a seg- updating the state of its
linked list to remove the   25   ment descriptor table in memory 15 that
contains allocated SB therefrom. Host adapter driver 23 then  this
information. Host adapter driver 23 then stores returns the allocated SB to
target driver 22, at step  the obtained information in the SCB, at step
502, in 404, illustratively by returning to target driver 22 a  area 1115
(see FIG. 11). pointer to the SB in memory 15.                          In
an alternative embodiment, instead of storing Alternatively, there may be
only one target  30  translation information in area 1115 at step 502,
driver 22 in the system, or every target driver 22   host adapter driver 23
may directly perform the may have a group of SBs dedicated for its own
translation on the basis of this information and use. In such a case, every
SB has only one target    store the translated results in fields 1105 and
1113. driver 22 associated therewith as its user. Alloca-  In either case,
the translation information comes to tion of an SB to the target driver is
then more   35   be stored in the SCB. precisely an allocation of one of
the available SBs      Host adapter driver 23 then returns to target for
the target driver's task that prompted the alloca-  driver 22, at step 503.
tion call.                                               Returning  to
FIG. 2, after  calling  the Returning to FIG. 2, after it has called the
SDI_XLATE function at step 205, target driver 22 SDI_GETBLK function at
step 202, target driver 22   40   enqueues on its work queue the I/O job
repre- creates in memory 15 a target controller command     sented by the
SCB, at step 206, illustratively by block, at step 203. This block is the
message by     placing a pointer to the SCB on a linked list. Target which
target driver 22 communicates with a target    driver 22 then determines
whether to send a job controller 17 and directs it to perform a particular
out for execution, at block 207. The basis for de- job. The target
controller command block is de-   45   cision is target driver-dependent.
For example, tar- fined  by the specification  of device bus 12        get
driver 22 may wait for any previously-sent job (illustratively the SCSI
specification). Inter alia, this  to complete before sending another job.
If target block includes an op code that specifies to target   driver 22
determines that a job should not be sent controller 17 the function to be
performed, a logical  out for execution, it returns to kernel 21, at step
unit number identifying the one of devices 18 con-   50   215. trolled by
target controller 17 on which the function   If target driver 22 determines
at step 207 that a is to be performed, addressing information identify-
job should be sent out for execution, it calls an ing the data block on
which the function is to be    SDI__SEND function, at step 208, passing a
pointer performed, the size of that data block, and control  to the first
SCB on its work queue as an argument. flags.
55   The function call is part of interface 24. The The SB obtained by
target driver 22 at step       SDI _SEND function takes an SB and sends the
202 is empty, and target driver 22 proceeds to fill  target controller
command block on to the target it, at block 204, with information to form
an SCB of  controller. Commands sent to a logical unit via this 9    17
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function are executed by the logical unit in the     the message returned
by host adapter driver 23. If order  which they are sent.
the response indicates that the function call was Response of host adapter
driver 23 to the         successful, target driver 22 returns to step 207
to SDI _SEND call is flowcharted in FIG. 8. Upon        determine whether
there are any jobs queued on receipt of the call, at step 600, host adapter
driver   5   its work queue, and if so, whether to send the next 23
examines contents of the SB pointed to by the     job out for execution.
passed pointer in order to validate the request, at      If the response
received at step 209 is a step 601. For example, host adapter driver 23
"retry," target driver 22 sets an alarm timer, at step checks to make sure
that SBTYPE field 1101          210, which it identifies with the job that
failed to be (see FIG. 11) is correct for this request. If the   10  sent.
Target driver 22 then returns to step 207. check at step 601 indicates that
the request is      When the alarm timer times out, it alerts target
invalid, host adapter driver 23 returns to target    driver 22, at block
214, which responds by calling driver with an error indication, at step
609.        SDISEND at step 208 to try and send that job If the request is
valid, host adapter driver 23   again. checks at step 602 whether the
logical unit (device   15  If the response received at step 209 is an
error, 18) to which the job is directed is operational and  target
controller 22 notes the error in an error log, capable of performing the
job. For example, host     at step 211. Preferably, target controller 22
also adapter driver 23 checks device status information   causes the error
to be printed out on a console of [err] by host adapter 10 to make this
determination.  the computer of FIG. 1. Target controller 22 then -[err]
the target device 13 does not check out, host  20  fails the job, at step
212, illustratively by calling a adapter driver 23 fails the job, at step
603, by     function of kernel 21 that signifies job completion placing
the     appropriate    code    in         and passing to it as an argument
an error identifier SCCOMPCODE field 1102 (see FIG. 11) of the         that
indicates the cause of failure. The job being SB. The code warns the host
adapter 10 not to try    completed, albeit unsuccessfully, target
controller to execute the job. Host adapter driver 23 then   25   22 calls
the SDI _FREEBLK function, at step 213, continues to step 604, to satisfy
the SCSI require-  passing a pointer to the completed job's SCB as an ment
that jobs must be performed and returned in     argument. This function
call is part of interface 24. the order in which they are submitted.
The SDI _FREEBLK function returns a previously Following step 603, or if
the target device 13    allocated SB to the free block pool. checks out at
step 602, host adapter driver 23 fills  30  Response of host adapter driver
23 to the fields of area 1115 (see FIG. 11) of the SB with     SDI _FREEBLK
call is flowcharted in FIG. 10. Upon information required by host adapter
10 during its   receipt of the call, at step 800, host adapter driver
participation in execution of the job, at step 604.  23 validates the
request for deallocation of the SB This information varies with the
particular structure  pointed to by the passed pointer, at step 801. For of
host adapter 10. It may include, for example, the   35   example, host
adapter driver 23 makes sure that physical address of the target controller
command    the block to be deallocated is an allocated block. If block, and
the virtual address of the SCB.           validation fails, host adapter
driver 23 causes an Host adapter 10 maintains a work queue for        error
indication to be printed out on a control -every device 18, and host
adapter driver 23 checks   console of the system of FIG. 1, at step 802,
and whether there is room  on the queue of target  40  then "crashes" the
system, at step 803. A crash device 18 for the SCB, at step 605. If the
queue is  disables the system, and the system  must be full, host adapter
driver 23 returns a "retry" mes-  reinitialized before it can resume
operation. sage to target driver 22, at step 608. The retry        If the
request is found to be valid at step 801, message indicates that host
adapter driver 23 can-   host adapter driver 23 deallocates the SB, at step
not accept the job at this time, and it should be   45   804.
Illustratively, host adapter driver 23 does so retried later. If the queue
is not full, host adapter  by clearing the contents of the SB, and updating
driver 23 has the SCB placed on the queue of         the state of its
linked list of free blocks to include target device 18, at step 606.
Depending upon        among them the deallocated SB. Host adapter driv-
implementation, host adapter driver 23 can place     er 23 then returns to
target controller 22, at step the SCB on the queue directly, or it can
request  so   805. host adapter 10 to do so. Host adapter driver 23
Assuming that a job was sent out successfully, then returns to target
driver 22 with an "O.K."      upon completion of execution of that job,
whether message, at step 607. The O.K. message indicates     successful or
unsuccessful, host adapter 10 fills in that the request has not completed
yet, and the      appropriate values in fields of the job's SCB, and target
driver interrupt handler function will be called   55  then calls whatever
target driver interrupt handler when it does.
routine was specified  by target driver 22 in Returning to FIG. 2,
following the SDI_SEND       SC__INT field 1103 of the SCB (see FIG. 11).
