Office de la Propriete Canadian CA 2246830 C 2002/07/30

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 246 830
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT
13) C

(22) Date de depot/Filing Date: 1998/09/08 (51) CL.Int.%/Int.CI1.° HO4L 29/02, HO4L 12/40
(41) Mise a la disp. pub./Open to Public Insp.: 1999/03/09 (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2002/07/30 SODA, 1akashl, JF,

SHIMURA, Aklhlro JP
30) Priorité/Prionity: 199/7/09/09 (9-244430) JP
(30) Priorite/Friority ( ) (73) Proprietaire/Owner:

CANON KABUSHIKI KAISHA, JP
(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : METHODE ET APPAREIL DE CONTROLE DES COMMUNICATIONS ET SYSTEME DE COMMUNICATION
(54) Title: COMMUNICATION CONTROL METHOD AND APPARATUS, AND COMMUNICATION SYSTEM

100

102
_-
INTERFACE QUEUED
execuTion| 4 107

101

COMMAND(ORB)|
HOST 1394
COMPUTER INTERFACE ggg?é%tk .
(INITIATOR) {

COMMAND 104 105
FETCH PREFETCH DATA
AGENT QUEUE PROCESSOR

IMMED | ATE
EXECUTION
103 AGENT
lmmediate
COMMAND (ORB)

106

(57) Abrége/Abstract:
A printer has a gueue for queuing a queued execution command, an iImmediate execution agent for executing a write command,

and a queued execution agent for executing a read command. The immediate execution agent immediately executes the
recelived write command, and writes data in a host. The queued execution agent picks up a read command from the queue, and
reads out data from the host. The host appends a data transfer request from the printer to a queue, Issues a write command to
the printer on the basis of that data transfer request, and issues a read command to the printer on the basis of a print data
transmission request or the like from an application. Independent full-duplex channels can be provided in two directions. Also, a
write command can be immediately processed.
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ABSTRACT OF THE DISCLOSURE

A printer has a dqueue for queuing a queued
execution command, an 1mmedlate execution agent for .
exécuting a write command, and a queued execution agent
for executing a read command. The immediate execution
agent immediately executes the received write command,
and writes data in a host. The gueued execution agent
picks up a read command from the queue, and reads out
data from the host. The host appends a data transfer
request from the printer to a queue, 1issues a write
command to the printer on the basis of that data
transfer request, and 1ssues a read command to the
printer on the basis of a print data transmission
request or the like from an application. Independent
full-duplex channels can be provided in two directions.

Also, a write command can be immediately processed.
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TITLE OF THE INVENTION

COMMUNICATION CONTROL METHOD AND APPARATUS, AND

COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to a communication
control method and apparatus for connecting apparatuses such
as a host computer and printer.

In recent vyears, an IEEE1394 interface is used for
connecting a computer and peripheral apparatus, or
connecting peripheral apparatuses. The IEEE1394 interface
allows higher-speed, two-way communications as compared to
a hand-shake scheme such as a Centronics interface. Also,
the IEEE1394 interface is a memory bus model interface, and
equipments connected via the JEEE1394 interface can read data
from the designated address of a connected equipment and can
write data at the designated address.

IEEE1394 defines the protocol of the physical and link
layers utilized in many applications, but does not define
detailed protocols in units of equipments. For this reason,
the protocol of the transport layer such as SBRP (Serial Bus
Protocol) -2 that uses IEEE1394 as the physical and link
layers has been proposed. The transport layer provides a

data transfer function to an application, and applications

which use this layer can exchange data with each other.
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The protocol SBP-2 utilizes the features of the memory
bus model of IEEE1394, and with this protocol, the data
recelving side can receive data as its resources become
avallable.

In SBP-2, when data i1s to be transferred, the
transmitting side performs operation called a login to
establish a channel with a communication partner. In this
case, the logged-in side is called an initiator, and the
partner 1s called a target. Data transfer is done in such
a manner that the target reads/write data from/to the
initiator 1n accordance with an instruction from the
initiator. 1In this scheme, the initiator generates an ORB
(Operation Request Block) that contains the storage address,
size, and the like of data to be transmitted after the login,
and informs the target of the address of that ORB. The target
reads out data from the 1nitiator on the basis of the address
and size written 1n the ORB and proceéses the readout data,
or writes data as i1ts resources become available. After such
processing, the target generates a status block to inform
the initiator of the processing state.

When a communication 1s made using SBP-2 built based
on IEEE1394, especially when SBP-2 is applied to data
transter from a data source such as a host computer or the
like, which serves as an initiator, to a peripheral apparatus

such as a printer apparatus, which serves as a target, the

following two problems are posed.
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(1) The procedure is complex due to full-duplex
communications.

In SBP-2, data transfer is basically managed by the
initiator, and the target cannot asynchronously transfer
data to the initiator. In SBP-2, when the target wa&ts to
transfer data to the 1nitiator, it sends a data read request
using unsolicited status to the initiator. The initiator
generates an ORB 1n response to the request, and adds the
generated ORB to the end of a 1ist of pending ORBs (including
a data transfer request from the initiator to the target,
and the like). These ORBs are processed in turn from the
oldest one. For this reason, only when the ORB processing
of the i1nitiator side has progressed, and the initiator
processes the ORB generated 'ln response to the data read
request from the target, the target can transfer data to the
initiator. That is, the data transfer timing from the target
to the 1nitiator is not the issuance timing of the read request
from the target to the initiator but is delayed from that
timing by the time required for processing the pending ORBs.
As a result, two-way, asynchronous data transfer cannot be
done. When data to be transferred from the target to the
initiator is generated asynchronously, for example, when the

target 1s a printer and an error occurs in that printer, the

data to be immediately transmitted to the initiator cannot
be transferred in real time.

For this reason, in order to transfer data
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asynchronously generated by a printer to a host in real time,
the printer must undertake a login procedure as an initiator,
and must perform data transfer to the host computer as a
target.

In this way, when the host computer and printer iog in
each other, and they both serve as an initiator and target,
they must both own processes as an initiator and target. The
printer must also perform a login.

A peripheral apparatus such as a printer which processes
an image consumes large volumes of memory and processor
resources for image processing. For this reason, in order
to reduce the cost by simplifying the apparatus arrangement
and to attain quick processing, resources used for purposes
other than image processing must be reduced as much as
possible. However, when the printer must run many processes,
as described above, many resources are consumed accordingly,
thus disturbing a cost reduction and efficient processing.

On the other hand, data that flow between the host
computer and printer are related to each other like print
data and its processing status. If channels are set in two
ways by independent login processes, their data and responses
must be related to each other, and a new processing protocol
therefor must be added.

In this way, 1t is ilnappropriate to directly apply
IEEE1394 and SBP-2 to communications between the host

computer and printer, and it is hard to reduce required
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resources 1in the respective apparatuses and to improve
efficiency.

(2) Multi-channels cannot be realized.

Recently, a multi-functional machine that combines
various functions is popularly used as a peripheral appa;”atus .
For example, a digital multi-functional machine which allows
a host computer to use it as a scanner, printer, and facsimile
is known. When such apparatus is used, a plurality of
functions can be simultaneously used if communications are
made via a plurality of independent channels in units of
functions.

However, since SBP-2 cannot provide multi-channels, it
is difficult to use such unit functions simultaneously.

Some protocols other than SBP-2 can transfer
asynchronously generated data and can realizemulti-channels.
However, such protocols cannot utilize the features of
TEEE1394 as the memory bus model. That is, when such
protocols are applied to communications between the host and
printer, the printer cannot perform data transfer at its
coﬁvenience, and the host must perform data transfer while

monitoring the printer state.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the aforementioned prior art, and has as its object to

provide a communication control method and apparatus, which
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can make full-duplex communications (asynchronous two-way
communications) by a single login process, and can
efficiently utilize resources such as processes, memories,
and the like required for data exchange, and a printer
apparatus using the method. .

It 1s another object of the present invention to provide
a communication control method and apparatus, which allows
a target to read out data prepared by an initiator as soon
as 1lts resources become available, and can prevent the
initiator from being occupied by data transfer on the
convenience of the target, and a printer apparatus using the
method.

It 1s still another object of the present invention to
provide a communicatilion control method and apparatus which
can realize multi-channels, and a printer apparatus using
the same.

In order to achieve the above object, the present
invention comprises the following arrangement.

That 1s, there is provided a communication control
method of exchanging data upon accessing a storage area of
an initiator from a target,

wherein the i1nitiator transmits commands
corresponding to read and write accesses to the storage area
to the target so as not to exceed the number of read and write
commands that can be held'by the target, and

the target holds the received read and write commands
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in different queues, and independently processes the held
commands.

There 1s also provided a communication control method
of exchanging data upon accessing a storage area of an
initiator from a target,

wherein the target checks if a size of data to be
transmitted exceeds a predetermined size, requests the
initiator to issue a write command in the storage area when
the size of the data to be transmitted exceeds the
predetermined size, and sends the data to the initiator when
the size of the data to be transmitted does not exceed the
predetermined size, and

the lnitiator issues a write command upon receiving a
write command issuance request from the target.

There 1s also provided a communication system for
exchanging data upon accessing a storage area of an initiator
from a target,

wherein the 1nitiator transmits commands
corresponding to read and write accesses to the storage area
to the target so as not to exceed the number of read and write
commands that can be held by the target, and

the target holds the received read and write commands
in different queues, and independently processes the held
commands .

There is also provided a communication system for

exchanging data upon accessing a storage area of an initiator

A ¥ P v . —— - ———
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from a target,

wherelin the target checks if a size of data to be
transmitted exceeds a predetermined size, requests the
initiator to issue a write command in the storage area when
the size of the data to be transmitted exceeds the |
predetermined size, and sends the data to the initiator when
the size of the data to be transmitted does not exceed the
predetermined size, and

the initiator issues a write command upon receiving a
write command issuance request from the target.

There is also provided a communication control method
of exchanging data with a target upon accessing a storage
area in amemory from the target connected via a communication,
comprising:

the queulng step of receiving a spontaneous request from
the target and queuing the request in a queue; and

the command generation step of generating and
transmitting read and write commands to the storage area in
response to a request from an application or the target so
as not to exceed the number of read and write commands that
can be held by the target.

There 1s also provided a communication control method
of exchanging datawith an initiator upon accessing a storage
area of the initiator connected via a communication,
comprising:

the queuing step of queuing a read command received from
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the 1nitiator in a queue having a predetermined size;

the gqueued execution step of picking up and executing
a read command from the queue;

the immediate execution step of executing a write
command received from the initiator immediately aftér
reception; and

the transfer request step of issuing a data transfer
request to the initiator.

There 1s also provided a communication control
apparatus for exchanging data with a target via a storage
area, comprising:

means for communicating with a target;

a memory 1including the storage area;

queue management means for gqueuing a spontaneous
request from the target; and

command generation means for generating and
transmitting read and write commands with respect to the
storage area in response to a request from an application
or the target so as not to exceed the number of read and write
commands that can be held by the target.

There 1s also provided a communication control
apparatus for exchanging data with an initiator by accessing
a storage area of the initiator, comprising:

means for communicating with the initiator;

a queue which holds a read command received from the

initiator and has a predetermined size:
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queued execution means for picking up and executing the
read command from the queue;

immediate execution means for executing a write command
received from the initiator immediately after reception; and

transfer request means for issuing a data tran;fer
request to the initiator.

There 1s also provided a computer readable storage
medium, which stores a communication control program for
exchanging data by accessing a storage area from a target
via a communication, the program comprising:

queue management means for gqueuing a spontaneous
request from the target; and

command generation means for generating and
transmitting read and write commands with respect to the
storage area 1n response to a request from an application
or the target so as not to exceed the number of read and write
commands that can be held by the target.

There i1s also provided a computer readable storage
medium, which stores a communication control program for
exchanging data by accessing a storage area of an initiator
connected via a communication, the program comprising:

queue management means for queuing a read command
recelived from the initiator in a queue having a predetermined
capaclty;

queued execution means for picking up and executing the

read command from the queue;

- 10 -
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immediate execution means for executing a write command
received from the 1nitiator immediately after reception; and

transfer request means for issuing a data transfer
request to the initiator.

There is also provided a printing system.usingza
communication control method inwhich an initiator transmits
commands corresponding to read and write accesses to a
storage area to a target so as not to exceed the number of
read and write commands that can be held by the target, and
the target holds the received read and write commands in
different queues, and independently processes the held
commands, wherein a host apparatus serving as an initiator
is connected to a printer apparatus serving as a target, the
printer apparatus receilves print data from the host apparatus
and prints out based on the received print data, and the host
apparatus receives status information of the printer
apparatus.

