
EP O 316 251 B1 Description Background of the Invention 5      The
invention relates to control of processors, and in particular to the
provision of a standard interface for controlling multiple processors
coupled together. Control panels are used to provide an operator diagnostic
capability to a processor. They permit a user to directly access processor
registers and main storage In a processor, bypassing layers of processor
software which could be faulty. Early control panels consisted of switches
which were settable by an operator. Registers 10  could be set by use of
the switches, and their contents were represented by lights usually
residing on a physical side or panel of the computer. More recentverslons
of control panels have Includuded a service processor directly attached to
a processor and Its main storage. The service processor Is then controlled
by a typewriter key- board, which may invoke programs in the service
processor, to read and write register contents and main store data. Each
processor is usually provided with its own control panel, If It has one at
all. This results in much 15  duplication of circuitry, since both I/O
buses and the control panel have separate paths to main storage. Limited
paths have also been provided to some registers through I/O buses. U. S.
Patent No. 3,879,712 describes a diagnostic interface attached to each
processor. Each interface Is also attached to a bus, and appears as a
separate device from the processor it is attached to. The diagnostic
interface Is used by another processor to provide access to the processor
the interface is attached to for run- 20  ning diagnostic routines. The
Interface provides access to some of the Internal registers. One problem
with this type of Interface is that many 110 buses have a limited numberof
addresses available ora limited electrical load capacity. It severely
limits the number of processors with diagnostic interfaces which could be
coupled on an I/O bus. The interface provides only limited access to
control registers, and thus does not provide a full control panel function.
It is also separate from the I/O interface, and thus would require the
above-mentioned 25  duplication of circuitry. The principal object of the
Invention is to provide an arrangement and a method for providing control
panel functions to a bus unit associated to a bus Interface adapter
according to claim 1 and claim 15, respectively. Summary of the Invention
30 Control panel function is provided through a processor'sl/O attachment
interface by the addition of a fa- cility responsive to control panel
commands. Control panel commands are intercepted by the control panel
facility from communications on the I/O path to the processor, while normal
bus communications go on to the processor. When a control panel command is
detected, the command is executed by the facility using existing 35  and
added paths to the processor registers and main storage to read and write.
The control panel facility is preferably embedded In each processor
attached to the bus, and any unit attached to the bus may serve as a
control panel, providing control panel commands. By extensive use of
existing paths to registers and main storage, little hardware is required
to add the facility to existing processors. The invention provides full
control panel function using the existing paths In a processor from Its
connec- 40  tion to an I/O bus. No extra connections to the I/O bus are
required, thus permitting full utilization of the bus capacity for
processors and I/O devices. Since the facility passes on normal
communications and only Inter- cepts control panel commands, the facility
need not be removed or disabled when control panel functions are not being
performed. The control panel commands may be issued by any other processor
attached to the bus which has the 45  capability to issue the commands.
Auserat a workstation attached to a workstation controllerwhich Is attached
to the bus can Invoke a diagnostic utility running on a processor, which
Issues control commands to another processor. Or, the user may issue the
commands directly from the workstation. Greatflexibility Is thus achieved
with little added cost. Since only one processorneed be capable of issuing
control commands for all the processors attached to the bus, there is no
needed duplication of control panel 50  function. Further flexibility is
obtained In that control panel commands do not need to take complete
control of a processor attached to the bus. Other commands received by a
processor following a control command are processed as normal, unless the
control command Intentionally stopped the processor. There Is no require-
ment or burden of switching modes of operation in order to provide the
function. Further benefits will become apparent after reading the detailed
description. Description of the Drawings. 55      Fig. I is a block diagram
of a bus with several bus units incorporating a direct control facility.
Fig. 2 is a detailed block diagram of a direct control facility as
incorporated into a bus unit. Fig. 3 is a flow diagram of the handling and
routing of bus communications. 



Fig. 4 is a flow diagram of the handing of control commands by the control
facility of Fig. 2. 2    EP 0 316 251 B1 Fig. 5 is a flow diagram of a read
operation performed by the direct control facility of Fig. 2. Fig. 8 is a
flow diagram of a write operation performed by the direct control facility
of Fig. 2. Fig. 7 is a flow diagram of Run and Stop operations performed by
the direct control facility of Fig. 2. 5   Detailed Description In Fig.1, a
bus 10 is shown with several bus units, 12,14, and 16 attached. Bus 10 is
an I/O (input/output) bus, which Is used to pass data between the bus
units. The bus units are a mix of processors, Including I/O
controllersforcontrolling direct access storage devices 16A, I6C,
communication devices and many othersec- 10  ondary storage devices such as
tape drive 16B. The communication devices usually Include workstations 14A,
14B and devices for providing access to external communication medium, such
as modem 14C. Bus unit 12 is coupled to bus 10 by a bus Interface 18. Bus
interface 18 performs functions required to attach bus unit 12 to the bus.
Such functions include arbitration for obtaining control of the bus, and
data ma- nipulations to match data protocols of the bus unit 12 to the bus.