This function call at step 208, target driver 22 examines  function call is
part of interface 24. 10    19                 EP 0 324 737 B1
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Since it is a target driver 22 that specifies    function of host adapter
driver 23, at step 309. This which one of, possibly, a plurality of
interrupt han-  function call is part of interface 24. SDI  ICMD is dling
routines will be called, and since different   functionally analogous to
SDISEND, discussed target drivers 22 may have different interrupt han-
earlier, the exception being that the function by- dling routines, response
of target drivers 22 to the   5   passes the SCBs enqueued in a logical
unit's call will vary. However, certain features of the re-  (device 18)
queue of the queued access protocol, sponse are likely to be common to all
target dri-    and immediately executes the requested operation. vers'
interrupt routines.                            Only if the logical unit is
busy is the job queued, FIGS. 3-4 diagram the generalized operation of a
and then only until the unit becomes free. target driver 22 in response to
an interrupt in order   10  The purpose of this SDIICMD call is to retry to
illustrate these common features and use of      the failed I/O job
immediately, without going interface 24 thereby.
through the job queue of target device 17. For this Upon receipt of the
interrupt, at step 300, tar-  purpose, target driver 22 passes a pointer to
the get driver 22 dequeues from its work queue the job   SB of the failed
job as part of the SDI ICMD call. whose completion has been signaled, at
step 301.  15    Because it is the SDI ICMD function and not
Illustratively, target driver 22 does so by removing  the SDI  SEND
function that is being called, prior a pointer to the SCB of that job from
a linked list of  to calling SDI_ICMD and passing to it the pointer
pointers. Target driver 22 then examines contents   to the SB of the job,
target driver 22 enters the of the job's SCB for errors, at step 302. This
value for ISCB in SB  TYPE field 1101 of the SB, examination
includes         examining   2o  to match the SB type with the call. SC
COMP  CODE field 1102 and SC-STATUS                 If target driver 22
determines at step 306 that it field 1110 (see FIG. 11) to determine if any
errors  was target controller 17 that failed the  I/O job, are indicated
thereby.                               target driver 22 creates a "request
sense" job, at If no errors are found at step 302, it means that  steps
307-308. This job requests from target con- the job was executed
successfully, and target driv-  25  troller 17 information on why it failed
the job. The er 22 completes the job, at step 314. Inter alia, this
request sense job is defined by the device bus 12 involves calling an
interrupt function of kernel 21 to  (SCSI) specification. Target driver 22
creates the inform it that the job has completed, and passing to  job at
steps 307-308 in a manner akin to creating a it results of the job and an
indication that the     standard job as described for steps 203 and 204. It
completion was successful. Target driver 22 then   so  creates a target
controller command block, at step calls the SDIFREEBLK function of FIG. 10,
at        307, and proceeds to fill an SB with information, at step 315, to
deallocate the SCB of the completed     step 308. Target driver 22 does not
call the job. Target driver 22 then proceeds to step 316 to   SDIGETBLK
function to assign to it an SB, but check for other jobs on its work queue
to send to   rather makes use of an SB that was preassigned to targets 13.
35  it, for maintenance and diagnostic purposes, at If errors are found at
step 302, target controller  system initialization. Target driver 22 also
does not 22 determines, at step 303, whether they are fatal   call the SDI
XLATE function to provide translation to the job. Fatality is a function
of, for example, the  information, as translations necessary for mainten-
type of job being run, the type of device 18 being   ance and diagnostics,
if any, will have been done controlled by target driver 22, and the error
recov-   40  at initialization time. Furthermore, target driver 22 ery
capabilities provided by target controller 22. If  enters a value for ISCB
in SBTYPE field 1101 the errors are determined to be fatal, target control-
(see FIG. 11) to identify the block as an ISCB. ler 22 notes them in an
error log that it maintains  Target driver 22 then calls the SDI ICMD
function, and by outputting an error message on a console      at step 309,
passing a pointer to the ISCB  created (not shown) of the system of FIG. 1,
at step 311,  45  at step 308, to cause execution of the request and also
fails the job, at step 312. Failing the job  sense job. includes calling an
interrupt function of kernel 21 to  Response of host adapter driver 23 to
an inform it of completion of the job and providing it  SDI  ICMD call is
diagramed in FIG. 9. A compari- with information indicating that the
competition was  son of FIG. 9 with FIG. 8 will show that steps 701-
unsuccessful. Target driver 22 then proceeds to  50   704 and 709 are
identical with steps 601-604 and steps 315 and 316, to call the SDI
FREEBLK          609, and the description given above applies to function
and to check its work queue for other jobs  both. to send, respectively.
Following completion of entry of information in If errors found at step 302
are determined not   the SB, at step 704, host adapter driver 23 exam- to
be fatal, at step 303, target driver 22 examines   55  ines SB  TYPE field
1101 or 1201 (see FIGS. 11 the error information provided by the job's SCB
to   and 12) of the SB to determine if it is an ISCB or determine if target
controller 17 failed the job, at  an SFB, at step 705. If the SB is an
ISCB, host step 306. If not, target driver calls an SDI_ICMD    adapter
driver 23 places it on an "immediate" 11    21                 EP 0 324 737
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queue for target device 18. Host adapter 10 main-  Illustratively, host
adapter 10 suspends a device's tain    immediate queue for each device 18.
The    work queue by setting a flag associated with the immediate queue is
a queue of length one; only     queue, and notifies target driver 22
thereof by one job can be on the queue at a time. A job on    means of
SCCOMP  CODE field 1102 of the SB the immediate queue takes priority over
any jobs   5   of the error-affected I/O job. on the normal job queue of a
device 18. The net        When target driver 22 determines at step 316
effect of placing a job on an immediate queue is to  that there is no job
on the work queue to send out place the job at the head of the normal job
queue,  to device 18, or that whatever jobs are on its work or to bypass
the normal job queue. Host adapter    queue should not be sent out to
device 18 at this driver 23 then returns to target driver 22 with an   10
time, it proceeds to check whether the queue for "O.K." message, at step
708.                       that device 18 is suspended, at step 324.
Illustra- If the SB is found to be an SFB at step 705,   tively, target
driver 22 does so by examining host adapter driver 23 places the job on a
function  SCCOMPCODE field 1102 of the SB whose queue maintained by host
adapter 10, at step 707.   pointer it received as step 300. If the queue is
not A host adapter 10 has only one function queue.  15  suspended, target
driver 22 returns, at step 331, to Jobs on the function queue take priority
over jobs  the point at which it was interrupted at step 300. on all other
queues. Host adapter driver 23 then       If it finds the queue suspended,
target driver 22 returns to target driver 22 with an "O.K." message,
creates an SFB (see FIG. 12), at step 325, by filling step 708.
with information the preassigned SB described Returning  to  FIG. 3, after
calling  the   20  above in conjunction with the request sense job. SDIICMD
function, at step 309, to retry the origi-  The function of the job
represented by the SFB is nal I/O job or to execute the "request sense"
job,  to "resume" the queue, i.e., to enable sending of target driver 22
examines the response returned by  jobs from the queue to associated device
18. Since that function. If the response is "O.K.," indicating  this is a
job for host adapter 10 and not for a target that the request has not
completed yet but the   25  controller 17, no pointer to a target
controller com- target driver interrupt handler will be called when it
mand block is included in the SFB. Target driver does complete, target
driver 22 merely returns, at  22 then calls the SDI__ICMD function, at step
326, step 331, to the point at which it was interrupted at  passing a
pointer to the SFB created at step 325. step 300.