There 1s also provided a printing control apparatus for
transmitting print data to a target, and receiving status
information from the target, 1n a communication control
method which comprises the queuing step of receiving a
spontaneous request from the target and queuing the request
in a queue, and the command generation step of generating
and transmitting read and write commands to the storage area

in response to a request from an application or the target

sOo as not to exceed the number of read and write commands

- 11 -
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that can be held by the target.

There 1s also provided a printing apparatus for
receliving print data from an initiator, and transmitting
status information to the initiator, by a communication
control method which comprises the queuing step of1qdéuing
a read command received from the initiator in a queue having
a predetermined size, the queued execution step of picking
up and executing a read command from the queue, the immediate
execution step of executing a write command received from
the iInitiator immediately after reception, and‘ the transfer
request step of issuing a data transfer request to the
initiator.

Other features and advantages of the present invention
will be apparent from the following description taken in
conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts

throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate
embodiments of the invention and, together with the
description, serve to explain the principles of the
invention.
Fig. 1 is a block diagram of a target (printer) ;

Fig. 2 is a block diagram of an initiator (host

- 12 -
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computer) ;

Figs. 3A and 3B show the general format of an ORB;

Fig. 4 shows the format of a QUEUE DEPTH commanduORB;‘

Fig. 5 shows the format of a DATA TRANSFER command ORB;

Fig. 6 shows the format of a REQUESTED READ cormnan;i ORB;

Fig. 7 shows the format of a DIRECT STATUS RESPONSE
command ORB;

Figs. 8A and 8B show the format of an ACQUIRE DEVICE
RESOURCE command ORR;

Fig. 9 shows the format of a data resource release
command ORB;

Fig. 10 shows the format of a BASIC DEVICE STATUS
command ORB;

Figs. 11A and 11B show the general format of a status
block:;

Fig. 12 shows the format of a QUEUE DEPTH status block;

F1g. 13 shows the format of a DATA TRANSFER status

block:

Fig. 14 is a flow chart showing the processing procedure
executed by the initiator in response to a generated data
transfer request;

Fig. 15 is a flow chart showing the processing procedure
executed by a fetch agent of the target upon write in a
DOORBELL register:

Fig. 16 is a flow chart showing the processing procedure

executed by an execution agent upon reception of an ORB

- 13 -
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message from the fetch agent;

Fig. 17 is a flow chart showing the processing procedure
executed by the target 1in response to a generated data
transfer request;

Fig. 18 is a flow chart showing the processing proc:.'edure
executed by the initiator upon write in a status register:;

Fig. 19 shows the data transfer seguence from the
initiator (host computer} to the target (printer):

Fig. 20 shows the sequence upon data transfer from the
target to the initiator using READ REQUEST status;

Fig. 21 shows the sequence upon data transfer from the
target to the i1nitiator using DIRECT status:

Fig. 22 1is a block diagram of a target that provides
multil-channels;

Fig. 23 1s ablock diagramof an initiator that provides
multil-channels;

Fig. 24 shows the format of a multi-channeled DATA
TRANSFER command ORB;

Fig. 25 shows the format of a multi-channeled REQUESTED

READ command ORB;

Fig. 26 shows the format of a multi-channeled DIRECT
STATUS RESPONSE command ORB;

Figs. 27A and 27B show the format of a multi-channeled
ACQUIRE DEVICE RESOURCE command ORB;

Fig. 28 shows the format of a multi-channeled RELEASE

DEVICE RESOURCE command ORB;
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Fig. 29 shows the format of a multi-channeled ABDICATE

DEVICE RESOURCE RESPONSE command ORB:

Fig. 30 shows the format of a multi-channeled BASIC |

DEVICE STATUS command ORB;

Figs. 31A and 31B show the format of an OPEN CHANNI

[
.

REQUEST response;

Figs. 32A and 32B show the format of a CLOSE CHANN]

[x]
c

REQUEST response;

Figs. 33A to 33C show the general format of a
multi-channeled status block;

Fig. 34 shows the format of a multi-channeled DATA
TRANSFER status block;

Fig. 35 shows the format of a multi-channeled DIRECT
status block;

Fig. 36 shows the format of a multi-channeled DEVICE
RESOURCE ACQUIRE status block;

Fig. 37 shows the format of a multi-channeled ARDICATE

DEVICE RESOURCE status block:

Fig. 38 shows the format of a multi-channeled RASIC

DEVICE status block:;

Fig. 39A is a flow chart showing the processing
procedure executed by the multi-channeled initiator upon
wrilte 1n a status register;

Fig. 39B is a flow chart showing the processing

procedure executed by the multi-channeled target upon write

in a DOORRBELL register; and

- 15 -
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Fig. 40 is a block diagram showing the hardware

arrangement of a printer system using an IEEE1394 interface.

DETAILED DESCRIPTION OF THE PREFERRED

BODIMENTS
[First Embodiment]

A printing system which connects a host computer and
printer via IEEE1394 will be described below as the first
embodiment of the present invention. 1In this system, data
transfer is done in accordance with a protocol according to
the present invention (to be referred to as HPT hereinafter),

which uses SBP-2 bullt on IEEE1394. Fig. 40 shows the

‘hardware arrangement in that printing system.

<Hardware Arrangement of System>

In Fig. 40, a host computer 200 comprises a CPU 1 that

processes documents including figures, images, characters,
tables {(containing table calculations and the like), and so
forth on the basis of a document processing program stored
in a program ROM area in a ROM 3. The CPU 1 systematically
controls the respective devices connected to a system bus
4. The program ROM area of the ROM 3 stores a control program
for the CPU 1 and the like, a font ROM area of the ROM 3 stores
font data and the like used in the document processing, and
a data ROM area of the ROM 3 stores various data used upon
executing the document processing and the like. A RAM 2

serves as a main memory, work area, and the like of the CPU

1. Programs may be stored in the RAM 2. On the RAM 2, a
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transmission data buffer and a systemmemory for storing ORBs
are assured.
A keyboard controller (KBC) 5 controls key inputs from |
a keyboard 9 and a pointing device (not shown). A CRT
5 controller (CRTC} 6 controls display on a CRT display 'i‘(CRT) =

10. A memory controller (MC) 7 controls accesses to an

external memory 11 such as a hard disk (HD), floppy disk (FD),

and the like that store a boot program, various application
programs, font data, user file, edit file, and so forth. A
10 1394 interface 8 1is connected to a printer 100 according to
the IEEE1394 standard, and implements communication control
with the printer 100. Note that the CPU 1, for example, maps
(rasterizes) outline font data onto a display information
RAM area allocated on the RAM 2 to realize a WYSIWYG
15 environment on the CRT 10. The CPU 1 opens various registered
windows on the basis of commands designated by a mouse cursor
(not shown) or the like, and executes various kinds of data
processing.
In the printer 100, a printer CPU 12 systematically
20 controls accesses to various devices connected to a system
bus 15 on the basis of a control program stored in a program
ROM area of a ROM 13 or a control program stored in an external
memory 14, and outputs an image signal as output information
to a printer unit (printer engine) 17 connected via a printer
25 unit interface 16. The program ROM area of the ROM 13 also

stores a control program for the CPU 12, that implements

- —— ——— A —— P P S A § S b e s sl APEAL. + &
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various agents (to be described later). A font ROM area of
the ROM 13 stores font data and the like used upon generating
the output information, and a data ROM area of the ROM 13 |
stores information and the like used on the host computer
in case of the printer which has no external memory l:i such
as a hard disk or the like. The CPU 12 can communicate with
the host computer wvia a 1394 interface 18, and can inform
the host computer 200 of information and the like in the

printer.

A RAM 19 serves as a main memory, work area, and the
like of the CPU 12, and its memory capacity can be expanded
using an option RAM connected to an expansion port (not shown) .
Note that the RAM 19 1is used as an output information mapping

area, environment data storage area, NVRAM, and the like.

A memory controller (MC) 20 controls accesses to the

above-mentioned external memory 14 such as a hard disk (HD),

IC card, or the like. The external memory 14 is connected
as an option, and stores font data, emulation program, form
data, and the like. A control panel (console) 1002 is
provided with operation switches, LED indicators, and the
like. The number of external memories is not limited to one,
and the printer may comprise more than one external memories,
so that a plurality of external memories including an option
font card including option fonts in addition to internal
fonts, an external memory that stores programs for

interpreting other printer control languages, and the like

- 18 -
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may be connected. Furthermore, an NVRAM (not shown) may be
added, and may store printer mode setup information from the
control panel 1002.
<Arrangement of Initiator>

Figs. 1 and 2 show a communication system whicﬁ uses
the printer 100 as a target, and the host computer 200 as
an initiator in the above-mentioned hardware arrangement.
In this embodiment, such arrangements are implemented when
the CPUs in the host computer and printer execute
predetermined programs. The initiator shown in Fig. 2 will
be described first.

InFig. 2, in the host computer serving as the initiator,
a printer driver 209 as an application issues a data transfer
request to a printer via an HPT processor 203, and receives
a response (reply) from the printer.

The HPT processor 203 includes an ORB manager 206. The
ORB manager 206 manages ORBs generated in a system memory
208. An ORB 1s a block that stores the address, size, and
the like of a data buffer to be transferred from the host
computer to the printer and vice versa. ORBs are linked in
turn to form an ORB list. For these ORBs, the following
processing rules are defined:

(1) ORBs 1in the ORB list are processed in turn in the
FIFO order. Upon reception of a completion message (status
block), the corresponding ORB is deleted from the ORRB list.

(2) A newly generated ORB is added to the end of the
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ORB list.

(3) The maximum number of ORBs that can be linked to
the ORB list 1s the same as the total capacity of two queues |
in the printer, as will be described later.

In order to implement item (3), the ORB manage£ 206
prepares two counters in correspondence with the two queues
of the printer. One counter is named CurrentQuedQUE, and
indicates the current number of empty positions in the
prefetch queue (to be described later)} in the printer. The
other counter 1s named CurrentImmediateQUE. The queue
capaclity corresponding to this counter is 1 in this
embodiment, and only an entry which is being processed can
be queued. The contents of these counters are
incremented/decremented in correspondence with
generation/deletion of ORBs.

When the host computer generates an ORB, it writes an
arbitrary value in a register called a DOORBELL register to
inform the printer of generation of an ORB. This procedure
1s specified in SBP-2, and is described in its manual or the
like.

The HPT processor 203 includes a status queue 204 and
queue processor 205. Status received via the 1394 interface
1s identified by a status identifier 202, and is directily
sent to the ORB manager 206 or is added to the status queue
204 depending on the type of status. The status appended to

the status queue 204 is processed by the queue processor 205
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in the FIFO order. There are two types of status.

(1) Normal status... This status is a status block that

notifies the data transfer result between the host computer

and printer, and is directly sent to the ORB manager 206.

(2) Unsolicited status... This status is a stétus
block 1ndicating that asynchronous data to be transferred
from the printer to the host computer has been generated,
and is added to the status queue 204. Normally, this status
is spontaneously issued by the printer.

These status types are discriminated by values written
in status blocks.

A status register 210 is a register in which the printer
writes data to indicate the presence of data to be read by
the host computer.

The host computer serving as the initiator has the
aforementioned functional arrangement.
<Arrangement of Target>

Fig. 1 is a block diagram showing the functional
arrangement of the printer serving as the target.

In Fig. 1, a DOORBELL register 108 is aregister in which
the host computer writes data. Writing an arbitrary value
1n the DOORBELL register means generation of a new ORB. A
command fetch agent 103 reads an ORB via a 1394 interface
101, and appends the read ORB to a prefetch queue 104 or sends
1t to an 1mmediate execution agent 106 depending on its type.

The type of command is determined with reference to a field
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indicating immediate or queued execution. However, in
practice, this field corresponds to the function of command.
For example, in this embodiment, a command for data transfer |
from the target to the initiator (REQUESTED READ command)
and a command for capturing the target state are immédiate
executlon commands, and a command for transferring print data
from the initlator to the target or the like is a queued
execution command.

A queued execution agent 105 and the immediate execution
agent 106 read data from a buffer of the host computer or
write data supplied from a data processor 107 in accordance
with the contents of an ORB read by the command fetch agent
103. After that, these agents return normal status to the
host computer.