15      Bus interface 18 attaches a control bus unit processor 20 to the
bus. Processor 20 is In turn coupled to a control panel 22 via a control
panel Interface 24. Processor 20 processes commands from the control panel
22, which are then communicated to the other bus units 14 and 16 over bus
10. Bus units 14 and 16 also have similar bus interface adapters 28 and 28
to perform arbitration and protocol matching between the units and the bus.
In addition, the bus Interface adapters 26 and 28 have a direct access
control facility built into them 20 to recognize control panel commands
directed to their respective bus units. Control panel 22 Is a user
Interface In the preferred embodiment, consisting of a personal computer
with typewriter keyboard Interface and a display. Other user interface such
as physical switches may also be used. It provides a user with a standard
control panel capability to read and write registers and main storage of
any of the bus units which incorporate the direct access control facility.
The above capabilities are usually used 25 by programs running on control
bus unit processor 20, after being Invoked by the user via control panel
22. The bus Interface 18 of the control bus unit 12 may also incorporate
the direct access control facility, and be controlled by any other
processor attached to the bus which has control panel capability. The
direct access control facility allows diagnostic control of processors on a
bus where the processors do not have control panels for determining the
cause of hardware and software failures. The facility is prefer- so ably
Implemented In hardware so that no software need be running on the bus unit
in orderto access processor registers orstorage. The Intent is to supply a
capability similarto prior system control panels, capable of reading and
changing processor registers and storage, and having control capabilities
to retrieve status and to control processor functions such as resets and
execution control. The facility has a variety of uses, inciuding hardware
and software debug, status retrieval after a software 35 failure in a
co-processor, diagnosis of hardware failures without removing hardware,
initial program load, hard- ware Initialization and testing coincident with
normal processing. One can stop a processor by simply writing an
appropriate value Into a known register. The contents of the remaining
registers are then read via com- mands, and their contents can be used to
debug software programs. In Fig. 2, wherein the numbering Is consistent
with Fig. 1, bus unit 14 is shown attached to bus 10 through 40 bus
interface adapter 26 and a connection 39. Bus unit 14 comprises a processor
40 coupled to a main storage device 42. Processor40 contains registers
identified at44 which consist of general purpose registers, address- ing
registers, control registers, and otherassorted registerswhich in prior
systems would have been accessible via a control panel to control processor
40. Bus interface adapter 26 contains a bus unit address 46, which Is a
register containing the 110 address of 45 the bus unit, and is used by the
bus Interface adapter 26 in obtaining access to the bus and determining
when a communication from another unit is intended for it. The bus
Interface adapter 26 further includes a direct access control facility 48
which monitors bus communications for control panel commands which are
Intended for bus unit 14. Information transmitted across bus 10 has a tag
associated with it which identifies the type of Information that it Is. In
one preferred embodiment, the tag is transmitted on address lines, but may
equally 50 well be imbedded In the command Itself. Separate bus lines could
also be used to Indicate the commands. Control panel commands are indicated
by such a tag, and are routed to control facility 48. No action is taken 



by I/O adapter 26 unless requested by control facility 48. The direct
access control facility 48 has access to a number of control facility
registers 50 which are used by it to buffer data between bus unit 14 and
the bus 10. The direct access control facility 48 has access to 55 some
registers 44, and most of main storage 42 through many lines and logic
which were already in existence prior to Implementation of the direct
access control facility 48. The I/O adapter 26, through implementation of
direct memory access to main storage 42 had read and write access to most
locations in main storage 42. A line or lines 52 from I/O adapter 26 to
address line control logic In processor 40 provides addressing control 3
EP 0 316 251 B1 on a line 58 to main storage 42. Further, a line 58
provides for the transfer of data from I/O adapter 26 through data routing
and control block 80, over a line 82 to main storage 42. The main purpose
of such lines in prior I/O adapters was to provide for transfer of data
between storage devices attached to the bus 10 and the processor main
storage 42 without Intervention of the processing ac- 5   tivities of
processor 40, a standard direct memory access (DMA) capability. Some prior
I/O adapters further provided a line 64 coupled to a register select
control block 68. Register select control block 66 provided read and write
access to some of the control registers 44. Data was written and read via
the data routing control block 60 via line 62 which was also coupled to the
registers. The direct access control facility 48, while Indicated as a
discrete block, Is Integrated Into the I/0 adapter 10  26 and partially
Into the processor 40, in the form of a more complete set of access
connections to further reg- isters 44, to provide a complete control panel
function. Further, a control facility status register Included in con- trol
registers 44 has been added to the bus unit 14. The status register, while
not required, Is useful for providing the status of operations. It is
preferably exclusively settable by bus unit 14 to give an accurate
representation of the status of selected operations. 15      The status
register indicated with registers 44 Is assigned the following values In
the preferred embodi- ment: Bit           Value         Meaning 1
0          No error occurred on the last direct control facility 25
operation  to this bus unit. 1              1          An  error did occur
on the last direct control  facility operation to this bus unit. 35
2               0          The processor  in this bus unit is not running,
or there is 40                                             no processor  in