Response of host adapter driver 23 to the call If the response is "error,"
indicating that the   30  is as described above for FIG. 9. request failed
validation, target driver 22 proceeds   After calling the SDIICMD function
at step to step 311 to note the original error -- the error in  326, target
driver 22 examines the response re- the original I/O job that led to an
attempt to re-  turned by that function, at step 327. If the response
execute the job or to execute the request sense job  is "O.K.", indicating
that the request has not com- -- in the error log and by outputting an
error  35  pleted yet but the specified target driver interrupt message on
a console, then proceeds to step 312    handler will be called when it does
complete, target to fail the original I/O job, and finally proceeds to
driver 22 merely returns, at step 331, to the point rep 315 to deallocate
the SCB of the original I/O  at which it was interrupted at step 300. -job,
all in the manner discussed previously. Target   If the response is
"error", indicating that the driver 22 then continues operation at step 316
of  40  request failed validation, target driver 22 notes the FIG. 4.
failure on an error log, and by outputting an error A comparison of FIG. 4
with FIG. 2 will show    message on a console, at step 328. Target driver
that steps 316-323 are substantially identical with  22 also fails the
original I/O job, at step 329, in a steps 207-214, and the description
given above     manner analogous to that described for step 312. applies to
both. A difference is that, at step 316,  45   Target driver 22 then calls
the SDI__FREEBLK target driver 22 checks only whether to send a job
function of FIG. 10 to free the SB of the failed job, to the particular
device 18 for which it has just  at step 330, and finally, target driver 22
returns, at completed or failed a job, as opposed to just any  step 331, to
the point at which it was interrupted at device 18.
step 300. Upon the occurrence of certain errors, target  50  FIG. 5
flowcharts the response of target con- driver 22 may need to undertake
certain actions,   troller 22 to completion of a successfully-sent such as
determining the cause of those errors,     "request sense" job (see steps
307-309 of FIG. 3). before the affected device 18 undertakes any new
Upon receipt of a call to the target driver jobs. For this reason, upon
receiving notice from   interrupt handler specified in SCINT field 1103 of
target controller 17 of one or more of such errors,  55  the request sense
job's ISCB, at step 1400, target host adapter 10 "suspends" the work queue
that it  driver 22 examines contents of the job's ISCB for maintains for
that device 18 to prevent any jobs on  errors, at step 1401, in a manner
akin to that the work queue from being sent to device 18.       described
for step 302. If no errors are found, 12    23                 EP 0 324 737
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target driver 22 continues operation at step 314 of  flowcharted in FIG.
15. Host adapter 10 then calls a 3 to successfully complete the original
I/O job.  bus state handler (BSH) function, at step 911. This If errors are
found, target driver 22 determines, at  function handles communications
with target con- step 1402, whether they are fatal to the original I/O
troller 17 that are required for completion of the job. Target driver 22
makes that determination in a   5   job. The BSH function is defined by the
SCSI bus manner akin to that described for step 303. If the  specification.
When the job completes, the BSH errors are fatal, target driver 22 proceeds
to steps  function calls the "return job" function of FIG. 14. 311 et seq.
of FIG. 3 to fail the original I/O job. If  If host adapter 10 finds an
immediate com- the errors are not fatal, target driver 22 proceeds to  mand
pending on an immediate queue of a free step 309 of FIG. 3 to try
re-executing the original  10  device, at step 904, it examines the ISCB to
vali- I/O job.                                            date information
contained by it, at step 908. If FIGS. 13-15 flowchart portions of the
operation  validation fails, host adapter 10 sets the completion of host
adapter 10 that are relevant to an under-   code of the ISCB to indicate
the failure, at step standing of interface 24. Turning first to FIG. 13,
915, and then calls the "return job" function of FIG. when device bus 12
becomes free and there are  is  14, at step 916. If validation succeeds,
host adapter jobs waiting to execute on device work queues, at   10 sends
the immediate command to device 18 step 900, host adapter 10 calls a
bus-free handler  over bus 12 through target controller 17, at step (BFH)
function, at step 901. This function is re-   909, and then starts timing
the job, at step 910, sponsible for sending an initialization command to
and calls the BSH function, at step 911. a target controller 17 and
otherwise prepares target  20  If host adapter 10 finds a function on the
func- controller 17 and bus 12 for performing another     tion queue, at
step 903, it examines the BFH to job. The BFH function is defined by the
SCSI bus    validate information contained by it, at step 913. If
specification.                                      validation succeeds,
host adapter 10 executes the Having called the BFH function, host adapter
function, at step 914, and then calls the "return 10 examines results
thereof to determine whether  25  job" function of FIG. 14, at step 915. If
validation bus 12 is really free, at step 902. For example, a  fails, host
adapter 10 sets the completion code of unit having higher priority of
access to bus 12 than  the BFH to indicate the failure, at step 915, and
this host adapter 10 may be requesting access to    then calls the "return
job" function, at step 916. bus 12, so consequently bus 12 may not be free
The "return job" function flowcharted in FIG. for use by this host adapter
10. If bus 12 is not  30  14 is executed by host adapter 10 upon completion
really free, host adapter 10 merely retuns, at step  -- successful or
unsuccessful -- of execution of any 912, to await the bus becoming free.
job, command, or function. Its purpose is to return If bus 12 is free, host
adapter 10 checks its   information about the completion to the originating
function queue, on which SFBs are queued, to        target driver 22.
determine if there are any functions to perform, at  35  When it receives
the "return job" call, at step step 903. If there are no functions, host
adapter 10  1000, host adapter 10 checks whether the comple- checks device
18 immediate queues, on which         tion code field (SCCOMPCODE field
1102 or ISCBs are queued, of free devices 18 to determine   SF__COMP__CODE
field 1202, see FIGS. 11 and if there are any immediate commands to
perform,     12) of the SB of the job, command, or function, is at step
904. And, if there are no immediate com-   40  set. If not, host adapter 10
sets it. If or when the mands, host adapter 10 checks device job queues,
code is set, host adapter 10 stops timing the job or on which SCBs are
queued, of free devices 18 for    command, at step 1003, and checks the
comple- which queues are not suspended, to determine if     tion code field
to determine whether job queue there are any I/O jobs to perform, at step
905. If  suspension for the device 18 is required, at step there are no
jobs, host adapter 10 returns, at step   45  1004. Criteria for job
suspension are dependent 912, to await receipt of work to do.
upon the indicated error type and upon the require- If host adapter 10
finds a job pending on an     ments of the application to which the system
is put. unsuspended queue, of a free device 18, at step     If queue
suspension is required, host adapter 10 905, it examines the SCB to
validate information    suspends the queue, at step 1005. Following queue
contained by it, at step 906. If validation fails, host  50  suspension, or
if queue suspension is not required, adapter 10 sets completion code of the
SCB to       host adapter 10 returns the job, command, or func- indicate
the failure, at step 915, and then calls, at  tion to host adapter driver
23, at step 1006. Illustra- step 916, a "return job" function of FIG. 14,
dis-  tively, the return is accomplished via an interrupt cussed below. If
validation succeeds, host adapter  of, or a function call to, host adapter
driver 23, 10 sends the job to device 18 over bus 12 through   55  passing
a pointer to the SB of the job, command or target controller 17, at step
907, and starts a timer  function as an agreement. Host adapter 10 then to
time the duration of the job, at step 910. Re-   updates the state of any
information that it main- sponse of host adapter 10 to the timer timing out
is  tains about the device 18 to which the job, com- 13    25
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mand  or function related, at step 1007, to reflect      the interfacing
arrangement; the   npletion. Host adapter 10 then issues an              in
response to receipt of the second call, interrupt to host adapter driver 23
to cause it to call  the interfacing arrangement executing (FIGS. whatever
target driver interrupt function was speci-     8, 13, 14), in cooperation
with the peripheral fied by the SCINT field 1103 or SBINT field    5
device, the job defined by the first information; 1203 (see FIGS. 11 and
12) of the SB of the              and completed job. The call notifies
target driver 22 of         upon completion of execution of the job,
completion of execution of the task specified by         the interfacing
arrangement issuing to the driv- the SB. This call is part of interface 24.