Furthermore, the immediate execution agent 106 sends
unsolicited status to the host computer in response to a data
transfer request from the data processor 107 which performs
rasterization for generating raster data by interpreting and
executling PDL, and device management. A bus interface 102
1s used for accessing a desired memory location on the system
memory 208 of the host computer 200 from the printer 100.

In the system of this embodiment, the queued execution
agent 1s used for data transfer ORBs from the host computer
to the printer, and the immediate execution agent is used

for data transfer ORBs from the printer to the host computer.

The arrangements and operations of the initiator and
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target have been briefly explalined. Prior to a detailed
description thereof, the contents of an ORB will be explained
in detail below.
<Contents of Command ORB (Operation Réquest Block) >

Figs. 3A and 3B show the general format of an ORB In
Fig. 3A, a "Next_ORB" (link) field 301 stores a link to the
next ORB. If there is no next ORB, a predetermined value
indicating 1t 1s stored. Note that the first ORB is indicated
by a predetermined address register. A "data_descriptor"
(data address) field 302 indicates address in the data buffer.
A "d" (direction) field 303 indicates data transfer (0:
write) from the host computer to the printer or data transfer
(1: read) from the printer to the host computer. A
“data_size" {data size) field 304 indicates the size of the
data buffer indicated by the address field 302. These
"Next_ORB" field 301 to "data size" field 304 are those
specified 1n SBP-2, and fields 305 to 308 to be described
below are used i1n processing unique to HPT.

An "1"* field (immediate bit) 305 indicates whether that
ORB 1s to be executed by the immediate or queued execution
agent in the target. If the value in that field is "0", i.e.,
the queued execution agent, the ORB is placed in the prefetch
queue; 1f the value 1s "1", the ORB is processed by the
immediliate execution agent. A "function" (function) field
306 1ndicates the meaning of the ORRB, as showr} in Fig. 3B.

This will be described in detail later. A
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"command_block_length" (command length) field 307 indicates
the length of a "control_block" (control block) field 308.
The control block field 308 stores various values in
correspondence with the value in the function field 306,

The contents of an ORB will be explained in unit:s of
functions.

(QUEUE DEPTH command)

FFig. 4 shows a QUEUE DEPTH command ORB of function =
0. This command is used for obtaining the depth of the
prefetch queue 104 of the target. The immediate bit is set
at "1".

A control block of this command includes two fields,
i.e., a "source_ ID" (source ID) field 401 and
"status_qgqueue_depth" (status queue depth) field 402. The
source ID field stores the identifier of a process that has
logged in the initiator. In the example shown in Fig. 2, the
logged-in process is the printer driver. This field is added
to allow the target to identify the process to respond when
a plurality of processes have been logged in. The status
queue depth field 402 informs the target of the depth of the
status cqueue 204 of the initiator.

The status queue depth field is used for managing the
number of unsolicited status blocks queued in the status
queue 1in the target. The target manages the depth of the
status queue in accordance with the generation/processing

completion message of unsolicited status in the same manner
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as management of the prefetch queue by the initiator.

Upon reception of the QUEUE DEPTH command, the target
stores the status queue length in a counter
CurrentUnsolicitedQUE, and returns the prefetch queue length
to the initiator. The initiator manages the number oj‘; ORBs
queued in the target in correspondence with generation and
deletion of ORBs on the basis of the queue depth of the
prefetch queue obtalined by this command.

(DATA TRANSFER command)

Fig. 5 shows a DATA TRANSFER command of function = 1.
This command 1s used upon transferring data from the
initiator to the target. A "page_table present" bit 501
indicates the presence of a page table. When a page table
1s present, the page size to be referred to by the page table
1s set in a "page_size" field 502. The data buffer to be
transferred is indicated by this page table, an address 503,
and a data size 504.

Upon reception of the DATA TRANSFER command, the target
writes data in the designated data buffer or reads out data
therefrom 1n accordance with the value in a direction field.
(REQUESTED READ command)

Fig. 6 shows a REQUESTED READ command of function = 2.
This commands provides a data buffer in which data is to be
written to the printer when "READ REQUEST status", i.e., a
data transfef request from the printer as the target to the

host 1s sent from the target. A "Sequence_number" (sequence
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number) field 601 i1s set with the same value as the sequence
number appended to the corresponding READ REQUEST status,

which instigated issuance of this command. This value is a

number which makes REQUESTED READ status and REQUESTED READ
command correspond to each other. The format of other f'ields
is the same as that in the DATA TRANSFER command. In this
command, the lmmediate bit is set at "1", and the direction
bit 1s also set at "1" (read). The reason why the immediate
bit is set at "1" 1s to 1mmediately respond to READ REQUEST
status 1ssued by the target. The buffer size uses a value
designated by READ REQUEST status.

Upon reception of the DATA TRANSFER command, the target
writes data in the designated data buffer assured on the
system memory of the initiator.

(DIRECT STATUS RESPONSE command)
Fig. 7 shows a DIRECT STATUS RESPONSE command ORB of

3. This command 1s issued in response to READ

function
REQUEST status when the initiator makes the target abdicate
a read request. Alternatively, this command is used as a
reply to the target in response to DIRECT status from the
target. A "sequence_number" (sequence number) field 701 is
set with the same value as the sequence number appended to
the corresponding READ REQUEST status or DIRECT status, which
instigated issuance of this command. The format of other

fields i1s the same as that in the DATA TRANSFER command. In

this command, the immediate bit is set at "1".
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Upon reception of the DIRECT STATUS RESPONSE command,
the target abdicates a read request if it has issued the READ
REQUEST status having the corresponding sequence number.
(ACQUIRE DEVICE RESOURCE command)

Fig. 8A shows an ACQUIRE DEVICE RESOURCE commar;d ORB

of function = 8. The meaning of a "resource_ ID" (resource

ID) field 801 is as shown in Fig. 8B. "0" is a value that

depends on the device class used and logical unit
characteristics. In this system, "0" indicates the printer
as a device class and print service as logical unit
characteristics.

Upon recelving this ACQUIRE DEVICE RESOURCE command,
the target assigns the resource designated by the resource
ID to the initiator as the gender of this command.
(RELEASE DEVICE RESOURCE command)

Fig. 9 shows a RELEASE DEVICE RESOURCE command of
function = 9. The meaning of a "resource_ID" (resource ID)
field 801 1s as shown in Fig. 8B.

Upon receiving the RELEASE DEVICE RESOURCE command, the
target releases the resource designated by the resource ID.
(BASIC DEVICE STATUS command)

Fig. 10 shows a BASIC DEVICE STATUS command ORB of

fl

function A (Hex).
Upon reception of this command, the target replies its
own status to the 1nitiator while encapsulating it in a basic

device status block. By issuing this command, the initiator




10

15

20

25

CA 02246830 1998-09-08

can recognize the printer status. In the printer, for
example, various kinds of status information related to the
printer such as the paper size, emulation supported, and the
like are sent back from the target as basic status.
<Contents of Status Block>

Figs. 11A and 11B show a status block sent back from
the printer as the target to the host computer as the initiator.
A status block 1s prepared in correspondence with each
aforementioned command ORB. The status block is issued by
the queued and immediate execution agents of the target.

In Fig. 11A, the first field to "ORB_offset lo" field
are specified in SBP-2, and include fields for indicating
a command ORB corresponding to status, and the like. An "i"
(immediate bit) field 1101 indicates which one of the queued
and immediate execution agents issued this status. If the
value 1s "0", it indicates that the status was issued by the
queued execution agent; if the value is "1", it indicates
that the status was issued by the immediate execution agent.
An "hpt_status" (hpt status) field 1102 indicates the type
of status block, as shown in Fig. 11B. An
"hpt_status_dependent” field 1103 is given its value
depending on hpt status. A "status_length" (status length)
field 1104 indicates the length of a response block 1105.

The status blocks will be explained below in units of types.

(QUEUE DEPTH status block)

Fig. 12 shows QUEUE DEPTH status of hpt status = 0. The
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QUEUE DEPTH status i1s a reply from the target in response
to the QUEUE DEPTH command, and the target sets the depth
of the prefetch queue 104 in a "prefetch_queue_depth" field |
1201 and sends back the status to the initiator. With this
status, the initiator can detect the size of the préfetch
queue, and manages the number of ORBs generated in
correspondence with the size.

(DATA TRANSFER status block)

Fig. 13 shows DATA TRANSFER status of hpt status = 1.
The DATA TRANSFER status 1s a reply from the target in response
to the DATA TRANSFER command, and is issued by the target
upon completion of processing of the DATA TRANSFER command
ORB. Upon reception of this status, the initiator can detect
that one ORB has been processed and deleted from the queue
of the target.

(READ REQUEST status block)

This status 1s hpt status = 2 (its format is not shown),
and has the data buffer size to be assured by the initiator
in a response block. Normally, the target issues this status
not 1in response to the command ORB but spontaneously. The
initiator i1ssues the above-mentioned REQUESTED READ command
ORB 1n response to this READ REQUEST status. The procedure
for this process will be described later.

({(DIRECT status block)
This status i1s hpt status = 3 (its format is not shown),

and i1ncludes status of application level (i.e., the data
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processor 1n the target) in a response block. More
specifically, data exchange on the application level is
normally done using the ORB and data buffer linked thereto. |
However, when data is very small and falls within the upper
limit (24 bytes in this embodiment) of the response Biock,
an application-level reply is encapsulated in an HPT-level
reply. In response to this status, the initiator issues the
DIRECT STATUS RESPONSE command ORB.
(DEVICE RESOURCE ACQUIRE status block)

This status is hpt status = 8 (its format is not shown),

and 1s issued by the target that has received the ACQUIRE

DEVICE RESOURCE command and processed it.
(DEVICE RESQURCE RELEASE status block)

This status is hpt status = 9 (its format is not shown),
and 1s issued by the target that has received the RELEASE

DEVICE RESOURCE command and processed it.

(BASIC DEVICE status block)

This status is hpt status = A (Hex) (its format is not
shown), and 1s issued by the target upon reception of the
BASIC DEVICE STATUS command. This status is set with
predetermined device status.

The commands and status blocks used in the printing
system of this embodiment have been described. The data
exchange procedures in the initiator and target will be
explained below.

<Data Transfer Request Processing from Initiator>

- 30 -
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Fig. 14 shows the procedure for informing the printer
of generation of a command ORB in response to a data transfer
request from the host computer to the printer or vice versa
in the host computer.

A data transfer request from an application such ;is the

printer driver or the like is monitored in step S1401. The

data transfer request may be the one that informs the host
computer of the presence of data to be transferred directly
from an application such as a printer driver or may be the
one that was generated 1n accordance with a data read request
from the printer. Note that status that the printer se'nds
to the host computer asynchronous with the host computer will
be referred to as Unsolicited status hereinafter. On the
other hand, status which is returned as a processing
completion message of a command ORB from the host computer
wlll be referred to as normal status hereinafter.

Upon detection of a data transfer request, it is
determined 1in step S1402 if data transfer is executed by a
queued or immediate execution command. If data transfer is
executed by an i1mmediate execution command, the immediate
bit of an ORB is set. When an ORB is issued in response to
Unsolicited status from the printer, data transfer is
executed by an immediate execution command; when an ORRBR is
issued 1in response to a data transfer request from the
application of the host computer, data transfer is executed

by a queued execution command.
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In case of queued execution, it is checked in step S1403
1f the counter CurrentQuedQUE is "0". Upon power ON or
resetting, the depth of the prefetch queue of the printer-
is read by the QUEUE DEPTH command, and is set as the default
value of the counter CurrentQuedQUE. More specificalliy, the
counter CurrentQuedQUE counts the current number of empty
positions in the prefetch queue. If it is determined in step
S1403 that the number of empty positions is "0", since the
prefetch queue of the target is not empty, the control waits
until the queue has an empty position. If an empty position
is found, the value of the counter CurrentQuedQUE is
decremented by 1 in step S1404, and a data transfer ORB is
generated and 1s linked to the ORB list in step $1407. After
that, an arbitrary value is wri‘tten in the DOORBELL register
108 of the printer in step S1408, thus informing the target
of generation of a new ORB.