this bus unit. 2              1           The processor  in this bus unit
is running. 45 50 55 4    EP 0 316 251 BI 3              0          This
bus unit does not 



have a check condition. 3              1          This bus unit has a check
condition. 4              0          This bus unit is not 10 stopped due to
an error. 4              1          This bus unit  is 15
stopped due to an error. 5-15                      Reserved. 16-31
Defined by each bus 20 unit. Bits 16 through 31 are defined by each bus
unit and may contain information that the bus unit designers desire. This
information is selected to show the status of the bus unit and reduce the
number of direct control 25  facility operations needed for the controller
to determine the target bus unit's status. The status register 44 Is not
loadable. The status values are real registers, or are the outputs of any
arbitrary logic function. In Fig. 3, a command Is Indicated at 67 in block
form. It comprises a command name, a select field, a re- served field, and
an Immediate data field. These fields are discussed In further detail
below. Further informa- tion on bus 10 is indicated at 68, inciuding the
bus unit address the communication Is intended for, and the tag 30  which
identifies the type of communication, such as a direct memory access,
standard read orwrite commands, or control panel commands. I/O adapter 28
compares the bus unit address at 70 and ignores the communication at 72 if
the address does not match Its own address. If there is a positive
comparison, the communication 67 and 88 is received, and the tag is
Inspected at 74. The tag identifies the type of communication for normal
processing by the I/O 35 adapter 28 and bus unit 14 at 78, or Indicates
that it Is a control command which is routed to the control facility 48 at
block 78. In block 79, the next command Is waited for. In one embodiment,
processing of one command by the bus unit is completed prior to another
command being sent. In another embodiment, commands are queued and block 79
actively waits for the next command for queuing, immediately after the bus
unit address Is compared at biock 70 for a prior communication. 40      The
operation of the control facility 48 is shown In further detail in block
flow form in Fig. 4. The command is received from block 78 at 80. Upon
receipt of the command, the I/0 adapter is prevented from processing
further Information received from the bus 10 In one of many ways as
indicated at blocks 82, 84, 88 and 88. The exact way chosen is dependent on
the characteristics of the bus 10 and I/O adapterof the system in which the
Invention Is implemented. 45      At 90, the operation Identified In the
command is classified Into which processor or facility In the bus unit that
it pertains to, and which set of registers and or storage It affects at 92,
94 and 98. Note that there are only three possibilities shown, but many
more than three are possible. The three shown are for one processor or
facility, having at least two different groups of registers, A and B as
indicated at 92 and 94, and at least one main storage unit as indicated at
98. At this point, the control facility manipulates data routing, control
and data 50  storage elements to accomplish the operation at 98,1 00 and
102. Use Is made of the existing paths in Fig. 2, such as path 64 from the
I/O adapter 26 to register select control panel 66 path 52 to address line
control 54 and path 58 to data routing control 60. As previously mentioned,
the paths from the control blocks 66, 54 and 60 are enhanced to provide
complete access as required to perform equivalent control panel function.
Since many of the paths already existed, little cost is associated with the
implementation of the complete control 55 panel function provided by the
invention. Finally, the operation Is ended at 104. The active operation at
82, 84, 86, or 88 which held the I/O adapter 28 at bay until completion of
the operation is no longer active. The I/O adapter 26 is thus ready to
process further Information In Fig. 3. 5    



EP 0 316 251 B1 A generic panel command set is now set forth. The command
set actually Implemented Is dependent on the type of bus unit for which a
control panel is desired. The direct access control facility Is preferably
imple- mented in hardware so that no software is required to be loaded and
operational in the bus unit for the facility to operate. 5      A Stop
command may stop the entire bus unit or part of the bus unit. A Start
command may start the entire bus unit or part of the bus unit. A Read
command will read any entity In the bus unit, be It a register or a main
storage location, both of which are specified by unique addresses. A Writ
command will write any storage location In the bus unit. 10      A Load
command will cause a command to be loaded in the direct control facility of
the specified bus unit. A Load Data command will load selected data In the
direct control facility of the specified bus unit. An Execute Previously
Loaded command will cause a previously loaded command to be executed.
Further specialized commands may be provided for to perform bus unit
specific functions. The bus units and bus may allowfor highly functional
commands such as read orwrite any storage location 15 or register, or it
may be limited to loading or retrieving a few registers 50 in the I/O
adapter 28 which are as- sociated with the direct access control facility
48. In the case of the latter, the command set allows for the load- ing and
retrieving of these registers 50 and for Instructing the direct access
control facility 48 to execute com- mands based on the values of these
registers. One example Is to read a storage location into a direct control
facility register 50, taking the address from another direct control
facility register 50. The direct control facility 20 requires both read and
write access to registers, storage, and control facilities 54, 60, and 66
in the bus unit. This access need not be via a single command. To minimize
hardware, it may take several commands to ex- amine or change entities
within the bus unit. In addition to control panel 22 In Fig. I providing a
user Interface for causing bus unit 12 to Issue control commands to bus
unit 14 or 16, other bus units may Issue a control command to another bus
unit. In one em- 25 bodiment, bus unit 14 is a workstation controller. A
user at one of the attached workstations 14A or 14B could Invoke a program
running on bus unit 12 which Issues control commands to bus unit 16.