It allows     er the call (1008) specified by the second the target driver
22 itself to specify how it wishes   10  information; to be notified of
job, command, and function com- pletion. Response of target driver 22 to
this call is  2. The method of claim 1 further flowcharted in FIGS. 3-4 and
was discussed above.            CHARACTERISED BY the steps of: Following
the call of the target driver interrupt        following the receipt of the
call from the function, host adapter 10 calls the BFH function, at   15
interfacing arrangement, the driver issuing a step 1009, and then returns,
at step 1010, to the        third call (FIG. 3) to the interfacing arrange-
point at which it was called at step 1000.               ment; and FIG. 15
indicates operation of host adapter 10           in response to receipt of
the third call, the response to a timer, started at step 910 of FIG.
interfacing arrangement deallocating (FIG. 10) 13, timing out before the
timer is stopped at step   20  the data structure from the driver. 1003 of
FIG. 14. Upon receipt of the timeout indication, at step   3. The method of
claim 1 1300, host adapter 10 sends an abort signal to
CHARACTERISED IN THAT the step of target controller 17 of device 18 to
which the job or    storing in the data structure first and second
immediate command pertains, at step 1301, in or-  25     information
comprises the step of der to abort the job or command. Host adapter 10
the driver storing (204) in the data struc- then returns the task to host
adapter driver 23, at      ture the first information including addressing
step 1302, in the manner described for step 1006         information, and
the second information, of FIG. 14. Host adapter 10 updates the state of
the driver issuing a third call (205) to the device 18 to which the task
pertains, at step 1303,   30  interfacing arrangement, and in the manner
described for step 1007 of FIG. 14.            in response to receipt of
the third call, the And host adapter 10 generates an interrupt to host
interfacing arrangement storing (FIG. 7) in the adapter driver 23 to cause
host adapter driver 23 to     data structure information for translating
the call the target driver interrupt function specified by   addressing
information. the task's SB, at step 1304, which call notifies   35 target
driver 22 of the abort. Finally, at step 1305,  4. The method of claim 1
host adapter 10 returns to the point at which it was         CHARACTERISED
IN THAT the step of interrupted at step 1300.
executing the job comprises the steps of in response to receipt of the
second call, Claims                                          40
enqueuing (FIG. 8) the job with other unex- ecuted jobs, 1. A method of
performing a peripheral device                executing (FIGS. 13, 14), in
cooperation job in a system including a peripheral device        with the
peripheral device, enqueued jobs in (18), a driver (22) for controlling the
peripheral   an order in which they are enqueued, and device, and an
arrangement (10, 17, 23) for   45         the interfacing arrangement
storing (911, interfacing the driver to the peripheral device,     915,
1002) in the data structure third informa- CHARACTERISED BY the steps of:
tion concerning success of execution of the the driver issuing a first call
(202) to the     job; and further interfacing arrangement;
CHARACTERISED BY the steps of in response to receipt of the first call, the
so   following receipt of the call from the inter- interfacing arrangement
allocating (FIG. 6) a        facing arrangement, the driver examining (302)
data structure (1100) to the driver;                 the third information
to determine whether job in response to the allocation, the driver
execution was successful, storing (203-206) in the data structure first in-
in response to determining that job execu- formation defining a peripheral
device job and   55  tion was unsuccessful, the driver issuing a second
information specifying a call to be           third call (306-309) to the
interfacing arrange- made upon completion of execution of the job;
ment, and the driver issuing a second call (208) to            in response
to receipt of the third call, the 14    25                 EP 0 324 737 B1
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mand, or function related, at step 1007, to reflect      the interfacing
arrangement; the   npletion. Host adapter 10 then issues an
in response to receipt of the second call, interrupt to host adapter driver
23 to cause it to call  the interfacing arrangement executing (FIGS.
whatever target driver interrupt function was speci-     8, 13, 14), in
cooperation with the peripheral fied by the SCINT field 1103 or SBINT field
5       device, the job defined by the first information; 1203 (see FIGS.
11 and 12) of the SB of the              and completed job. The call
notifies target driver 22 of         upon completion of execution of the
job, completion of execution of the task specified by         the
interfacing arrangement issuing to the driv- the SB. This call is part of
interface 24. It allows     er the call (1008) specified by the second the
target driver 22 itself to specify how it wishes   10  information; to be
notified of job, command, and function com- pletion. Response of target
driver 22 to this call is  2. The method of claim 1 further flowcharted in
FIGS. 3-4 and was discussed above.            CHARACTERISED BY the steps
of: Following the call of the target driver interrupt        following the
receipt of the call from the function, host adapter 10 calls the BFH
function, at   15  interfacing arrangement, the driver issuing a step 1009,
and then returns, at step 1010, to the        third call (FIG. 3) to the
interfacing arrange- point at which it was called at step 1000.
ment; and FIG. 15 indicates operation of host adapter 10           in
response to receipt of the third call, the response to a timer, started at
step 910 of FIG.       interfacing arrangement deallocating (FIG. 10) [err]
timing out before the timer is stopped at step   20  the data structure
from the driver. 1003 of FIG. 14. Upon receipt of the timeout indication,
at step   3. The method of claim 1 1300, host adapter 10 sends an abort
signal to               CHARACTERISED IN THAT the step of target controller
17 of device 18 to which the job or    storing in the data structure first
and second immediate command pertains, at step 1301, in or-  25
information comprises the step of der to abort the job or command. Host
adapter 10             the driver storing (204) in the data struc- then
returns the task to host adapter driver 23, at      ture the first
information including addressing step 1302, in the manner described for
step 1006          information, and the second information, of FIG. 14.
Host adapter 10 updates the state of             the driver issuing a third
call (205) to the device 18 to which the task pertains, at step 1303,   30
interfacing arrangement, and in the manner described for step 1007 of FIG.
14.            in response to receipt of the third call, the And host
adapter 10 generates an interrupt to host       interfacing arrangement
storing (FIG. 7) in the adapter driver 23 to cause host adapter driver 23
to     data structure information for translating the call the target
driver interrupt function specified by    addressing information. the
task's SB, at step 1304, which call notifies   35 target driver 22 of the
abort. Finally, at step 1305,  4. The method of claim 1 host adapter 10
returns to the point at which it was         CHARACTERISED IN THAT the step
of rupted at step 1300.                                 executing the job
comprises the steps of in response to receipt of the second call, Claims
40      enqueuing (FIG. 8) the job with other unex- ecuted jobs, 1. A
method of performing a peripheral device                executing (FIGS.
13, 14), in cooperation job in a system including a peripheral device
with the peripheral device, enqueued jobs in (18), a driver (22) for
controlling the peripheral    an order in which they are enqueued, and
device, and an arrangement (10, 17, 23) for   45         the interfacing
arrangement storing (911, interfacing the driver to the peripheral device,
915, 1002) in the data structure third informa- CHARACTERISED BY the steps
of:                   tion concerning success of execution of the the
driver issuing a first call (202) to the     job; and further interfacing
arrangement;                                 CHARACTERISED BY the steps of
in response to receipt of the first call, the   50    following receipt of
the call from the inter- interfacing arrangement allocating (FIG. 6) a
facing arrangement, the driver examining (302) data structure (1100) to the
driver;                 the third information to determine whether job in
response to the allocation, the driver         execution was successful,
storing (203-206) in the data structure first in-        in response to
determining that job execu- formation defining a peripheral device job and
55   tion was unsuccessful, the driver issuing a second information
specifying a call to be            third call (306-309) to the interfacing
arrange- made upon completion of execution of the job;         ment, and
the driver issuing a second call (208) to            in response to receipt
of the third call, the 14    27                 EP 0 324 737 B1
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C   L   M   S * interfacing arrangement executing (FIGS. 9, 13,  8. The
apparatus of claim 6 further 14) an unenqueued job defined by information
CHARACTERISED  IN  THAT the driver stored in a data structure by the
driver, before     comprises: executing any enqueued jobs.