On the other hand, if it is determined in step S1402
that data transfer is done by an immediate execution command,
1t 1s checked in step S1405 if the value of the counter
CurrentImmediateQUE is larger than "0". Note that no queue
is prepared for the immediate execution agent of the target
and, hence, the maximum value of this counter is "1".
Therefore, the counter CurrentImmediateQUE is set at "1" upon
resetting. If the value of the counter CurrentImmediateQUE

is larger than "0", the value of the counter is decremented

by 1 in step S1406. Then, an ORB is linked to the ORB list
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to write a doorbell.

Upon write in the DOORBELL register in this way, the
fetch agent fetches an ORB into the target in the procedure |
shown in Fig. 15.
<Processing by Fetch Agent>

Fig. 15 shows the processing procedure executed by the

fetch agent of the target upon write in the DOORBELL register
108.

Upon write in the DOORBELL register 108, the address
of the first linked ORB in the system memory is set at a read
pointer in step S1601.

In step 81602, the immediate bit of the ORB indicated
by the read pointer is tested to check i1f it is an immediate
or queued executlon command.” If the ORB of interest is a
gqueued execution command, the end address (NextWritePointer)
of the prefetch queue 104 1s acquired in step S1603. Since
the host computer writes a doorbell after having confirmed
an empty 'position of the prefetch queue, the gqueue surely
has an empty position.

The ORB indicated by the read pointer is copied to the
end of the prefetch queue in step S1604, and the fetch agent
informs the queued execution agent of ORB reception in step
$1605. It is then checked in step S1606 if the "Next ORB"
field (link field to the next ORB) of the ORB indicated by

the read pointer is NULL, i.e., 1f a linked ORB is present.

If that field is NULL, the flow ends; otherwise, the address
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of that linked ORB 1s set at the read pointer to repeat the
flow from step S1602.

On the other hand, if 1t 1s determined in step 81602‘
that the ORB is an immediate execution command, that ORB is
copied to the address indicated by the immediatetexeéﬁtion.
agent in advance in step S1608. After that, the fetch agent
informs the immediate execution agent of ORB reception in
step S1609, and the flow advances to step S1606.

In this manner, the ORB 1is fetched into the target to
inform each execution agent of ORB reception. Then, the ORB

1s processed by the procedure shown in Fig. 16.

<Processing by Execution Agent>

There are two types of execution agents, i.e., the
immedliate and queued execution agents, but they process ORBs
by the same procedure. Hence, thelr processing will be
described simultaneously using Fig. 16.

When the execution agent is informed of ORB reception
from the fetch agent, i1t extracts the values of the data
address field, direction bit, and data size field of the ORB
indicated by Nextreadpointer in step S1701. Note that
Nextreadpointer 1s a pointer which is stored in the queue
and indicates the ORB that the execution agent is about to
process. This pointer indicates the first ORRB in the
prefetch queue in case of the queued execution agent.

It is checked in step S$1702 if the extracted data size

is "0". If the size is not "0", it is checked in step $1703
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if the direction bit (Direction bit) indicates a write or
read. If the direction bit indicates a write, the execution
agent reads out data designated by the data address and size
from the systemmemory of the initiator and passes the readout
data to the data processor 107 1n step S1704. |

The data processor processes the passed data in steps
S1705 to S1707. For example, PDL data is interpreted and
rasterized in case of the printer. In step S1707, the
execution agent is informed of the end of processing.

Upon informing of the end of processing in the data
processor, the execution agent generates a DATA TRANSFER
status block {(normal status) as a message indicating the end
of processing of the ORB of interest in step S1708, andwrites
that message in the status register 210 to inform the
initiator of the status in step §1709.

On the other hand, if 1t 1s determined in step S1703
that the direction bit of the ORB indicates a read, the
execution agent writes data 1n a data buffer designated by
the data address field and data size field of the ORB in step
S1710. The datawritten by the target is called reverse data.
The reverse data to be written has been generated by the data
processor 107 or the like and stored in a buffer. For example,
the reverse data is data of more than 24 bytes such as a
built-in font list of the printer.

In step S1711, the buffer that stored the data which

has been written 1s released.
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Upon completion of processing, the execution agent
generates a status block (normal status) of a processing
completion message in step S1713, and writes a predetermined |
value in the status register to inform the host computer of
the status block message in step S§1714.

Lastly, in step S1715, the execution agent increments
the value of the counter CurrentUnSolicitedQUE by 1. Upon
reception of a QUEUE DEPTH command, the value stored in its
"status_que_depth" field is set as the default value of the
counter CurrentUnSolicitedQUE. The contents of this
counter are incremented/decremented in correspondence with
transmission of an Unsolicited status block and its
processing completion message to indicate the number of empty
positions of the status queue 204. The counter
CurrentUnsolicitedQUE is counted under the following
condition:

-Count-down condition

(1) Upon transmission of an Unsolicited status block,
the counter is decremented by 1. In the initiator,
unsolicited status alone is queued in the status queue 204.
-Count-up condition

(1) Upon transmission of a processing completion
status block of a REQUESTED READ ORB, the counter is
incremented by 1. Upon reception of this status, the

initiator removes the processed status block from the status

queue 204.
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(2) Upon transmission of a processing completion
status block for an ORB with the data size = 0, the counter
1s incremented by 1. In other words, upon transmission of |
a status block for a DIRECT STATUS RESPONSE ORB, the counter
1s incremented by 1. Upon reception of this status:' the
initiator removes the processed status block (direct status)
from the status qgueue 204.

If 1t 1s determined in step $1702 that the data size
is "0", since there 1s no data to be processed, the execution
agent returns a status block without any processing to send
a processing completion message in step S1713.

With the aforementioned procedures, generation of an
ORB by the i1nitiator, and i1ts processing and generation of
a status block by the target are done. Data transfer in
response to Unsolicited status transmitted from the printer
to the host computer will be explained below with reference
to Figs. 17 and 18.
<Issuance of Unsolicited Status in Target>

Some kinds of information must be immediately informed
from the printer to the host computer, for example, when
errors such as out-of-paper, jam, and the like have occurred
in the printer. 1In such case, the printer spontaneously
transfers data to the host computer asynchronously with
commands from the host computer. If data to be sent from the
printer 1is generated, the data processor informs the

immediate executilon agent of the presence of such data, thus
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starting the processing in Fig. 17.

It is checked in step S1801 if the data to be transmitted
to the host computer exceeds 24 bytes. Note that 24 bytes.
are the upper limit of the data volume that can be stored
in the response block of the status block. |

If the data exceeds the upper limit value, a READ REQUEST

status block (Unsolicited status) is generated in step S1802,
and the storage address of reverse data is set in the
"ORB_offset" field of that status block in step S1803. At
this time, the size of the reverse data is also written in
the status block.

It is checked 1in step S1804 if the value of the counter
CurrentUnsolicitedQUE is larger than "0", i1.e., the status
gqueue has an empty position. "If NO in step S1804, after the
control waits until the queue has an empty position, the value
of the counter CurrentUnsolicitedQUE is decremented by 1 in

step S1805, and an appropriate value is written in the status

register in step S1806.

On the other hand, if the data is equal to or smaller
than 24 bytes, since that data can be sent to the host computer
while being encapsulated in the status block, DIRECT status
(Unsolicited status) is generated, and reverse data is stored

in its Command set dependent field. After that, the flow

branches to step S1804.

In this fashion, the Unsolicited status is sent to the

initiator.
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Upon reception of the status, the initiator processes
it by the procedure shown in Fig. 18.
<Status Processing by Initiator>

This'processing is started by an interrupt that is
produced upon setting a predetermined value in the gtatus
register. Multiple interrupts are permitted; an interrupt
is‘generated every time the value is set 1n the status
register.

In step S1501, 1t 1s checked if status is normal or
Unsolicited status. If the status isUnsolicited status, the
status block 1s read out from the target, and is copied to
the end of the status queue in step S1502. It is checked in
step S1503 i1f the block of interest has moved to the head
position of the queue. If YES in step S$1503, a buffer for
storing reverse data 1s assured in step 81504, and it is
checked in step S1505 if the status is READ REQUEST or DIRECT

status.

Tf the status 1s READ REQUEST status, a REQUESTED READ

command ORB is generated in step S1506. The generated ORB
is set with the "immediate" flag, and its direction flag
indicates a read. Also, the address of the buffer that stores
data to be read out is written in the ORB. After that, the
process shown in Fig. 14 is informed that an event which
requires data transfer has taken place in step S1507. The
process shown in Fig. 14 sends the ORB generated in step $1506

to the target, and the data from the target is written in
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the data buffer, thus attaining data transfer.

If it 1is determined in step S1505 that the status is
DIRECT status, reverse data 1n that status 1s copied to the
assured buffer in step S1508, and is paésed to a host process
such as an application or the like in step S1509. After"that,
a DIRECT STATUS RESPONSE ORB (immediate bit is set at
"immediate") is generated in step S1510. At this time, the
data size = 0 1s designated.

On the other hand, if it is determined in step S1501
that the status is normal status, it is checked in step $1511
1f the direction bit of the ORB corresponding to that status
indicates a read or write. If the direction bit indicates
awrite, 1.e., data transfer from the initiator to the target,
the corresponding ORB is deleted from the list (step S1512),
the data buffer used by that ORB is released (step S1513),
and the value of the counter CurrentQuedQUE indicating the
empty size of the prefetch queue is incremented by 1 (S1514).

On the other hand, i1f the direction bit indicates a read,

i.e., data transfer from the target to the initiator, since

that status is a reply to the REQUESTED READ COMMAND ORB,
a host process such as aprinter driver or the like is informed
of the end of read in step S1515. The corresponding ORB is
deleted from the list in step S1516, and the value of the
counter CurrentImmediateQUE i1s incremented by 1. That is,
the immediate execution agent is ready to send the next ORB.

In this fashion, upon write in the status register, the
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initiator processes the status. That is, Unsolicited status
is queued and 1s processed in turn, but normal status is
processed immediately. The reason why the Unsolicited
status is queued is that it generates an ORB. The number of
ORBs generated and linked to the ORB list is limitedfbeIOW'
the total of the processing capacity of the execution agents
of the target and the size of the prefetch queue. The number
of ORBs 1is limited in such way to guarantee that the ORB to
be immediately executed is processed immediately after an
ORB generation message. The immediate execution command is
immediately processed by the immediate execution agent as
long as it 1s passed to the target. However, if ORBs are
generated freely, the ORB list itself unwantedly becomes a
queue of ORBs to be processed by the immediate execution agent,
and the generated ORB 1s not passed to the target. As aresult,
immediate execution i1s not guaranteed. Since the number of
ORBs linked 1s limited to the total value of the number of
ORBs placed in the prefetch queue of the target, and the number
of ORBs which are being executed by the execution agents,
an ORB generated by the initiator can be immediately passed
to the target. For this reason, even upon reception of
Unsolicited status, the initiator cannot often generate a
new ORB due to the limitation on the number of ORBs. Hence,
the Unsolicited status i1s temporarily placed in the status
queue.

<Example of Message Seqguence>
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An example of the message sequence exchanged between
the 1nitlator and target in the above-mentioned procedures
will be explained below with reference to Figs. 19 to 21.'
(Data Transfer Sequence to Target)

Fig. 19 shows an example of the sequence upon aata
transfer from the initiator (host computer) to the target
(printer).

Note that SBP-2 in Fig. 19 represents data specified
by the SBP-2 standard, 1i.e., the processing layer that
processes the fields specified in SBP-2 in the command shown
in Figs. 3A and 3B and status shown in Figs. 11A and 11B.
Also, HPT represents the processing layer that performs
processing defined in units of functions, which are not
specified in SBP-2. HPT executes the procedures of the
above-mentioned flow charts. SBP-2 implements functions of
linking ORBs, writing a doorbell, passing an ORB or status
to HPT, and the like.

An application on the initiator generates data and its
HPT generates an ORB (in this case, data transfer ORB), the
value of the empty queue counter {(CurrentQuedQUE) is
decremented by 1, and an ORB link request i1s issued to SBP-2
(1901). SBP-2 links the generated ORB to the 1list, and issues
a write request to the DOORBELL register (1902). The 1394
interface writes a doorbell in the DOORBELL register (1903),
and SBP-2 of the target then receiveg that message (1904).

Upon reception of the message, SBP-2 issues an ORB read
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request to the 1394 interface (1905), and the ORR is read
out from the system memory (1906). HPT stores the readout
ORB in the corresponding queue in correspondence with its
contents (1907). 1In this case, since the ORB is a data
transfer command ORB, a data read request is issued Eo the
1394 interface (1908). In response to this request, data is
read out from the designated address and is passed to an
application (1909). The application in this case is, e.g.,
a rasterizer for mapping an image, and the mapped image is
printed out by the printer engine.