Further, the user could cause the commands to be Issued from bus unit 16
intended for bus unit 12, assuming bus unit 12 incorporates the direct
control facility 48. Examples of flows of operations for the direct access
control facility 48 are shown In Figs. 5,6 and 7. The 30 flows assume
fairly severe hardware restrictions. On a system with fewer restrictions,
many of the operations could be combined. For example, a read from a single
location could be one operation and response. In Fig. 5, flow for a Read
command Is shown. Reads may be done directly from storage or register, or
from direct access control facility registers 50. The format of commands In
general, and examples of the commands are described further on In this
description. 35      The Read command Is Initiated In block 106 by the
control panel 22 and control bus unit processor20 from Fig. 1. Bus
Interface unit 18 obtains control of the bus 10, formats the command, and
transmits the command on bus 10 with an address corresponding to the
desired bus unit. The Read command contains an address of one of the
registers 44 or storage location of main storage 42 in Fig. 2. If the Read
command is Intended for storage unit 14, the bus Interface adapter 28
recognizes Its address In the command, and takes the command 40 from the
bus 10. The direct access control facility 48 recognizes the command as a
control panel command, and processes it. Direct access control facility 48
then uses control blocks 54,60, and 66 to read the register or main storage
location specified in the command, and puts the value in a buffer, or
control facility register 50, as indicated In the flow diagram at 107. In a
further embodiment, the Read command may be a different command from a Read
Register command to avoid assigning storage addresses to registers. The
control bus 45 unit 12 then sends a Read-Return command at 108, which the
direct access control facility 48 again recognizes as a control panel
command, processes the command, and returns the value which it has stored
in one of the control facility registers 50 as Indicated at block 109. The
value of the status register written by the host unit is then returned. It
Is apparent that the separation of the process of reading storage into
multiple commands is both depend- 50 ent on the characteristics of the I/O
bus 10 and the complexity of the control facility 48 logic. Reading could
be Implemented In a single command, with data sent directly back to the
processor issuing the Read command. A flow for a Write command is shown In
Fig. 6. The command specifies the action that a control facility is to
take. It may be a storage or register access, or a processor control action
such as STOP, RESET, or START. The first data word of write commands is an
address to be used by the command, If the command requires an 



55 address. Otherwise the first data word Is ignored. The second data word
of write commands is data to be used by the command, if the command
requires data. Given a wide bus, the data words could easily be sent
together rather than multiplexed. A write command Is sent from the control
bus unit as Indicated at block 110. The write command is sent 6    EP 0 316
251 B1 on the bus 10 with an address Indicating the desired bus unit. At
120, the bus unit the command Is Intended for stores the command and the
address In registers 50. The data to be written is then sent at 130 and at
140, it is stored in a register 50. At 150, an Execute command is sent to
the bus unit and intercepted by the direct access control facility at that
unit. At 160, the direct access control facility executes the command,
sending 5 the data in the register 50 to the register or storage location
stored in registers 50. Status of the write is stored In the status
register 63. The control bus unit then sends a Retrieve Status command at
170 which causes a read of the status register, and return of the status of
the write on the bus at 180. Again, given a different im- plementation of
bus 10 and control facility 48, a write operation could be accomplished
much more efficiently. In Fig. 7, a flow diagram is used to represent both
the Stop and the Run commands. At 210, the Run or io Stop command is
generated by the bus control unit and sent to a desired bus unit. At 220,
the appropriate I/O adapter accepts the command, and its direct access
control facility 48 recognizes it as a control panel com- mand, and
executes it, causing the bus unit to begin or stop operation. The control
panel does this by loading an addressable register in registers 44 that the
control panel function may load with "go" or "stop" values -- the register
controls the run/stop logic of the bus unit. In a further embodiment,
unique commands like "go" 15  and "stop Interact with control logic Instead
of registers to start and stop the bus unit. One feature of the present
invention is that control panel commands need not completely stop a bus
unit from processing other commands and data. The control commands are
treated like other commands, and exe- cuted. Unless one of the control
commands stops the Intended processor, other commands continue to exe-
cute. If the I/O unit queues bus commands, control commands may be given
any desired priority. Adirectmem- 20  ory access (DMA) operation may
occurdirectly following a control command. It Is likely more efficient to
obtain main store data with a DMA operation than by use of multiple control
commands. If DMA Is not available, then control commands could be used. The
command format, and several basic commands are now defined. Since the
direct access control fa- cility is a low level interface and varies
between processors, few of the commands are specified completely. 26 Others
are defined which are usable by bus unit designers if they fit with the bus
unit. The command word format Is preferably as follows: Bits
Description 30                           0 - 7         Command name 8 - 11
Processor Select 12 - 15    Reserved 35                           16 - 31
Immediate Data Bits 0 - 7 contain an identification of the command. Several
will be given with command definitions which follow. The processor select
field of bits 8 - 11 Is used to select which processor or other facility on
the bus unit 40  to direct the command to. The value '0000' is used by some
commands to mean all processors. Each bus unit assigns four-bit identifiers
to the processors or facilities on the bus unit that commands must be able
to treat separately as Indicated at 90 In Fig. 4. Bus units may also define
groups of processors and facilities which will all be selected for
particular values of this field. The Immediate data field comprising bits
16 through 31 is used by bus unit defined commands as an ex- 46 tension of
the command or as an Immediate data field or address. Commands are defined
in the following text Commands marked with an [err] are required in the