means, responsive to receipt from the in- 5       terfacing arrangement of
the call specified by 5. The method of claim 4
the second information, for issuing a third call CHARACTERISED IN THAT the
step of                (FIG. 3) to the interfacing arrangement for data
executing a job in response to receipt of the        structure
deallocation; and the interfacing ar- third call comprises the step of
rangement comprises: re-executing, in cooperation with the pe-  10
means, responsive to the third call, for ripheral device, the
unsuccessfully-executed         deallocating (FIG. 10) the data structure
from job defined by the first information, before ex-     the driver and
the job. ecuting any enqueued jobs. 9. The apparatus of claim 7 6. The
method of claim 4                        15          CHARACTERISED IN THAT
the means for CHARACTERISED IN THAT the step of                storing
information in the data structure com- issuing a third call comprises the
step of           prise in response to determining that job execu-
means for storing (204) in the data struc- tion was unsuccessful, the
driver storing (308)      ture the first information including addressing
in a second data structure fourth information   20   information, and
defining a second job; and wherein                      means for issuing a
third call (205) to the the step of executing a job in response to
interfacing arrangement, prior to the second receipt of the third call
comprises the step of      call; and wherein executing the job defined by
the fourth              the interfacing arrangement further com-
information before executing any enqueued   25       prises jobs.
means, responsive to receipt of the third call, for storing (FIG. 7) in the
data structure 7. An apparatus for performing a peripheral de-
information for translating the addressing in- vice job and including a
peripheral device (18),     formation. a driver (22) for controlling the
peripheral de-   30 vice, and an arrangement (10, 17, 23) for inter-  10.
The apparatus of claim 7 facing the driver to the peripheral device,
CHARACTERISED IN THAT the means for CHARACTERISED  IN  THAT the driver
executing the job comprise comprises:
means, responsive to receipt of the sec- means for issuing a first call
(202) to the   35  ond call, for enqueuing (FIG. 8) a job defined
interfacing arrangement for data structure al-       by information stored
in the data structure with location,
other unexecuted jobs, means, responsive to the allocation of a
means for executing (FIGS. 13, 14), coop- data structure, for storing
(203-206) in the data    eratively with the device, enqueued jobs in an
structure first information defining the periph-   40  order in which they
are enqueued, eral device job, and second information speci-          means
for storing (911, 915, 1002) in the fying a call to be made upon completion
of           data structure information concerning execu- execution of the
job, and                            tion of the job, and means for issuing
a second call (208) to             means, responsive to receipt of a third
call the interfacing arrangement for job execution;  45   from the driver,
for executing (FIGS. 9, 13, 14) and further
an unenqueued job defined by information CHARACTERISED IN THAT the
interfacing            stored in a data structure by the driver, before
arrangement comprises:                               execution of any
enqueued jobs; and further means, responsive to the first call, for al-
CHARACTERISED BY locating (FIG. 6) a data structure (1100) to the   50
means, responsive to receipt from the in- driver for the job,
terfacing arrangement of the call specified by means, responsive to the
second call, for        the second information, for examining (302) the
executing (FIGS. 8, 13, 14), cooperatively with     information concerning
execution of the job to the device, the peripheral device job defined
determine success of the execution, and by the first information, and
55          means, responsive to determination by the means for issuing to
the driver the call         determining means that job execution was un-
(1008) specified by the second information,          succcessful, for
issuing the third call (306-309) upon completion of execution of the job.
to the interfacing arrangement. 15    
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111111111111111111111111111 * C   L   M   S * 11. A communication interface
(24) for use be-          (10, 17, 23) zur Schnittstellenbildung zwischen
[err] a device driver (22) and an interfacing       dem Treiber und dem
peripheren Gerat, arrangement (10, 17, 23) in a system for per-
gekennzeichnet durch die Schritte: forming peripheral device jobs and
comprising        der Treiber gibt einen ersten Aufruf (202) an a
peripheral device (18), the device driver for   5  die
Schnittstellenanordnung aus; controlling the peripheral device, and the
inter-    unter Ansprechen auf den Empfang des ersten facing arrangement
for coupling the device to        Aufrufs ordnet die
Schnittstellenanordnung the device driver, the communication interface
(Fig. 6) dem Treiber eine Datenstruktur (1100) CHARACTERISED BY:
zu; a data structure (FIG. 11);             10       unter Ansprechen auf
die Zuordnung speichert a predetermined first function call (400,
(203-206) der Treiber in der Datenstruktur eine 500), issued by the device
driver to the inter-      erste, eine Periphergeratarbeit definierende In-
facing arrangement, for allocating the data         formation und eine
zweite Information, die ei- structure to the driver;
nen bei Beendigung der ArbeitsausfUhrung a predetermined second function
call (600,  15   auszufUhrenden Aufruf angibt; 700), issued by the device
driver to the inter-      der Treiber gibt elnen zweiten Aufruf (208) an
facing arrangement, for execution cooperative-       die
Schnittstellenanordnung aus; ly with the device of a peripheral device job
unter Ansprechen auf den Empfang des zwel- defined by information stored in
the data struc-     ten Aufrufs fihrt die Schnittstellenanordnung ture by
the driver; and                     20       (Fig. 8, 13, 14) in
Zusammenwirken mit dem a third function call (300), issued by the
peripheren Gerdt die durch die erste Informa- interfacing arrangement to
the device driver,        tion definierte Arbeit aus; und upon completion
of execution of the job, of a        wenn die AusfOhrung der Arbeit beendet
ist, function specified by information stored in the      gibt die
Schnittstellenanordnung dem  durch data structure by the driver.
25       die zweite Information angegebenen Aufruf (1008) an den Treiber
aus. 12. The interface of claim 11 further CHARACTERISED BY:
2. Verfahren nach Anspruch 1, a predetermined fourth function call (800),
gekennzeichnet durch die Schritte: issued by the device driver to the
interfacing   30  nach dem  Empfang des Aufrufs von der arrangement, for
deallocating the data struc-        Schnittstellenanordnung gibt der
Treiber einen ture from the driver.                                dritten
Aufruf (Fig. 3) an die Schnittstellenan- ordnung aus; und 13. The
communication interface of claim 11              unter Ansprechen auf den
Empfang des dritten CHARACTERISED IN THAT the first func-  35
Aufrufs l6st (Fig. 10) die Schnittstellenanord- tion call includes
nung die Zuordnung der Datenstruktur zu dem a function call (500) for
storing in the data    Treiber. structure information for translating
addressing information defining the job and stored in the   3. Verfahren
nach Anspruch 1, data structure by the driver.               40
dadurch gekennzeichnet, daRi der Schritt zur Speicherung der ersten und 14.