After the data is read out, a status block transmission
request 1s issued to SBP-2 of the target (1910), and a status
block (data transfer status) is sent back to the initiator
(1911). Upon reception of the status, HPT of the initiator
deletes the corresponding ORB from the link, and increments
the empty queue counter (CurrentQuedQUE) by l {1912) .

With the above-mentioned sequence, data is transferred
from the initiator to the target.

{(Data Transfer Sequence to Initiator)

Fig. 20 shows the READ REQUEST status sequence.

When an application on the target generates data,
Unsolicited status (READ REQUEST status) is generated, the
status queue counter (CurrentUnsolicitedQUE) is decremented
by 1, and an Unsolicited status transmission request is
issued (2001). Upon reception of this recquest, SBP-2

transmits an Unsolicited status block to the initiator (2002).
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Upon reception of this status, the SBP-2 layer of the

initiator transmits an Unsolicited status block to the HPT

layer (2003). The HPT layer copiles the Unsolicited status

block to the status queue.

For the status at the head position of the status c;'['ueue,
the HPT layver prepares a data buffer and read request ORB
and requests the SBP-2 layer to link the generated ORB (2004) .
The SBP-2 layer 1ssues a write request to the DOORRBRELL
register (2005), and the 1394 interface writes a doorbell
(2006). A doorbell write message 1is sent from the 1394
interface to SBP-2 (2007), and issuance of a read request
of the ORB (2008) and read of the ORB (2009) are immediately
done. The readout ORB 1s passed to the HPT layer of the target,
and the HPT layer stores that ORB 1n the designated queue
(2010). After that, the HPT layer interprets the contents
of the ORB to recognize a data read request, and issues the
data write request to the 1394 interface (2011).

In responSe to this request, reverse data is written
in the data buffer prepared by.the initiator (2012).

Upon completion of this processing, the target issues
a status block generation request, and increments the number
of empty positions of the status queue by 1 (2013). In
response to the regquest, a normal status block is sent back
to the initiator (2014). When an ORB link deletion request
1s 1ssued to HPT in response to that status, the corresponding

ORB 1s deleted, and the number of empty positions (must be
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0) of the queue of the immediate execution agent is
incremented by 1, thus releasing the used data buffer (2015).

With this sequence, data is transferred from the target
to the initiator.

(Data Transfer Sequence to Initiator)

Fig. 21 shows the sequence upon data transfer from the
target to the initiator. Unlike in the sequence of Fig. 20,
since the data to be transferred is small, DIRECT status is
used.

When an application on the target generates data,
Unsolicited status (DIRECT status) is generated, the status
queue counter (CurrentUnsolicitedQUE) is decremented by 1,
and an Unsolicited status transmission request is issued
(2101). Upon reception of this request, SBP-2 transmits an
Unsolicited status block to the initiator (2102). Upon
reception of this status, the SBP-2 layer of the initiator
transmits an Unsolicited status block to the HPT layer (2103).
The HPT layer coplies the Unsolicited status block to the
status dqueue.

For the status at the head position of the status queue,
the HPT layer reads out data on the application level
encapsulated in that status, prepares a data buffer and
DIRECT STATUS RESPONSE ORB, and requests the SBP-2 laver to
link the generated ORB (2104). The SBP-2 layer issues awrite
request to the DOORBELL register (2105), and the 1394

interfacewrites adoorbell (2106). A doorbell write message

— 45 -




10

15

20

25

CA 02246830 1998-09-08

is sent from the 1394 interface to SBP-2 (2107), and issuance
of a read request of the ORB (2108) and read of the ORB (2109)
are immediately done.

The readout ORB is passed to the HPT layer of the target,
and the HPT layer stores it in the designated gqueue (2"110) .
After that, the HPT layer interprets the contents of the ORB.
If it is confirmed that the ORB is a DIRECT STATUS RESPONSE °
ORB, the target i1ssues a corresponding status block
generation request, and increments the number of empty
positions of the status queue by 1 (2111). In response to
this request, a normal status block is sent back to the
initiator (2112). When an ORB link deletion request is
issued to HPT in response to that status, the corresponding
ORB 1s deleted, and the number of empty positions of the queue
of the immediate execution agent is incremented by 1, thus
releasing the used data buffer (2113)

With this sequence, data is transferred from the target
to the i1nitiator. In this sequence, two steps, i.e., a data
write request (2011) and write of reverse data (2012), are
omitted as compared to that shown in Fig. 20.
<Functions Unique to This System>

The arrangement and operation of this system are as has
been described above. The functions, arrangement, merits,
and the like unique to this system are summarized below:

(1) Two executilon agents, i.e., queued and immediate

execution agents are prepared in the target, and command
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queues are provided in correspondence with these execution
agents. In this way, data transfer request ORBs from the
initiator are queued and processed in turn (queued execution),
but READ REQUEST status from the target is processed

immediately after a corresponding (REQUESTED READ ORB) 1S
issued (1mmediate execution). The immediate execution is
guaranteed since the upper limit of the number of ORBs linked
to the ORB list is limited to the size of the queued execution
queue for write ORBs, and is limited to the size (1 in this
case) of the immediate execution queue for read ORBs.

On the other hand, READ REQUEST status from the target
1s queued 1n the 1nitiator. For this reason, a data transfer
request from the initiator is appended to the prefetch queue,
and a data transfer request (read request) from the target
is added to the status queue. With this control, full-duplex
communication channels can be provided between the
applications on the initiator and target. That is,
irrespective of the data transfer direction, requests
appended to the queues are processed in the FIFQO order, and
data transfer i1n one direction does not influence that in
the other direction, thus providing independent channels
which do not interfere with each other. In other words, data

generated in the initiator or target can be asynchronously

transferred from the initiator to the target or vice versa.
(2) Since the initiator and target monitor the empty

sizes of each others' queues, the transmitted ORB or status
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block 1s reliably received.

(3) Full-duplex communication channels are provided
by a single login process. That is, since data can be
exchanged using the computer with many resources as the
initiator and the printer with poor resources as the te;i:‘get,
the resources of the printer, especially, the required memory
capacity, can be suppressed.

(4) Since the IEEE1394 interface 1s used, data
transfer to the target can be done when the target reads out
data as 1ts resources become avallable, and the initiator
can be prevented from being occupied by data transfer on the
convenience of the target. If the printer serves as the
target, 1t can read out data passed from the computer as its
resources become available. "For this reason, the host
computer need not execute processing for monitoring the
printer and starting data transfer after it confirms that
the printer 1s ready to receive data. That 1is, the host
computer can send data to the printer irrespective of the
printer state, and need not transfer data after the printer
becomes availlable.

(5) Since SBP-2 is used, an ORB alone is queued in the
target, and data to be transferred itself is stored in the
initiator in the processing wait time. For this reason, the
memory resources of the target can be minimized.

(6) Using DIRECT status, data of the application layer

can be encapsulated 1n status of the HPT laver, and can be
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transmitted from the target to the initiator. For this
reason, the data transfer sequence can be shortened.

Note that the system of this embodiment is not limited |
to the host computer and printer, but may‘be applied to various
other apparatuses. The above-mentioned features aré'
effective not only for the relationship between a host
computer and printer, but also for connections between a host
computer and a peripheral apparatus with small resources,
and between peripheral apparatuses.

[Second Embodiment]

A system that simultaneously provides a plurality of
logical channels will be explained as the second embodiment
of the present invention. In this case, on the target side,
a digital multi-functional machine that combines a printer,
facsimile, and image scanner can be used in place of the
printer alone.
<System Arrangement>

Fig. 23 1s a block diagram of an initiator of this
embodiment. In Fig. 23, only the differences from Fig. 2
will be explained, and a description of the common components
will be omitted. The characteristic features of Fig. 23 are
that a status identifier 212 identifies not only the type
of status but also logical channels and distributes status
blocks i1n units of channels, and has an arrangement with a
system memory and HPT processor per channel for a plurality

of (2 in Fig. 23) channels.
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Note that the status 1dentifier 212 identifies a channel
in accordance with the channel ID included in a status block.
This will be described later. For example, when a digital |
multi-functional machine is used, different applications may
be assigned in units of channels, 1.e., one channel lS used
by a printer driver and the other channel by an image scanner
driver, or a single application may use a plurality of
channels.

Fig. 22 i1s a block diagram of a target. The difference
from Fig. 1 lies in that a command fetch agent 113 distributes
command ORBs in units of channels. Each channel has the same
arrangement as that in Fig. 1, and has a prefetch queue and
two execution agents (queued and immediliate execution
agents) .

Note that an ORB indicates a logical channel, and the
command fetch agent identifies a channel with reference to
1t.
<Format of Command ORB>

Figs. 24 to 32B show examples of the formats of command
ORBs. Fig. 24 shows a data transfer command ORB, Fig. 25
shows a REQUESTED READ command ORB, Fig. 26 shows a DIRECT
STATUS RESPONSE command ORB, Figs. 27A and 27B show an
ACQUIRE DEVICE RESOURCE command ORB, Fig. 28 shows a RELEASE
DEVICE RESOURCE command ORB, and Fig. 30 shows a BASIC DEVICE

STATUS command ORB. These command ORBs are substantially the

same as those in the first embodiment, except that they have
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channel ID fields.

Fig. 29 shows an ABDICATE DEVICE RESOURCE RESPONSE
command ORB, which 1s a response to an ABDICATE DEVICE
RESOURCE request from the target. Since the target has POOY
resources, the resources of processes may become short; when
a plurality of channels are used and when a plurality of
application processes are running. In such case, the target

issues the ABDICATE DEVICE RESOURCE request.

Fig. 31A shows an OPEN CHANNEL REQUEST command used for

issuing a channel open request, and Fig. 31B shows OPEN

CHANNEL REQUEST status corresponding to that command. With
these command and status, a desired logical channel is
opened.

Fig. 32A shows a CLOSE CHANNEL REQUEST command used for

1ssulng a channel close regquest, and Fig. 32B shows CLOSE

CHANNEL REQUEST status corresponding to that command. With
these command and status, a desired logical channel is
closed.
<Format of Status Block>

Figs. 33A to 38 show the formats of status blocks.
Figs. 33A to 33C show the general format of status, Fig. 34
shows READ REQUEST status, Fig. 35 shows DIRECT status,
Fig. 36 shows ACQUIRE DEVICE RESOURCE status, and Fig. 38
shows BASIC DEVICE status. The formats of these status
blocks are substantially the same as those of the first

embodiment, except that they include channel IDs.
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Fig. 37 shows an ABDICATE DEVICE RESOURCE status block,

which stores a resource ID, which is used for requesting the

initiator to abdicate, in a resource ID field 3701. Since

this status is a request issued by the target, it is
transmitted as Unsolicited status to the initiator.y
<Command/status Processing Procedure in Initiator and
Target>

Figs. 39A and 39B show the processing procedures in the
initiator and target of this embodiment. Fig. 39A shows the
processing procedure started upon write in a status register
in the initiator, and corresponds to Fig. 18 of the first
embodiment. When the processing is started, the channel ID
1s discriminated in step 83901. After that, the same
processing as that in step S1501 and subsequent steps in
Fig. 18 1s executed for the discriminated channel.

Fig. 39B shows the processing procedure started upon
write in a DOORBELL register in the target, and corresponds
to Fig. 15 in the first embodiment. When the processing is
started, the channel ID is discriminated in step $3911.
After that, the same processing as that in step S$1601 and
subsequent steps 1inFig. 15 1s executed for the discriminated
channel.

In addition, the processing that starts in response to
a data transfer request (Fig. 14), the processing by the

target agent (Fig. 16}, and the processing upon generation

of data to be transferred from the printer to the host computer
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(Fig. 17) are the same as those in the first embodiment.
However, before such processing, a channel must be opened.

Also, an ABDICATE RESOURCE request from the target is .
issued in the same sequence as that of data transfer using
DIRECT status from the target.

In this embodiment, data transfer is done by the
above-mentioned procedures. The system of this embodiment °
1s substantially the same as that in the first embodiment,
except that a plurality of logical channels can be used.

This system can provide full-duplex communications for
each of a plurality of logical channels. For this reason,
two-way communications can be provided even for equipment
having a plurality of devices such as a digital
multi-functional machine. Hénce, the functions (1) to (6)
described in the first embodiment can be provided for a
plurality of channels.