preferred embodiment. Others are optional, but desired. If special commands
or sequences of commands are required to access storage or registers In a
bus unit, the bus unit Implements its own command or commands to allow such
access. They do not use the commands defined below, unless some storage or
registers may be accessed 50 through the commands defined below. STOP BUS
UNIT PROCESSOR         HEX "01" 



The Stop Bus Unit Processor command is Identified as X'01', which is a
representation of hexadecimal "01", which takes eight binary bits to
represent. This command stops the processor(s) on the bus unit The direct
access control facility 48 uses the processor select field of the command
to select which processor or 55 facility to stop, if there is more than one
processor or facility; otherwise It ignores the processor select field. If
there are multiple processors on the target bus unitand processorselect
is'0000', STOP stops all processors and facilities. If the processor select
field Is a group of processors and facilities. STOP stops all of the proc-
essors and facilities In that group. 7    EP 0 316 251 B1 START BUS UNIT
PROCESSOR*        HEX "O2" The Start Bus Unit Processor command starts the
processor(s) on the bus unit. The direct access control facility 48 uses
the processor select field of the command to select which processor or
facility to start, if there Is more than one processor orfacility;
otherwise it Ignores the processor select field. If there are multiple
proc- 5   essors on the target bus unit and processor select Is '0000,
START starts all processors and facilities. If the processor select field
is a group of processors and facilities, START starts all the processors
and facilities in that group. RESET BUS UNIT PROCESSOR*        HEX "03 The
Reset Bus Unit Processor command resets the processor(s) on the bus unit.
The direct access control 10  facility 48 uses the processor select field
of the command to select which processor or facility to reset, If there is
more than one processor orfacility; otherwise It Ignores the processor
select field. If there are multiple proc- essors on the target bus unit and
processor select is '0000', RESET rests all processors and facilities. If
the processor select field is a group of processors and facilities, RESET
resets all of the processors and facilities In that group. 15  SINGLE STEP
BUS UNIT PROCESSOR         HEX 04 This command single-steps a processoror
bus unit. The directaccess control faclity48 usesthe processor select field
of the command to select which processor or facility to single step. The
processor Is first stopped. The processor then executes one instruction and
stops again. Registers can then be Inspected by other com- mands, or the
next instruction can be stepped through. This command is often used during
debug. 20  WRITE STORAGE        HEX "05" The write storage command writes
the second data word of the command Into the storage location on the bus
unit addressed by the first data word of the command. The directaccess
control facility48 uses the ProcessorSelectfield ofthe command to
selectwhich storage on the bus unit to write to if there is more than one
processor orfacility. Otherwise, It ignores processor select. 25  Write
storage works with one storage unit at a time. WRITE REGISTER       HEX
"06" The Write Register command writes a second data word of the command
Into the register on the bus unit addressed by the first data word of the
command. It uses the Processor Select field of the command to select which
set of registers on the bus unit to write to if there is more than one
processor or facility. Otherwise it 30  ignores the processor select field.
Write Register works with one set of registers at a time. RESERVED COMMANDS
HEX "07" through "3F These commands are reserved for further expansion. BUS
UNIT DEPENDENT COMMANDS         HEX "40" through "FF" Command codes X'40'
through X'FF' are for each bus unit to define as necessary. Bus unit
commands 35  may use the Register Address, Processor Select, and Immediate
Data fields In the command and both data words in the unit operation as
desired. These commands will likely take extra hardware to execute. They
may be selected to perform functions which would normally take several
othercommands to execute. By using more complex commands, bus bandwidth Is
conserved because fewer commands need to be transferred. Given the format
of the commands, and knowing the correct registers to control via the
commands, one can easily gen- 40  erate commands to perform a large variety
of functions and control. Using the particular bus access protocols, the
commands are sent to desired bus units. A bus unit may be controlled by the
commands, and further de- vices attached to the bus unit may also be
controlled. The devices, such as workstations 14A, 14B, and disk drive
devices 16A and 16C usually communicate with their respective bus units by
means of a register. Since 



the direct access control facility preferably provides access to all of the
registers in the bus unit, some control 45  of the devices themselves may
be available without any operational software in the bus unit. While the
Invention has been described In terms of one or more preferred embodiments,
it will be recog- nized by those skilled In the art that many variations
are possible. The particular bus used greatly influences the resulting
command structure which can be used. The greater the capability of the bus,
the more complex a command may be. Further, since any device may act as a
control panel, or receive control panel commands, 50  a single bus unit
need not be dedicated solely to control panel function. A complete control
panel function is obtained with a minimum of additional hardware. Claims 55
1. A bus Interface adapter arrangement (28) for providing control panel
functions to a bus unit (14) associated to said bus Interface adapter
arrangement (26), which bus unit is coupled to at least one other such bus
unit (16) by an I/0 bus (10) which transfers Information Inciuding commands
and data between bus units, 8    EP 0 316 251 B1 START BUS UNIT PROCESSOR'
HEX "02" The Start Bus Unit Processor command starts the processor(s) on
the bus unit. The direct access control facility 48 uses the
processorselect field of the command to select which processor orfacility
to start, If there is more than one processor orfacility; otherwise It
ignores the processor select field. If there are multiple proc- 5 essors on
the target bus unit and processor select Is '0000', START starts all
processors and facilities. If the _        processor select field is a
group of processors and facilities, START starts all the processors and
facilities in that group. RESET BUS UNIT PROCESSOR*        HEX "03" The
Reset Bus Unit Processor command resets the processor(s) on the bus unit.