The communication interface of claim 11             zweiten Information in
der Datenstruktur die CHARACTERISED IN THAT the second
Schritte umfalt: function call comprises                              der
Treiber speichert (204) in der Datenstruktur a call (600) for enqueuing the
job with  45      die  erste  Information  einschliellich  einer other
unexecuted jobs for execution in an or-        Adressierinformation und die
zweite Informa- der in which the jobs are enqueued, or              tion; a
call (700) for execution of an unen-           der Treiber gibt einen
dritten Aufruf (205) an queued job defined by information stored in a
die Schnittstellenanordnung aus; und data structure by the driver, before
execution   50  unter Ansprechen auf den Empfang des dritten of any
enqueued jobs.                                Aufrufs speichert (Fig. 7)
die Schnittstellenan- ordnung in der Datenstruktur Informationen
PatentansprUche                                         zum Umsetzen der
Adressierinformation. 1. Verfahren zur AusfUhrung einer Periphergerat-  55
4. Verfahren nach Anspruch 1, arbeit in einem System mit einem peripheren
dadurch gekennzeichnet, daR der Schritt zur Gerat (18), einem Treiber (22)
zur Steuerung         AusfUhrung der Arbeit die Schritte umfalt: des
peripheren Gerates und einer Anordnung           unter Ansprechen auf den
Empfang des zwei- 18    
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die Arbeit zusammen mit wei-         zur Schnittstellenbildung zwischen dem
Treiber :eren, nicht ausgefUhrten Arbeiten in eine War-       und die
peripheren Gerit, teschlange eingereiht (Fig. 8);
dadurch gekennzeichnet, dal der Treiber auf- in Zusammenwirken mit dem
peripheren Ger~t            weist: ausfUhren (Fig. 13, 14) eingereihter
Arbeiten in    5  eine Einrichtung zur Ausgabe eines ersten Auf- einer
Reihenfolge, in der sie in die Wartesch-        rufs (202) an die
Schnittstellenanordnung zur lange eingereiht worden sind; und
Datenstrukturzuordnung, die  Schnittstellenanordnung  speichert (911,
eine Einrichtung, die unter Ansprechen auf die 915, 1002) in der
Datenstruktur eine dritte In-       Zuordnung einer Datenstruktur in diese
eine formation betreffend die erfolgreiche AusfUh-   10    erste, die rung
der Arbeit, und                                  Periphergeratarbeit
definierende  Information ferner gekennzeichnet durch die Schritte:
und eine zweite Information einspeichert (203- nach dem  Empfang des
Ausrufs von der                 206), welche einen Aufruf angibt, der
auszufUh- Schnittstellenanordnung prlft (302) der Treiber       ren ist,
wenn die AusfUhrung der Arbeit been- die dritte Information, um
festzustellen, ob die   15  det wird, und AusfUhrung der Arbeit erfolgreich
war;                eine Einrichtung zur Ausgabe eines zweiten unter
Ansprechen auf die Feststellung, daB die        Aufrufs (208) an die
Schnittstellenanordnung AusfUhrung der Arbeit nicht erfolgreich war,
zur ArbeitsausfOhrung, und daR die Schnittstel- gibt der Treiber einen
dritten Aufruf (306-309)       lenanordnung aufweist: an die
Schnittstellenanordnung aus; und      20       eine Einrichtung, die unter
Ansprechen auf den unter Ansprechen auf den Empfang des dritten
ersten Aufruf dem Treiber fUr die Arbeit eine Ausrufs fthrt (Fig. 9, 13,
14) die Schnittstelle-     Datenstruktur (1100) zuordnet (Fig. 6),
nanordnung eine nicht elngereihte, durch eine         eine Einrichtung, die
unter Ansprechen auf den vom Treiber in einer Datenstruktur gespeicher-
zweiten Aufruf in Zusammenwirken mit dem te Information definierte Arbeit
vor AusfUhrung   25  peripheren Gerdt, die durch die erste Informa-
eingereihter Arbeiten aus.                            tion  definierte
Periphergeratarbeit ausfUhrt (Fig. 8, 13, 14), und 5. Verfahren nach
Anspruch 4,                             eine Einrichtung, die an den
Treiber den durch dadurch gekennzeichnet, daB des Schritt fUr           die
zweite Information angegebenen Aufruf die AusfUhrung einer Arbeit unter
Ansprechen   30     (1008) ausgibt, wenn die Ausf~hrung der Arbeit auf den
Empfang des dritten Aufrufs den              beendet ist. Schritt umfalt:
in Zusammenwirken mit dem peripheren Ge-          8. Vorrichtung nach
Anspruch 6, rat, erneute Ausf~hrung der erfolglos ausge-          dadurch
gekennzeichnet, fUhrten, durch die erste Information definierten   35  daR
der Treiber eine Einrichtung aufweist, die Arbeit vor AusfUhrung von nicht
eingereihten          eine Einrichtung, die unter Ansprechen auf den
Arbeiten.                                             Empfang des durch die
zweite Information an- gegebenen Aufrufs von der Schnittstellenan- 6.
Verfahren nach Anspruch 4,                             ordnung einen
dritten Aufruf (Fig. 3) an die dadurch gekennzeichnet, daB der Schritt zur
40      Schnittstellenanordnung ausgibt, um  die Zu- Ausgabe eines dritten
Aufrufs den Schritt um-         ordnung der Datenstruktur zu Ibsen, und dal
fant:                                                 die unter Ansprechen
auf die Feststellung, dal die        Schnittstellenanordnung eine
Einrichtung auf- AusfUhrung der Arbeit nicht erfolgreich war,
weist, die unter Ansprechen auf den dritten speichert (308) der Treiber in
einer zweiten   45     Aufruf die Zuordnung der Datenstruktur zu
Datenstruktur eine vierte, eine zweite Arbeit         dem Treiber und der
Arbeit lost (Fig. 10). definierende Information; und daO der Schritt zur
AusfUhrung einer Arbeit       9. Vorrichtung nach Anspruch 7, unter
Ansprechen auf den Empfang des dritten          dadurch gekennzeichnet,
Aufrufs den Schritt umfalt:                  50       dal die Einrichtung
zur Einspeicherung von Ausfihren der durch die vierte Information de-
Informationen in der Datenstruktur eine Einrich- finierten Arbeit vor
AusfUhrung nicht eingereih-      tung zur Einspeicherung (204) der ersten
Infor- ter Arbeiten.                                         mation
einschliellich einer Adressierinforma- tion in die Datenstruktur und eine
Einrichtung 7. Vorrichtung zur AusfUhrung einer Peripherge-   55      zur
Ausgabe eines dritten Aufrufs (205) an die ratarbeit mit einem peripheren
Gerat (18), ei-        Schnittstellenanordnung vor dem zweiten Auf- nem
Treiber (22) zur Steuerung des periphe-           ruf aufweist, und ren
Gerates und einer Anordnung (10, 17, 23)          daR die
Schnittstellenanordnung ferner elne 17    
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11111111111111111111111111111111 Einrichtung aufweist, die unter Ansprechen
auf       Schnittstellenanordnung ausgegeben wird, um Empfang des dritten
Aufrufs in der Daten-        in Zusammenwirken mit dem Gerat eine Peri-
struktur Informationen  zum  Umsetzen  der           phergeratarbeit
auszufUhren, die durch Infor- Adressierinformation speichert (Fig. 7).
mationen definiert wird, welche durch den Trei- 5       ber in die
Datenstruktur eingespeichert worden 10. Vorrichtung nach Anspruch 7,
sind, und dadurch gekennzeichnet, daB die Einrichtung          einen
dritten Funktionsaufruf (300), der von der zur AusfUhrung der Arbeit
aufweist:                  Schnittstellenanordnung an den Geratetreiber
eine Einrichtung, die unter Ansprechen auf den       ausgegeben wird, wenn
die AusfUhrung der Empfang des zweiten Aufrufs eine durch in der   10
Arbeit beendet ist, und zwar bezUglich einer Datenstruktur gespeicherte
Informationen defi-       Funktion, die durch  Informationen definiert
nierte Arbeit zusammen mit anderen, nicht            wird, welche durch den
Treiber in die Daten- ausgefUhrten Arbeiten in eine Warteschlange
struktur eingespeichert worden sind. (Fig. 8) einreiht, eine Einrichtung,
die in Zusammenwirken mit  15  12. Schnittstelle nach Anspruch 11, dem
peripheren Ger~t eingereihte Arbeiten in         gekennzeichnet durch einen
vorbestimmten einer Reihenfolge ausflhrt (Fig. 13, 14), in der     vierten
Funktionsaufruf (800), der von dem Ge- sie in die Warteschlange eingereiht
worden           ratetreiber an die Schnittstellenanordnung aus- sind,
gegeben wird, um die Zuordnung der Daten- eine Einrichtung zur Speicherung
(911, 915,  20      struktur zu dem Treiber zu l6sen. 1002) von
Informationen in der Datenstruktur, die die AusfUhrung der Arbeit
betreffen, und     13. Schnittstelle nach Anspruch 11, eine Einrichtung,
die unter Ansprechen auf den       dadurch gekennzeichnet, Empfang eines
dritten Aufrufs von dem Treiber        dab der erste Funktionsaufruf einen
Funktions- eine nicht eingereihte Arbeit ausfUhrt (Fig. 9,  25  aufruf
(500) enthalt, der in die Datenstruktur 13, 14), die durch Informationen
definiert wird,     Informationen fUr die Umsetzung von Adres- welche von
dem Treiber in der Datenstruktur          sierinformationen einspeichert,
die die Arbeit gespeichert worden sind, und zwar vor AusfUh-
definieren und durch den Treiber in die Daten- rung nicht eingereihter
Arbeiten, und ferner         struktur eingespeichert worden sind.