[Other Embodiments]

Note that the present invention may be applied to either
a system constituted by a plurality of equipments (e.g., a
host computer, interface device, reader, printer, and the
like), or an apparatus consisting of a single equipment (e.qg.,
a copying machine, facsimilile apparatus, or the like).

The objects of the present invention are also achieved
by supplying a storage medium, which records a program code
(L.e., programs of the procedures shown in Figs. 14 to 18

and Figs. 39A and 39B) of a software program that can realize
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the functions of the above-mentioned embodiments to the
system or apparatus, and reading out and executing the
program code stored in the storage medium by a computer (or |
a CPU, MPU, or the like) of the system or apparatus.

In this case, the program code itself read out fr;m the
storage medium realizes the functions of the above-mentioned
embodiments, and the storage medium which stores the program
code constitutes the present invention.

As the storage medium for supplying the program code,
for example, a floppy disk, hard disk, optical disk,
magneto-optical disk, CD-ROM, CD-R, magnetic tape,
nonvolatile memory card, ROM, and the like may be used.

The functions of the above-mentioned embodiments may
be realized not only by executing the readout program code
by the computer but also by some or all of actual processing
operations executed by an 0S (operating system) running on
the computer on the basis of an instruction of the program
code.

Furthermore, the functions of the above-mentioned
embodiments may be realized by some or all of actual
processing operations executed by a CPU or the like arranged
in a function extension board or a function extension unit,
which ig inserted 1n or connected to the computer, after the
program code read out from the storage medium is written in
a memory of the extension board or unit.

To restate, according to the present invention,
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full-duplex communications that allow asynchronous, two-way
communications can be realized by a single login process,
and resources such as processes, memories, and the like
required for data exchange can be efficiently used.

Since the initiator and target monitor the empty‘sizes
of each others' gueues, an ORB or status block transmitted
can be reliably received.

Since the IEEE1394 interface is used, data transfer to
the target can be done when the target reads out data as its
resources become available, and the initiator can be
prevented from being occupied by data transfer on the
convenience of the target.

Since SBP-2 is used, an ORB alone is queued in the target,
and data to be transferred itself is stored in the initiator
in the processing walt time. For this reason, the memory
resources of the target can be minimized.

Using DIRECT status, data of the application layver can
be encapsulated in status of the HPT layer, and can be
transmitted from the target to the initiator. For this
reason, the data transfer sequence can be shortened.

Also, multi-channels can be realized.

As many apparently widely different embodiments of the
present invention can be made without departing from the
spirit and scope thereof, it is to be understood that the
invention is not limited to the specific embodiments thereof

except as defined in the appended claims.
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CLAIMS:

1. A communication control method for exchanging data

between an initiator and a target, saild method comprising

gritdy,
pa—

the steps oOI:

performing, in the target, a read operation and

write operation asynchronously, wherein, 1n the read

operation, data is read from a designated locatilion 1n a

storage area of the initiator in response to a first

command taken from a first queue and, 1n the write

operation, data is written to a designated location in

the storage area of the initiator in response to a second

command taken from a second queue;

transferring, in the target, the first command and
the second command to the first gueue or the second queue

according to a designation, included in the commands,

whether the commands should be queued to the first queue

or the second queue,

generating, in the initiator, the first command and
the second command including designation whether the
commands should be gueued to the first queue or the

second gueue; and

controlling, in the initiator, transmilission of the
first command and the second command generated 1n sald

generating step to the target so that respective numbers

of the first commands and the second commands transmitted

to the target do not exceed respective capacitlies of the

first gueue and the second queue.

2. The method according to claim 1, characterized 1n

that said target holds the second command 1n the second

queue having capacilty of one.

3. The method according to claim 1, characterized 1in

that upon reception of a data write request in said

....56....




CA 02246830 2001-05-08

storage area from said target, said initiator holds the
request in a status queue, and issues a second command toO

sald target.

4. The method according to claim 3, characterized 1in
that said target issues write requests to sald initilator
so as not to exceed the number of requests that can be

held by said queue of said 1nitiator.

5. The method according to any one of claims 1 to 4,
characterized in that said initiator issues a wrilte

command in said storage area 1in response to a request

from said target.

6 . The method according to claim 5, characterized 1in
that when data to be transferred to said initiator 1s
smaller than a predetermined size, salid target does not
request said initiator to write in said storage area, and
directly writes the data in a predetermined area of said

storage area 1in sailid 1nitiator.

7. The method according to any one claims 1 to o,

characterized in that said target and said initiator

assign channel identifiers to the write and first

commands, and asynchronously process the commands 1n

units of channel identifiers.

8 . A communication system comprising an 1nitiator and a
target, whereiln

the target comprises:

a first queue and a second gueue gueulng commands

received from an 1nitiator;

process means for performing a read operation and a
write operation asynchronously, wherein, in the read

operation, said process means reads data from a
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designated location in a storage area of the initlator 1in

response to a first command taken from the first queue
and, in the write operation, said process means writes

data to a designated location in the storage area of the

initiator in response to a second command taken from the

second qgqueue; and

transfer means for transferring the first command

and the second command to the first queue or the second
queue according to a designation, 1ncluded in the

commands, whether the commands should be queued to the

first gueue or the second queue,

and wherein the initiator comprises:

generation means for generating the first command
and the second command including designation whether the
commands should be queued to the first queue or the

second gueue; and

transmission control means for controlliling

e

transmission of the first command and the second command

generated by said generation means to the target so that

respective numbers of the first commands and the second

commands transmitted to the target do not exceed

pr—

respective capacities of the first queue and the second

queue.

9. The system according to claim 8, characterized 1n
that said target holds the second command in the second

queue having a capacity of one.

10. The system according to claim 8 or 9, characterized
in that upon reception of a data write request 1n saild
storage area from said target, said 1nitlator holds the

request in a status queue, and issues a second command to

sald target.

11. The system according to claim 10, characterized 1n

_58_




CA 02246830 2001-05-08

that said target issues write requests to sald initiator

so as not to exceed the number of requests that can be

held by said queue.

gy,

12. The system according to any one of claims 8 to 11,

characterized in that said initiator 1issues a write

command in salid storage area in response to a request

from said target.

13. The system according to claim 12, characterized 1in
that when data to be transferred to sald inilitiator 1s
smaller than a predetermined size, sald target does not
request said initiator to write 1in sald storage area, and
directly writes the data in a predetermined area of said

storage area in saild 1initiator.

14. The system according to any one of claims 8 to 13,

characterized in that said target and initiator assign

channel identifiers to the write and first commands, and

pr—

asynchronously process the commands in units of channel

identifiers.

15. An initiator transmitting a command to a target

which performs a read operation and a write operation
asynchronously, wherein, 1n the read operation, the
target read data from a designated location in a storage
area of the initiator in response to a first command

taken from a first queue and, in the write operation, the

taiget write to a designated location 1n the storage area

of the initiator in response to a second command taken

from a second gueue, said initiator comprising:

generation means for generating the first command
and the second command including designation whether the

commands should be queued to the first gueue or the

second gqueue; and
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transmission control means for controlling
transmission of the first command and the second command
generated by said generation means to the target so that
respective numbers of the first commands and the second

commands transmitted to the target do not exceed

respective capacities of the first queue and the second

queue.

16. The apparatus according to claim 15, characterized
by further comprising channel discrimination means for

discriminating a channel corresponding to the request

from said target using a channel identifier, and 1n that
said generation means assigns a channel 1ldentifier
corresponding to the discriminated channel or a channel

F

corresponding to an application of the command.

17. A target comprising:

A first queue and a second queue gqueulng commands

received from a 1nitiator;
process means for performing a read operation and a

write operation asynchronously, wherein, 1in the read

operation, said process means reads data from a

designated location in a storage area of the initiator in

response to a first command taken from the first queue
and, in the write operation, said process means writes

data to a designated location in the storage area of the

initiator in response to a second command taken from the

second qgqueue; and

transfer means for transferring the first command
and the second command to the first queue or the second
queue according to a designation, 1included 1n the

commands, whether the commands should be queued to the

first queue or the second queue,
wherein the initiator transmits the first command

and the second command to the target so that respective
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numbers of commands gqueued in the first queue and the

second queue do not exceed capacltles of the first queue

and the second Jueues.

18. The apparatus according to claim 17, characterized
by further comprising channel discrimination means for

discriminating a channel corresponding to the command

from said initiator using a channel identifier, and

response means for sending back a response assigned with

a channel identifier corresponding to the discrimlnated

channel to said initiator, and transfer regquest means

issues a data transfer request to said initiator after

assigning a channel identifier corresponding to the
discriminated channel or a channel corresponding to an

application to the request.

19. The apparatus according to claim 18, wherelin said

transfer request means requests sald initiator to 1ssue a

pr——

data write command to said storage area when a size ot

data for said initiator 1s larger than a predetermined

size, and directly writes the data in a predetermlned

r— pr—

area of said storage area when the size of the data 1s

smaller than the predetermined size.

20. A printing system using a communication control

g—

method of any one of claims 1 to 7, characterized 1n that

a host apparatus serving as an initiator 1s connected toO
a printer apparatus serving as a target, sald printer

apparatus receives print data from sald host apparatus

and prints out based on the received print data, and sald
host apparatus receives status information ot said

printer apparatus.

21. A printing control apparatus for transmitting print

data to a target, and receiving status information from
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said target, by a communication control method according

to any one of claims 1 to /.

22. A printing apparatus for receiving print data from
an initiator, and transmitting status information to said
initiator, by a communication control method according to

any one of claims 1 to 7.

23. The initiator according to claim 15, further
comprising a command list in which the second command and

the first command queued in the target are stored.

24. The method according to claim 1, wherein said first
command is an immediate execution command and salid second

command 1s a gqueued executlon command.

25. The system according to claim 8, wherein sald first
command 1s an immediate execution command and salid second

command 1s a gqueued execution command.

26. The initiator according to claim 15, wherein said
first command is an immediate execution command and sald

second command is a gqueued execution command.

27. The target according to claim 17, whereln said first
command 1s an ilmmediate execution command and sald second

command 1is a queued execution command.
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FIG.3B
0 QUEUE DEPTH

DATA TRANSFER
READ REQUEST
DIRECT STATUS RESPONSE
Reserved
ACQUIRE DEVICE RESOURCE
RELEASE DEVICE RESOURCE
BASIC DEVICE STATUS

Reserved

A16
Bis~F1s

1016~7F16

Control set dependent

02246830 1998-09-08




5/43

40) %

1Ued 1} IubIs 1sea)

t ' . . b 1

cgamnlmsw:clmzpmpm

gd0 1xeN

v Ol

1ued 1 Jiubrs 1sow

0} 74

02246830 1998-09-08

CA




6,743

IUBO ) iubls 1seo|

' (] (] |
) : ' 1 ' b ’ i ‘ ’ ' v ¢
; ) : » [ ] 4
{ '
ccccccc
1" Y 1 ’ ' [ H \ ¢ » ) !
- - . - . """
) - ' ’ ' 0 ' ’ » N r ' ’ ’ ' . " , T

0
. H%#:__
€0G ¢06§ 10S

......... 101d1.1osap elep ST

........ - gHo 1xeN

iuedlliubis 1sou

G Ol

02246830 1998-09-08

CA




7/43

1UedJIUBIS 1sSea|

lsqunu 8ousanbes

109

(¢)uoll

oun}

........