The direct access control 10 facility 48 uses the processor select field of
the command to select which processor or facility to reset, If there is
more than one processororfacility, otherwise it ignores the processor
select field. If there are multiple proc- essors on the target bus unit and
processor select is '0000', RESET rests all processors and facilities. If
the processor select field is a group of processors and facilities, RESET
resets all of the processors and facilities in that group. 15  SINGLE STEP
BUS UNIT PROCESSOR         HEX "04" This command single-steps a processor
or bus unit. The direct access control facility 48 uses the processor
select field of the command to select which processor or facility to single
step. The processor is first stopped. The processor then executes one
instruction and stops again. Registers can then be inspected by other com-
mands, or the next instruction can be stepped through. This command Is
often used during debug. 20  WRITE STORAGE        HEX "05" The write
storage command writes the second data word of the command into the storage
location on the bus unit addressed by the first data word of the command.
The direct access control facillty48 uses the ProcessorSelectfield ofthe
command toselectwhich storage on the bus unit to write to if there is more
than one processor or facility. Otherwise, it ignores processorselect. 25
Write storage works with one storage unit at a time. WRITE REGISTER
HEX "6" The Write Register command writes a second data word of the command
into the register on the bus unit addressed by the first data word of the
command. It uses the Processor Select field of the command to select which
set of registers on the bus unit to write to if there is more than one
processor or facility. Otherwise it so ignores the processor select field.
Write Register works with one set of registers at a time. RESERVED COMMANDS
HEX "O7" through "3F" These commands are reserved for further expansion.
BUS UNIT DEPENDENT COMMANDS          HEX "4O" through "FF" Command codes
X40' through XFF' are for each bus unit to define as necessary. Bus unit
commands 35 may use the Register Address, Processor Select, and Immediate
Data fields in the command and both data words in the unit operation as
desired. These commands will likely take extra hardware to execute. They
may be selected to perform functions which would normally take several
other commands to execute. By using more 



complex commands, bus bandwidth is conserved because fewer commands need to
be transferred. Given the format of the commands, and knowing the correct
registers to control via the commands, one can easily gen- 40  erate
commands to perform a large variety of functions and control. Using the
particular bus access protocols, the commands are sent to desired bus
units. A bus unit may be controlled by the commands, and further de- vices
attached to the bus unit may also be controlled. The devices, such as
workstations 14A, 14B, and disk drive devices I 6A and 16C usually
communicate with their respective bus units by means of a register. Since
the direct access control facility preferably provides access to all of the
registers In the bus unit, some control 45 of the devices themselves may be
available without any operational software in the bus unit. While the
invention has been described In terms of one or more preferred embodiments,
it will be recog- nized by those skilled in the art that many variations
are possible. The particular bus used greatly influences the resulting
command structure which can be used. The greater the capability of the bus,
the more complex a command may be. Further, since any device may act as a
control panel, or receive control panel commands, 50 a single bus unit need
not be dedicated solely to control panel function. A complete control panel
function Is obtained with a minimum of additional hardware. Claims 55 1. A
bus interface adapter arrangement (26) for providing control pane functions
to a bus unit (14) associated to said bus interface adapter arrangement
(26), which bus unit is coupled to at least one other such bus unit (16) by
an I/O bus (10) which transfers Information Including commands and data
between bus units, 8    EP 0 316 251 B1 each bus unit having a processor
(40), main storage unit (42), and registers (44) accessible through its bus
interface adapter to the I/O bus (10), characterized In that it comprises:
i) a direct access control facility (48) including - monitoring means
coupled to the I/0 bus for monitoring communications on the I/O bus
intended 5             for the processor of the controlled bus unit (14); -
intercepting means coupled to the monitoring means for intercepting
communications consisting of control commands intended for the processor of
the controlled bus unit (14); - control command execution means for
executing the commands intercepted by the intercepting means; and fo
ii) register selection means (84) coupled to the control command execution
means and the processor of the controlled bus unit (14) for reading and
writing registers (44) in said processor as directed by the control
commands to control said processor directly through the I/O bus. 2.  The
arrangement of claim I wherein the bus communications comprise date and
commands from other 15     processors attached to the I/O bus and control
commands. 3. The arrangement of claim 2 wherein one of the other processors
is a control processor for running pro- grams which generate the control
commands on the I/O bus. 4.  The arrangement of claim I and further
comprising means for accessing a processor main storage unit (42) In
accordance with the control commands. S. The arrangement of claim 4 wherein
a control command comprises an address of the main storage unit (42), and
the execution means uses said address to cause the accessing means to
access data In the main storage unit at said address. 25 6. The
arrangementof claim 5 wherein other processors are coupled to the I/O bus,
and the accessing means provides access to the main storage unit for the
other processors requesting access. 7. The arrangement of claim I wherein
the processor comprises a plurality of facilities, and wherein each 30
control command has a select field for Indicating the facility within the
processor that the command per- tains to. 8. The arrangement of claim 7
wherein the select field Indicates a group of facilities within the
processor that the command pertains to. 35 9. The arrangement of claim I
wherein the control command execution means comprises means for exe- 



cuting a stop command to stop a processor from executing. 10. The
arrangement of claim 1 wherein the control command execution means
comprises means for exe- 40      cuting a start command to start a
processor executing. 11. The arrangement of claim 1 wherein the control
command execution means comprises means for exe- cuting a read command for
reading storage locations in the processor. 12. The arrangement of claim I
wherein the control command execution means comprises means for exe- 46
outing a write command for writing to storage locations in the processor.