gekennzeichnet durch                        30 eine Einrichtung, die unter
Ansprechen auf den   14. Schnittstellen nach Anspruch 11, Empfang des durch
die zweite Information an-         dadurch gekennzeichnet, daI der zweite
Funk- gegebenen Aufrufs von der Schnittstellenan-         tionsaufruf
aufweist: ordnung, die die Ausfihrung der Arbeit betref-       einen Aufruf
(600) zur Einreihung der Arbeiten fende Information prUft (302), um den
Erfolg  35     zusammen mit weiteren, nicht ausgefUhrten Ar- bei der
Ausfthrung festzustellen, und                beiten in eine warteschlange
fUr die Ausfih- eine Einrichtung, die unter Ansprechen auf die      rung in
einer Reihenfolge, in welcher die Arbei- Feststellung durch die
Feststelleinrichtung, dab    ten eingereiht worden sind, oder die
AusfUhrung der Arbeiten nicht erfolgreich        einen Aufruf (700) zur
AusfUhrung einer nicht war, den dritten Aufruf (306-309) an die  40
eingereihten, durch Informationen definierten Schnittstellenanordnung
ausgibt.                     Arbeit, die durch den Treiber in die
Datenstruk- tur eingespeichert worden sind, und zwar vor 11.
Nachrichtenschnittstelle (24) zur Verwendung        AusfUhrung von
eingereihten Arbeiten. zwischen einem Geratetreiber (22) und einer
Schnittstellenanordnung (10, 17, 23) in einem    45   Revendlcations System
zur Ausfflhrung von Periphergerdtar- beiten mit einem peripheren Gerat
(18), dem      1. Un proc6d6 pour effectuer un travail de dispo-
Geratetreiber zur Steuerung des peripheren           sitif periph6rique
dans un systame comprenant Gerates und der Schnittstellenanordnung zur
un dispositif p6ripherique (18), une unite de Ankopplung des Gerates an den
Geratetreiber,  50     commande (22) pour commander le dispositif
gekennzeichnet durch                                 periph~rique et une
structure (10, 17, 23) pour eine Datenstruktur (Fig. 11),
remplir la fonction d'interface entre l'unit6 de einen vorbestimmten
ersten Funktionsaufruf          commande et le dispositif p6riph6rique,
(400, 500), der von dem Geratetreiber an die            CARACTERISE PAR les
6tapes suivantes: Schnittstellenanordnung ausgegeben wird, um   55
i'unit6 de commande emet un premier ap- die Datenstruktur dem Treiber
zuzuordnen,            pel (202) vers la structure dOinterface; einen
vorbestimmten zweiten Funktionsaufruf             sous l'effet de la
reception du premier (600, 700), der von dem Geratetreiber an die
appel, la structure dOinterface attribue (figure 6) 18    
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1111111111111111111111111111111111111 * C   L   M   S * une structure de
donn6es (1100) a I'unite de         ex6cut6s (figures 13, 14), en
cooperation avec ,ommande;                                            le
dispositif periph6rique, dans l'ordre dans sous I'effet de l'attribution,
I'unit6 de corn-  lequel is sont places en file d'attente, et mande
enregistre (203-206) dans la structure             la structure d'interface
enregistre (911, de donnees une premiere information d6finis-   5     915,
1002) dans la structure de donn6es une sant un travail de dispositif
p6ripherique et une    troisieme information concernant le succes de
seconde information sp6cifiant un appel a ef-        I'ex6cution du
travail; et fectuer a l'achevement de l'ex6cution du tra-
CARACTERISE EN OUTRE PAR les 6ta- vail;
pes suivantes: l'unit6 de commande 6met un second ap-   10          a la
suite de la r6ception de l'appel prove- pel (208) vers la structure
d'interface;             nant de la structure d'interface, l'unit6 de corn-
sous l'effet de la reception du second ap-        mande examine (302) Ia
troisieme information pel, la structure dWinterface ex6cute (figures 8,
pour determiner si le travail a ete ex6cute avec 13, 14), en coop6ration
avec le dispositif peri-     succes, pherique, le travail qui est d6fini
par la premie-   is  sous l'effet de la determination du fait que re
information; et                                   le travail a 6t6 ex6cute
sans succbs, l'unit6 de a l'achevement de l'execution du travail, la
commande emet un troisibme appel (306-309) structure d'interface 6met vers
l'unite d'attaque    vers la structure d'interface, et l'appel (1008) qui
est specifie par la seconde           sous l'effet de la reception du
troisieme information.                                 20      appel, la
structure d'interface ex6cute (figures 9, 13, 14) une tache ne se trouvant
pas en file 2. Le proc6d6 de la revendication 1
d'attente, qui est d6finie par une information CARACTERISE EN OUTRE PAR les
6ta-                 qui a Atd enregistree dans une structure de pes
suivantes:                                       donn6es par l'unite de
commande, avant l'ex6- a la suite de la reception de l'appel prove-   25
cution de tout travail se trouvant en file d'atten- nant de la structure
d'interface, l'unit6 de corn-   te. mande 6met un troisieme appel (figure
3) vers la structure d'interface; et                      5. Le proced6 de
la revendication 4 sous leffet de la reception du troisieme
CARACTERISE EN CE QUE l'6tape d'ex6- appel, la structure d'interface
supprime l'attri-  30  cution d'un travail sous l'effet de la r6ception
bution (figure 10) de la structure de donnees a      du  troisieme appel
comprend  l'6tape qui l'unit6 de commande.