........

ggoxeN e

Jued 1 jrubis 1souw

90l

02246830 1998-09-08

CA




8,43

L0L

1uedIJiubis 1seo|

18qWnu "9ousnbas

.cymco_axoo_n|vcmeeoo

9z is elep

........

gdo IXeN e

luedlJiubls jsouw

L Old

02246830 1998-09-08

CA




9,743

luspuadsp 189S [011U0Y)
PoAIS8SaY
lUspuadsp 011s14910€4EYD }1Un |BDIBO| pue SSB |0 901A8p

91J-91()|
914-|
0

108

yibua| o

lllllllll

gdo ixeN e

juedtjiubls 1soul

02246830 1998-09-08

CA




10,743

juedlliubls 1ses

d| 99.4noss.l

’ b ’ ’ ¢ ' ¢ '

;cho_lxoo_glncmesoo POAIQSA.
. 1w b
......... 101d1.10s9p elep e

-
-
-
-
-
-
-~
-
-

gy0 1XeN e

1Ued 1 LIUBIS 1souw

6 Ol

02246830 1998-09-08

CA

a—_—




11,743

1UedJIublsS 1ses|

] | 1 ] _.
o T ESw Ry av » ) ' A
b L] ] |

g0 1xoN

019l

» L] ¢ » L]
1 ' FptmEakake Tl & B
' ] ] ' 1

1uedtjiubts 1sou

02246830 1998-09-08

CA

-—a - - s s - e 0.

s = — - — —— S— g

e —




12,743

SOLI

VoLl

1uedifiubls 1ses|

1 ) 1 1 ' ' b ) . ' " ' ' ) ' ’ 1 ' '
' E
.'.--““4 - " - . - - - . . * . - ~ . - . .......
) ' ' ' ; ' b ) ’ ’ ) ' ’ N ' ' ' ' f
. v
.“..—'I‘.J ' 1 ' 1 ' .- . 1 * . ' 1 ’ " . 1 1 ' . . » “ 1 A ' 1 ’ T -““
1 1 1 1 [ 3 1 1
] . | } | 7 ’ ' ' 1 [ ] ] [} ’ 1
| »

300 |Q 8suodsa.l

- v vy easww J h a - [ 3 1 . . ' . . . » '] ' M 1 . ) w.!b.al.l-‘.l"
[ ' . ) n ' ’ 1 ’ ' 1 I ’ ' ’ b " I '
' 1
...... J . * - - - . - * -
' [ ' ' ’ u ' . ’ "
' v

BlS |P9AISSal| luspusdsp-sniels 1dy

POAISSH.)

yibusi snjy

1uUedtliubls 1souw

02246830 1998-09-08

CA




CA

e e ———— T i . O —

1343

FIG.11B

() QUEUE DEPTH
DATA TRANSFER
READ REQUEST
DIRECT
Reserved
DEVICE RESOURCE
DEVICE RESOURCE
BASIC DEVICE

Reserved

Bi6-F16
101e6-TF16

Control set dependent

02246830 1998-09-08




14,743

L0C |

ued | jiubls 1ses|

¥ ’ 1 1 { " . X v ’ ’ ' ' “ b ' ' ’ 1 ' 1 " ' 1 . ' I ' '
‘ ’
Tevwwwanmas 1 . ) « ‘ . \ i 5 ' : ' ' ’ . ’ - -
| 4 |
' ’ ’ v - ’ ) ) ) . ) I I ) ‘ ’ : ' '
| } | 1
lllllll 1 - e uw AN,
. . . : . ) . . . ‘ ' ‘ . , " , . “ : . N .
v ' i
’ '
‘..'-'l"d ' ' ’ ] N : . ) ' 4 ' ' ) Nl ........
' ' ' ' ’ " ‘ a ' v " ' ' ! ' 1 ) i a
’ '

' ' ) - ) ' '

cuaovlo:omcicoyo%uoga

Yibus|~sniels |peasesas| juspusdsp-snieisTidy

| ’ '

0| 71854407 gH0

1UED I L IUDBIS 1sou

02246830 1998-09-08

CA




15,743

1Ued 1L I1UBIS 1Sk

’ ] v ] ’ ‘
llllllll ﬂ ' . "
! t k ]
llllllll # " " "
1 1 ’
ll.)“‘lﬂ ’ '
* ] ’ 1
“IJIIQIJ . ) ) "
’ ) »

¥ | | 1 ’
1 » M ’ .
v ’ 1
1 F - °= s -e.ww
k
1 ﬂ. llllllll
] 4 | ]
1 1 1 -.'.‘l-l'll
»

dsall} 2.s

1Ued 1 JiubBIsS 1souw

02246830 1998-09-08

CA

PO 0™ B o e e e s s 000 o =t ¢ S g Ad




16,743

FIG.14

51401

DATA TRANSFER
REQUIRED EVENT?

NO

YES

51402
IMMED | ATE

IMMED | ATE
OR QUEUED?

QUEUED ~
$S1403

S1405

NO Current

ImmediateQUE)>(?

CurrentQuedQUE NO

>0?

YES

51404

DECREMENT
CurrentQuedQUE BY 1

S1406

DECREMENT
Current ImmediateQUE BY 1

R S1407

LINK ORB TO ORB LIST

S1408

WRITE {N DOORBELL

CA 02246830 1998-09-08




CA

17,/43

INTERRUPT PROCESS{ING

(EVENT:WRITE IN
DOORBELL register) FIG1 5

SET ORB START ADDRESS S1601
IN read POINTER

51602

ORB INDICATED BY

ACQUIRE END ADDRESS
(NextWritePointer)OF
PREFETCH QUEUE

COPY ORB INDICATED BY

DESIGNATED I[N ADVANCE

S1604

COPY ORB INDICATED BY
read POINTER TO
NextWritePointer OF
PREFETCH QUEUE

INFORM IMMEDIATE
EXECUTION AGENT OF
ORB RECEPT |ON

S1605
INFORM QUEUED EXECUTION
AGENT OF ORB RECEPTION

S1606

Next_ORB OF ORB
INDICATED BY read POINTER
=NULL?

YES

END

NO

SET VALUE OF Next ORB OF
ORB INDICATED BY read S1607
POINTER IN read POINTER

02246830 1998-09-08

read POINTER=MMED IATE > MWEDIATE
OR QUEUED?
QUEUED S1603 S1608

read POINTER TO ADDRESS

BY IMMEDIATE EXECUTION
AGENT BY read TRANSFER




CA

18,43

INTERRUPT PROCESSING
(EVENT:0RB STORAGE
MESSAGE FROM FETCH AGENT)

EXTRACT Data Descriptor,
Direction Bit, and Data
SIZE OF ORB INDICATED
BY Nextreadpointer

S1702

FIG.16

S1701

S
DATA SIZE=07 s

NO

S1703
Direction Bit NO
=Write?

YES

read DATA WITH DESIGNATED
SIZE LENGTH FROM ADDRESS
DESIGNATED BY

Data Descriptor AND

PASS READOUT DATA
TO DATA PROCESSOR

S1704

DATA PROCESSOR PROCESSES
ACCORDING TO INSTRUCTION
OF DATA CONTENTS

S1705

S1711

DATA PROCESSOR ENDS
PROCESSING BASED ON
INSTRUCTION OF DATA

S1706

DATA PROCESSOR [NFORMS
EXECUTION AGENT OF
PROCESSING END MESSAGE

S1707

GENERATE Status Block FOR
PROCESSING END MESSAGE OF
CORRESPONDING ORB

S1709 WRITE IN Unsolicited
Status Register

S1708

Write REVERSE DATA
OF DESIGNATED SIZE
LENGTH AT ADDRESS
DESIGNATED BY
Data_Descriptor

RELEASE BUFFER THAT
STORED REVERSE DATA
OF target

S1710

S1713

GENERATE Status Block
FOR PROCESSING END
MESSAGE OF
CORRESPOND ING ORB

S1714

WRITE IN Unsolicited
Status Register

S1715
INCREMENT
Cur{entUnsolicitedOUE
BY

END

02246830 1998-09-08




18,743

INTERRUPT PROCESSING
(EVENT:GENERATION OF DATA
FROM PRINTER TO HOST)

FIG.17

S1801

NO
DATA>24BYTES?

YES

- S1802 S1807
GENERATE GENERATE DirectStatus
ReadRequestStatus

51808
S1803
GENERATE REVERSE DATA [N
SET STORAGE JODHESS
OF REVERSE DATA IN

ORB_offset

51804

NO CurrentUnsolicited

QUE>(Q?

YES

DECREMENT

CurrentUnsolicitedQUE
BY 1

WRITE IN Unsolicited S1806
Register

S1805

CA 02246830 1998-09-08




20,43

ONd

OlGILS

60GLS

804G 1S

JLVIQ3NN] G40 3LVHINTD

PES4 40 1SOH WHOANI

d344N8

|

A8

Jnpeileipswil] jusiing

LIGLS

g1G1S

1S1T WOYd
ONTANO4S3HHE00 31313d

INGWIHONI

aNd dv3y

30 L1SOH WHOIN|
G1G1S

81l

g40

01 VIVQ 3SHIA3H AdOD

FOVSSAW NOILVYINID INJAL
d341N03d H3JSNVHL V.1V(

LOGILS

QY34 '31VIQ3ANT "G40 JLVH3NIO
1S3n03Y QvH

90G1S

¢SNLVLS 133410 HO

| A8 3nDPsnpiIuUs.ing
INIJNIHON |

PLlG1S
43134Ng V1va 3JSv313y

EL1GILS

1S171 KOHd 84O
ONI1ANOdS3HH00 313130

¢clG1S’ I1iym

Ol

avdy

A0 E

SNLVLS 1S3JN0Jd adv3d

GOS LS

V1vQ 3SH3A3H ONIHOLS HO0d4 4341N03Y
3Z1S HL1IM H344N8 39VHOLS Y1VQ 3HNSSY

POG1S

193410

SJA

¢3N3AN0 SNLYLS

40 NOIL1SOd QV3H ON

€0G1S

N3N0 SNLYLS 40 ON3 0L 908
SN1B1S Palio||osun Ad0D

Q41 10170SNN

¢0G 1S

10 J] [dM=8H0
ON | INOdS 34402

LLGLS

&TYWHON HO pei1idljosun

TYWEON

L0GLS

(191S1D8Y palloljosun Ni JLIHM: INTFAT)
ONISS3I0Hd LdNYH3LNI|

02246830 1998-09-08

CA

—_—




21,/°43

CEERIIS

1S3n03Y INRETEREN
NO 1SS | WNVHL LBy _ ANTT 3137148 | A8
NO| LY43NTD 216 _w MO ALJA3
00| § SN1E1S (434SNYHL VLVO)00|g Snielg INIWIHON |
¥o0|g snieis
qivganas | 0161
NOI1n93X3 B v1VQ
1S3N03Y 1S3n03Y
ay3d vivd .o;<mm Y1lvd mom—
G40 134dYIIN] w
3n3n0 8061
ON | NOJSTEHO0D
NI JHOLS
JLNGIHLLY L06 |
N3N0 84O _
1394y] | 1J8dH3INI ] (HISNVY <H¢ovmxo |
TS0 HOLY I LIN
av3d gHo | @O@_
JOVSSIN ILI YK
G061 | 1984004 31 | HM 106 |
( __mmhooo pmm:omm 3L 14K (
06 | | 1884000 1S3N03Y
moml v_c_._ q4o AU GHO
| A8 3N0 ALdW3
Nom_ INIWN-4HI3G
g0 aNY :
viva aveave| © 1 9|4
INTOY INJOV 3 i
e i Z-dgS P6E | PBE| Z-dgs LdH

02246830 1998-09-08

CA

s




22,/43

| A8 3ND ALdWd

INTFWIHON | a10¢ 4344n8
1S3n03Y 7102 ~ Y1va 313730
NO 1SS | WSNVHL N ANTT 3137130 | A8
NG| LVHINID - IND ALJW3
9018 SNIEIS 400|g snieis INIWIHON |
300|g shielg
m._.<m_mzmo m_.ON N —ONN
| 5 Yivad 3SH3IAIM
1S3IND3Y 83144 VIV
g40 LIHJYAINT  {
IN3AND 1102
ON | NOJSTHHOD
N} 340LS
31N IYLLY g40
010¢c 3IN3ND 94O Cmmamm e dOLVILINI
13ouyy | 139dddIN] 800¢ 1S3N0H
WECRECY moom 7002
ILI4M 840 mo<mmwm 80 011 4 )
| |9g400( ¥U17 840 100 mmmmwo
18
NOON @OON xc_._wmmo L A8 300 ALN3| paiio _omcm
1S3n03y Noom G00¢ Emuwx%m av3H
NO1SS | WSNYYHL
palioljosup N Noo(g sn1el A0 g SMIELS
NOILVYINIO || A9 3D ALJWI INIWIHOIQ oo|g (SNLYLS 153N 9@5 pPelol _omcm P _mmu
Y1VQ snielg pallol|osun J1vY3INTO 01d mzpm_pm PeiIotIostn LIWSNYHL
INFOV INTOV _ _ .
01 LT 0134 1 Z~dgS y6E1 v6e | Z-dgsS LdH ON O_n_

02246830 1998-09-08

CA

— -




23,/43

Ollic
1394V1

NOILVHINID || A9 3ND ALdW3 IN3W3HO3Q 001d

v1vd SNiels nop_oh_omc: 31YHINIO
INJOV INJOV
NO I LROdX3 H31d4 L1dH

| A8 N0 ALdW3
INIWFHON!