13 The arrangement of claim 1 wherein the control command execution means
comprises means for loading information into a selected register of the
processor. 50  14. The arrangement of claim 13 wherein the control command
execution means comprises means for caus- ing the processor to execute a
previously loaded command. 15. A method of providing control panel
functions to a bus unit (14) associated to a bus interface adapter (26) and
coupled to at least one othersuch bus unit (16) by an I/O bus (10) which
transfers information Including 55      commands and data between bus
units, each bus unit having a processor (40), main storage unit (42) and
registers (44)accessible through its bus interface adapter to the I/O bus,
characterized in that It com- prises the steps of: a) generating a control
command in a first one of the bus units associated to a first interface
adapter, 9    b) transferring the control command to a second one of the
bus units associated to a second interface adapter, c) receiving the
control command at the second Interface adapter of said second one of the
bus units; d) routing the control command to a direct access control
facility (48) Integrated into the second inter- 5         face adapter and
partially Into the second bus unit, e) said direct access control facility
(48) Identifying the Information received as a control command; and f)
executing the control command to provide control panel function through the
use of pre-existing and added paths to the main storage unit (42) and
registers (44) of the second bus unit. 10 16. The method of daim 15 wherein
each bus Interface adapter associated to a bus unit comprises a direct
access control facility partially integrated therein such that at least one
of the bus units acts as a control panel to the other bus units. 15  17.
The method of claim 15 wherein more than one bus unit has the capability of
generating and transferring control commands to other bus units.
Patentanspriche 20 1. Busschnittstellanadapter-Anordnung (26), urn elne
Buseinheit (14), die der Busachnittatellenadapter-An- ordnung (26)
zugeordnet ist, mitSbtuerkonsolenfunktionen auszustatten,wobmi die
Buseinheitrmitzumin- dest elner anderen soichen BuseinheNt (16) Ober elnen
EIA-Bus (10) verbunden ist, der Informatlonen min- schilefBilch Befehlen
und Daten zwlschen Buseinheiten Obertrigt, wobeiJede Buselnhelt einen
Prozessor 25      (40), elne Hauptspoichereinhelt (42) und Register(44)
hat, auf die derE/A-Bus (10) iberr hren Busschnitt- stellenadapterzugreifen
kann, und die Busschnittstellenadapter-Anordnung dadurch gekennzeichnet
lst, dai ale folgendes urnfait I) eine Dlrektzugriffsstbuereinrichtung (48)
mIt - Oberwachungsmittin, die mi dem EiXA-Bus verbunden sind, urn
Nachrichten auf dem EIA-Bus 30             zu Oberwachen, die fOr den
Prozessor der gesbtuerten Buseinheit (14) bestimmt sind; - Abfsngmitteln,
die mit den Oberwachungmnittein verbunden sind, um Nachrichten abzufangen,
die aus Steuerbefehlen bestehen, diefarden Prozessordergesatuerten
Buselnhelt(14) bestimmt sind; - Steuerbefehlausffihrungsmlttein, urn die
von den Abfangmittein abgefangenen Befehle auszuffih- S5            ren;
und I) Registerauswahimittel (64), dIe mit den
Steuerbefshlausffhrungsmitteln und dem Prozessor der ge- steuerten
Buseinhelt (14) verbunden sind, um Register (44) In dem Prozessor wle von
den Steuerbe- 



fehlen angewlesen zu lesen und zu beschrelben, urn den Prozessor direkt
fiber den E/A-Bus zu steu- ern. 4   2. Anordnung gemnA Anspruch 1, wobel
die Nachrichten auf dem Bus Daten und Befehle von anderen an den E/A-Bus
angeschlossenen Prozessoren und Stbuerbefehle umfassen. 3. Anordnung gernil
Anspruch 2, wobie elner der anderen Prozessoren eln Steuerprozessor Ist, um
Pro- gramme auszufflhren, welche die Steuerbefehle auf dem E/A-Bus
erzeugen. 4. Anordnung gemAS Anspruch 1, die des weiteren Mittel umfaet,
urn entsprechend den Stmuerbefehlen auf die Hauptspelchereinheit (42) sines
Prozessors zuzugrelfen. 5. Anordnung gema1 Anspruch 4, wobil sin
Stbuerbefehl mine Adresse der Hauptapeichereinheit (42) um- 50      faWt
und das Ausfflhrungsmitel die Adresse verwendet, um das Zugriffmrittel zu
veranlassen, auf Daeln In der Hauptapelchereinheit an der Adresse
zuzugreifen. 6. Anordnung gemfig Anspruch 5, wobel andere Prozessoren mit
dem ElA-Bus verbunden sind und das Zu- griffamittel den anderen
Prozessoren, die den Zugriff anfordern, den Zugriff auf die
HauptspeichereinheKt 5       m erm8glicht. 7. Anordnung gemall Anspruch 1,
wobel der Prozessor mine Vileizahl von Einrichtungen umfalt und wobel jeder
Stbuerbefehl eln Auswahlfeld hat, urn die Einrichtung In dem Prozessor
anzugeben, dim der Steu- 10    I11111 11 1011 11.11I erbefsehl betrifft. 8.