consiste a reex6cuter, en cooperation avec le disposi- 3. Le proc6d6 de la
revendication 1                      tif p6riph6rique, la tache executee
sans succbs CARACTERISE EN CE QUE l'6tape d'en-   35          qui est
d6finie par la premiere information, registrement dans la structure de
donn6es de         avant d'ex6cuter des travaux quelconques se la premiere
information et de la seconde infor-      trouvant en file d'attente. mation
comprend les dtapes suivantes: l'unite de commando enregistre (204) dans
6. Le proced6 de la revendication 4 la structure de donn6es la premiere
informa-   40        CARACTERISE  EN  CE  QUE  l'6tape tion contenant une
information d'adressage, et       d'6mission d'un troisieme appel comprend
la seconde information,                              I'etape suivante
l'unite de commande 6met un troisieme                sous l'effet de la
determination du fait que appel (205) vers la structure d'interface, et
le travail a ete ex6cut6 sans succes, I'unit6 de sous l'effet de la
r6ception du troisieme   45    commande enregistre (308) dans une seconde
appel, la structure dWinterface enregistre (figure   structure de donn6es
une quatrieme informa- 7) dans la structure de donn6es une informa-
tion qui d6finit un second travail; et en ce que tion destinee a la
traduction de l'information           l'6tape d'ex6cution d'un travail sous
l'effet d'adressage.                                         de la
reception du troisieme appel comprend 50      I'6tape consistant a 4. Le
proc6d6 de la revendication 1                          ex6cuter le travail
d6fini par la quatrieme CARACTERISE EN CE QUE l'etape d'ex6-
information, avant d'executer un travail quel- cution du travail comprend
les etapes suivan-        conque se trouvant en file d'attente. tes: sous
l'effet de la reception du second ap-   55  7. Un appareil destin6 a
effectuer un travail de pel, le travail est plac6 en file d'attente (figure
dispositif p6riph6rique et comprenant un dispo- 8) avec d'autres travaux
non ex6cut6s,               sitif peripherique (18), une unit6 de commande
les travaux places en file d'attente sont         (22) destin6e a commander
le dispositif peri- 19   



* C   L   M   S   * nh6rique, et une structure (10, 17, 23) destinee
troisibme appel vers la structure d'interface, zaliser la fonction
d'interface entre l'unit6 de  avant le second appel; et en ce que commande
et le dispositif p6riph6rique,                 la structure d'interface
comprend en outre CARACTERISE EN CE QUE l'unit6 d'atta-                des
moyens qui r6agissent a la r6ception que comprend:
5        du troisibme appel en enregistrant (figure 7) des moyens destin6s
a 6mettre un pre-            dans la structure de donn6es une information
mier appel (202) vers la structure d'interface,      pour la traduction de
l'information d'adressage. pour l'attribution d'une structure de donn6es,
des moyens qui r6agissent A I'attribution    10. L'appareil de la
revendication 7 d'une structure de donn6es en enregistrant  To
CARACTERISE EN CE QUE les moyens (203-206) dans la structure de donn6es une
d'ex6cution du travail comprennent: premiere information d6finissant le
travail de          des moyens qui r6agissent a la r6ception dispositif
p6riph6rique, et une seconde infor-       du second appel en placant en
file d'attente mation sp6cifiant un appel & effectuer a l'ache-    (figure
8) un travail qui est d6fini par une vement de lex6cution du travail, et
t5      information enregistrde dans la structure de des moyens destin6s a
6mettre un second          donn6es, avec d'autres travaux non ex6cut6s,
appel (208) vers la structure d'interface pour          des moyens (figures
13, 14) destin6s A I'ex6cution du travail; et
ex6cuter, en cooperation avec le dispositif p6- CARACTERISE EN OUTRE EN CE
QUE                   riph6rique, des travaux se trouvant en file d'at- la
structure d'interface comprend:          20       tente, dans l'ordre dans
lequel ils sont plac6s des moyens qui r6agissent au premier ap-         en
file d'attente, pel en attribuant (figure 6) une structure de           des
moyens (911, 915, 1002) destin6s a donn6es (1100) a l'unit6 de commande,
pour           enregistrer dans la structure de donnees une le travail,
information concernant l'ex6cution du travail, et des moyens qui reagissent
au second ap-   25         des moyens qui r6agissent a la r6ception pel en
ex6cutant (figures 8, 13, 14), en coop6-      d'un troisieme appel
provenant de l'unit6 de ration avec le dispositif p6riph6rique, le travail
commande, en ex6cutant (figures 9, 13, 14) un de dispositif p6riph6rique
qui est d6fini par la    travail qui ne se trouve pas en file d'attente et
premibre information, et                             qui est d6fini par une
information qui a Mt6 des moyens destin6es a 6mettre vers l'uni-  30
enregistree dans une structure de donn6es par t6 de commande l'appel (1008)
qui est sp6cifie      l'unit6 de commande, avant l'ex6cution de tra- par la
seconde information, a l'achbvement de        vaux quelconques plac6s en
file d'attente; et l'ex6cution du travail.
CARACTERISE EN OUTRE PAR des moyens qui r6agissent a la reception, 8.
L'appareil de la revendication 6             35       a partir de la
structure d'interface, de l'appel CARACTERISE EN OUTRE EN CE QUE
sp6cifi6 par la seconde information, en exami- I'unite de commande
comprend:                        nant (302) l'information concernant
l'ex6cution des moyens qui r6agissent a la r6ception,        du travail,
pour determiner le succbs de l'ex6- a partir de la structure d'interface,
de l'appel     cution, et sp6cifi6 par la seconde information, en 6met-  40
des moyens qui r6agissefit au fait que les tant un troisieme appel (figure
3) vers la struc-    moyens de determination d6terminent que le ture
dOinterface, pour demander la suppression       travail a ete ex6cut6 sans
succbs, en 6mettant de l'attribution de la structure de donn6es; et      le
troisieme appel (306-309) vers la structure la structure d'interface
comprend :                  d'interface. des moyens qui reagissent au
troisieme   45 appel en supprimant l'attribution (figure 10) de  11. Une
interface de communication (24) prevue la structure de donn6es a l'unit6 de
comman-         pour l'utilisation entre une unit6 de commande de et au
travail.                                    de dispositif (22) et une
structure d'interface (10, 17, 23), dans un systbme qui est destin6 a 9.
L'appareil de la revendication 7             so      effectuer des travaux
de dispositif p6riph6rique CARACTERISE EN CE QUE les moyens
et qui comprend un dispositif p6riph6rique d'enregistrement d'information
dans la structu-     (18), l'unit6 de commande de dispositif 6tant re de
donn6es comprennent                            destin6e a commander le
dispositif p6riph6ri- des moyens (204) destin6s a enregistrer          que,
et la structure d'interface ayant pour but dans la structure de donn6es la
premiere infor-  55  de connecter le dispositif a l'unit6 de comman- mation
comprenant une information d'adressa-         de de dispositif, cette
interface de communica- ge, et
tion 6tant des moyens (205) destin6s a 6mettre un
CARACTERISEE PAR: 20   



39                 EP 0 324 737 B1                     40 une structure de
donnees (figure 11); un premier appel de fonction pr6determin6 (400, 500)
qui est emis par l'unite de comman- de de dispositif vers la structure
d'interface, pour attribuer la structure de donn6es a l'unit6    5 de
commande; un second appel de fonction pr6d6termin6 (600, 700) qui est 6mis
par l'unit6 de comman- de de dispositif vers la structure d'interface, pour
l'ex6cution, en cooperation avec le dispo-   1o sitif, d'un travail de
dispositif p6ripherique qui est d6fini par l'information enregistr6e dans
la structure de donn6es par l'unit6 de comman- de; et un troisieme appel de
fonction (300), qui  15 est emis par la structure d'interface vers l'unite
de commande de dispositif, sous l'effet de I'achevement de l'ex6cution du
travail, cet ap- pel portant sur une fonction qui est sp6cifi~e par
l'information enregistr6e par l'unit6 de   20 commande dans la structure de
donn6es. 12. L'interface de la revendication 11, CARACTERISEE EN OUTRE PAR:
un quatrieme appel de fonction predeter-  25 min6 (800), qui est 6mis par
l'unit6 de corn- mande de dispositif vers la structure d'interfa- ce, pour
supprimer l'attribution de la structure de donn6es a l'unit6 de commande.
30 13. L'interface de communication de la revendica- tion I 1 CARACTERISEE
EN CE QUE le premier appel de fonction comprend un appel de fonction (500)
pour l'enregis-  35 trement dans la structure de donn6es d'une information
pr6vue pour la traduction d'une information d'adressage definissant le
travail, et qui est enregistr6e dans la structure de donn6es par l'unit6 de
commande.            40 14. L'interface de communication de la revendica-
tion 11 CARACTERISEE EN CE QUE le second appel de fonction comprend
45 un appel (600) pour placer le travail en file d'attente avec d'autres
travaux non executes, pour l'ex6cution dans l'ordre dans lequel les travaux
sont places en file d'attente, ou un appel (700) pour l'ex6cution d'un
travail  5o qui nest pas place en file d'attente et qui est d6fini par une
information enregistr6e par l'uni- t6 de commande dans une structure de
don- n6es, avant l'ex6cution de travaux quelconques se trouvant en file
d'attente.              55 21              1ll~lililililiill Hill  \    