1S3N034
NO!SSTWSNYHL

NO I LVHIN3S
No0|g Snieig

Elic

390|g Sn1elg
31VHINID

g40 13ddHIIN|

3N3N0
ON | ANOJS3HH0)
NI 3401S

31NG14LLY
3N3N0 G40
13ddHAINI

153N03Y

NO|SS1WSNYHL
Noo|g snielg
pel ot josup

43449
2112 N V1¥0 LI
INIT 313730 AZ
) N0 ALdW3
30018 SIBIS IN3WIHON|
LL1¢
840
(3SNOJSH 19341Q) 84O dOLVILIN]
801l¢ 1S3n034 -
mommwsmwmc_ o0 ¢ voﬂ_m
3L14K 8HO . o1 1Ip
1984000 | o000 Ls3n034 o1y | | anpay 10 40
w w a19%0]  suigado  |otoorg sniels
bl 9012 v_c:“mmo | A8 30D ALJA3 Ezmﬁmm“m
G012 INIWIHOIA| v vd avan
2012 40 3JLVHINTD
l0le ) €012 30 0L
, ¥0018 STIEIS | oot o1 osis
| (10341Q) pal19o| |osu PeY! .~>mow

¢—dgS

Noo|g SNIelS psaliol|osuf

|
b6 |

veEl

¢-d8S

LIWSNVH]

T AR

02246830 1998-09-08

CA

s ol — - — - — ——EE s EmEiEEEtEm ® s ss s @

. - ——



24,/43

9,01

€/0|

(840) ANVIWOD 938! pauw] A=

N3N0 HI13434d

ARNNE !

......... = (NYWWOD PenD

1N3OV
NO I LNno3X3
1VIQdWWI

| HOSS3004d
V1V(Q

(L TT3INNYHD)

NO11No4X3
(EqEH

Jov443INI sng o1 9801

113945004
NOI LND3X3 AN3N0 H313434d (0_"TINNVHO)
ev0 | IN39Y HO13d
RIR AR ONVIIWOD
0 40SST0Md| | e e .

Y1V(Q

=

llllllllllll = ONYRWNOD panD JOV4HIIN|

yotl

NO11N0dX3
ddndno

~ BGQ| ¢01

JOV4ddIN|
Sng

101

02246830 1998-09-08

CA




25,/43

405S300dd N3N0 G0 ¢

|
_
|
N3N0 SOLYLS " L__H__.l.__u_:— a —
{
qpog—+— & . JIONVH 850

P T T D ——— N e — —— ——y  — WP S Wwvv W wrew  vew D SN SR WS S WS S Sy Sm— m— W Wy G ——, .—
_

H0SS3008d LdH

0l¢

44151934
(L TT3NNYHO)

SNLVLS

e v A — U U —

ge0¢ w.
30V443INI Snd OL 4344n9
405530084 313N0 s
3N3N0 506
SNVIS
£0¢
°v0¢ ) AHOWIN WILSAS

d0553004d 1dH

B

_
|

.
| e T o
| | .
(0 TINNVHD) _ |
d3ldiINaa) [ " :::— m | %2902
SILYLS , ainininiaininininie HIONVH 890 e g .,
JOV4HILN| e o rt Bl 4 o190¢
veEL]  z|z SNLY1S €30¢
VRYON
_{ 3ov4431N] H344ng
sng V1Va 0607
10Z
£0¢ AHOWIW WILSAS gHo €807

€¢ 9l

| NOIL¥J!|1dd¥

(0 NOILYJIddY)
43A1HA
431N 1dd

02246830 1998-09-08

CA




26,43

1UBD | JIUBIS 1SE8]

i ’ [ r ] '
‘lllﬂ‘--‘b. .
| " ‘

lllllllll

POAI9SI

-~

gd0 1xoN

V¢ Ol

1 1 | ’ ’
' ' ‘ \ \n'.‘l-l‘.'
! t 1

1Ueol}Iubls 1sou

02246830 1998-09-08

CA

—  ——— — —— . tE— @ - S P o’ el




27,/43

juedlliubls 1se9|

llllll

L

POALISSO.

gd0 1xoN

G¢ Ola

juedljiIubls 1souw

02246830 1998-09-08

CA

D TR I e L L ~ -




28,43

1UBOI1JIUDIS 1SEd|

gH0 1XxaN

9¢

Ol

lueol Jiubis 1sow

02246830 1998-09-08

CA




28,/43

luspusdsp 18s |0J41u0) | 914)-910}

9i4-1|
luspuadsp 011S14910B1BYD 1IUN |BO|BO| puUB SSEB|D 901A9P 0

89.1Nn0S0Y an|ep

Ued 1 JIubIs 1ses|

Uo|lezZIpJepuels 8.4nin} 10} POAISSSY

pec|Aed xeuw

lllllllll

......... . gHO ™ 1XoN o

‘‘‘‘‘

d.l¢ 9l

V.¢ Ol

1URD I JIUBIS 1sow

02246830 1998-09-08

CA

e

W A ——




30,43

juedol jiubis 1ses|

lllllllll

llllll

101d1.19s8p ElEp

gy0 1xeN

8¢ 9l

........

Jued I jiubtis 1sow

02246830 1998-09-08

CA




31./43

luedl L1ubBIs 1sea|

lllllllll

©e1y)u

011

oun)

101d1.10s8p B8P

gy0 1xeN

6¢ Ol

“““““

Iued I 1ubis 1souw

106¢

02246830 1998-09-08

CA




32,/43

1URD 1 JiuBiS 1Se9|

" '
“"- """ . . . — .
\ ’ » F b ’

PRAIQSA

““““““

g0 1XeN

0¢ Ol

(0)
1wy bu H

lllllll

luedljiubrs jsow

02246830 1998-09-08

CA

WY — p—— -




33,43

1uedlJIuBIs 1ses|

cuamvlmzomcl

1Ueo | L 1uBIS 1ses|

k 1 L

lapuodse.l

;Haonlo:m:cihoummscog

Vie

Ol

d

(

——

| aUUBYD

v

usdo

1uedjiubtls 1sow

_occw:olcoao

1Ued 4 tubls 1sou

02246830 1998-09-08

CA




34,743

1Ues | JIuBIsS 1Se9|

1UBD | L IUBIS 1SE9|

PRAl9S3l

POAISSS.

d¢t

Ol

PoAlase.l

Ve

Ol

(| |8uueyo aso|o

1Ue21J1UBIS 1sow

(| |8uueyd 9so|o

lueoljiubis 1souw

02246830 1998-09-08

CA

—— —

R LS R L L ELELE Lol L .

. ————— —



35,43

1ueo | JIuBIS 1SE9|

1 n » L]
"""" ] '
] | 1 | ]
sewsesseswqy ' '
]
l.l‘.‘!.lﬂ . N )
' v [} ' 1
lllllll d
v

1

Yyibus| sniels |psAlossl

)
1
1
. ’
» N » ' '
»
»
' " 1 (] .
1 )
)
I
] 1 ]
F | ] '

¢ ¢ ! »

14T19544078H0

’ ' Y N 1 1 1
L)
‘

300 |Q 2suodsa.

’ n . - .
¢ v . { ¢ ' .

sniels dgs

VeE Old

’ ' foeTveaveas
1 » ® ] ] ] i
. . ’ ’ R f o e
¢ )
lllllllll
p T wmTTev
' ] 1

us | dsaJ| 24s

1uedijiubls lsow

02246830 1998-09-08

CA




36,/43

FIG.33B

reserved for future standardization

reserved for future standardization
READ REQUEST

DIRECT STATUS
reserved for future standardization

FIG.33C

ACQUIRE DEVICE RESOURCE reponse
reserved for future standardization
ABDICATE DEVICE RESOURCE request
BASIC DEVICE STATUS

Cie—Fi6 | Reserved for future standardization

1016-6F16 | Control set dependent

CA 02246830 1998-09-08




37/43

lueoljIubis 1sea|

¢ ) » b h ]

Teveevewqy ' 1 1 »

] "

- - - ) ’ »

" I I +
lllllll J ' ' '

" ' ' | N

O (®)

yibua| snieils

.. Y . . . " ' ' ' b .

’

. . R

Y . ’ ' g 1 I ' ‘

»

’
1 ’ ' ’ . » 1 ’ [ -

! 1

'

1

. e E e om wym woy

v

N

'

symcm_lwpmuacmh

gl |euueyo

U9 | namo_ 04S

JUead4iuUbis 1souw

sniels dgs

] ’

02246830 1998-09-08

CA




38743

jueoljiubls 1sea|

| 1 t ¢ »
) 1 4 L]

[ 3 1
1 1 ] | "
' ¢ '
]
1 '

o_l_mccm:o

1 1 )
' ' ' F~-"n-=="
' .
, Femvm e
’
T S R
' . : ’ )

lueoljiubls 1sou

02246830 1998-09-08

CA

- — —————— —— - — 1 - . -



39,743

1ueo 1 j1ubls 1ses|

| | ] »
1 ' ‘ . . 1 ' ’ 1 ‘ a . . 1 ’ 1 ' v ,
| ]  }
..‘..{'{'d . ’ . ~ - " ’ - - - " - .......
' v ' ’ ' ’ . ’ ’ ' I 1 [ . b ' ' : ) ) I v
[ ] |
i D % ’ 1 ' ' “ ' ' 1 ’ ' ' " I “ ) ) C Tttt Sl
[ ’ ' ' 1 v ' ' ' ’ ) ) ’ . ) ) ’ ’ {
' 1 '
1 1 ’
I‘Il.'."ﬂ ' ' ' . ' “ s I ' ' " ' ' ’ . T il ikt
' I ' ) - I i ) ’ ’ ’ ' .
4 3 i}
] » )

d| e9.nosal

L

_ (8) POAISSS .
yibus | Tsniels

dsall 0.s

1ueoiJiIubls 1sow

02246830 1998-09-08

CA




40,43

LOLE

1ueo i j1ubls 1seaj

) 1 [ ’ . ’ 1 " ' ' I a b ' ' " t ' I ' ’ ' ’ " ' i 1 ) '
[ ] 1 ]
""""" J ] . 4 W E mYTTYT Vv e
I i ' ’ " " " ’ . “ _ ; " , , o " " " ¢ i ’ v ’
' ’
' '
"EESEEEEY ’ ) ’ i ’ " . [ ' ’ ' " ’ ' F el R
' ' . ' ' ’ v ’ . . ' I a ' '
' v
llllllll J I ' \ “ ¢ ' ' . “ ) ' ' : " ’ I ' ’ . -lllll.llll
\ v . ’ ' ’ ' ’ ' : 1 ' . ’ ' ’ . ) I
' ' .

" v 1 L] 1 » L '

ENEN

(8) q

yibus| snieils |

1107gHO

0| 189S
04S

uesljiubis 1sow

LE DI

02246830 1998-09-08

CA




41,43

lueolLiubis 1ses|

’ . ' . ' ' a ' ' " 1 ' ' ' ' b ' " N ’
' '
M P uEEEmww d - . . - . - ’ ' - . . . . . - " ﬁ - ........
2 ' ’ 1 N ' I " ' ' ’ ’ ' ' ) ' 1 : i ) '
' .
""""" J ' ' ' ' ' . . - I ' ' " .“ll“l‘l
“ 1 . . , , . " . ' ' ’ " ' ’ ' ' b
’ N .
- aeseEe s eswuwae ‘ . . - - . ] . . . ﬁ...J..‘.
" " \ ' ’ " ' I ' » 1 ' “ N ' i ’ 1 ¢
1 ’ 1

t
¢
' ' ] ¢

(8) 1dL  amye
yibus | “snieis d| |suueyo

I

usg | dsalt| 0Js

1UBD 14 IUBIS 1sow

02246830 1998-09-08

CA




42,43

FIG.39A

INTERRUPT PROCESSING
(EVENT:WRITE IN Unsolicited

Status Register)

DISCRIMINATE CHANNEL ID S3901

BRANCH TO STEP 51501 FOR CHANNEL
CORRESPONDING TO CHANNEL [D

FIG.398

INTERRUPT PROCESSING
(EVENT:WR!TE IN DOORBELL register)

DISCRIMINATE CHANNEL ID S3911

BRANCH TO STEP S1601 FOR CHANNEL
CORRESPONDING TO CHANNEL 1D
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