Anordnung gemaS Anspruch 7, wobei das Auswahifeld sine Gruppo von
Einrichtungen in dem Prozessor angibt, die der Stiuerbefehl betrifft. c 0.
Anordnung gemaB Anspruch 1, wobel das Steuerbefohlausfahrungsmittel Mittel
zur Ausfflhrung sines K            Stoppbefehis umfait, um oinen Prozessor
an der Ausflhrung zu hindern. 10. Anordnung geman  Anspruch 1, wobel das
Stiuerbefehlausfahrungsmlttel Mittil zur Auafflhrung oines Startbefshis
umfat, um einen Prozessor zu starten, so dail er mit der Ausffhrung
beginnt. 11. AnordnunggemaISAnspruch 1, wobel das
Sbtuerbiefhlausfthrungamittsl Mittel zurAusfalhrung sines Li- sobefshis
umfait, um Speicherpiatze In dem Prozessor zu losen. 12. Anordnung gemaI
Anspruch 1, wobol das Steuarbiefhlaustflhrungsmittil Mittel zurAuafl'hrung
sines 15      Schrelbbefshls umfaSt, um Speicherplatze In dem Prozessor zu
beschreiben. 13. Anordnung gemA1 Anspruch 1, wobel das
Steuerbefehlausf0hrungsmittal Mittil zum Laden von Informa- tionen in sin
ausgewahltes Register des Prozessors umfailt 20  14. Anordnung gemAlt
Anspruch 13, wobel das Steuerbefshlausfflhrungsmittel Mittel umfaSt, um den
Pro- zessor zu veranlassen, einen zuvor geladenen Bdfehl auszufflhrin. 1.
Ein Verfahren, um sine Busoinheit (14) mit Stbuerkonsolinfunktbonen
auszustattbn, die einem Bus- schnittstellenadapter (28) zugeordnet Ist und
zumindest mit elner anderen solchen Buseinheit (16) Ober 26      olnen
E/A-Bus (10) vorbunden Ist der Informationen oinschilelich Befehlen und
Daten zwischen Bus- einheiltn Obertrlgt, wobel jade Buseinheit elnen
Prozessor (40), olne Hauptspolchereinheit (42) und Re- gister (44) hat, auf
die der ElA-Bus Ober Ihren Busschnittstillenadaptirzugreifen kann, und das
Verfahren dadurch gekennzeichnit !st, daB es die folgenden Schrittb umfait:
a) Erzeugen elnes Stauerbefehbl in elner oreten Buseinheit der ilnem ersten
Schnittstellenadaptsr zu- 30        geordnetsn Buseinheiten; b) Obertragen
des Steuerbifehis an esne zweltb Busolnhelt der sinem zweiltn
Schnittstellenadapter zugeordnetin Buseinheiten; c) Empfangen des
Steuerbefsehis an dem zwelten Schnittstllenadapter der zweiten Buseinheit
der Buseinheiten; S6        d) Weiterleistn des SteuerberehIs an sine
Direktzugrlffsstuuerenrichtung (48), die In den zwelbtn
Schnittstellinadapter und tollweise In die zwelt Buseinhelt Intbgriert lst;
e) die DirektzugriffastsuersInrichtung (48) die empfangenen Informationen
als einen Stsuerbefehl or- konnt; und f) Ausffihrin des Stuerbefhis zur
Bereitsaellung der Stuerkonsolenfunition durch die Benutzung be- 40
relts bestehender und hinzugefigtr Pfade zu der Hauptapelchereinheit (42)
und den Registern (44) 



der zweibtn Buseinhelt 1. Verfahren gemal Anspruch 15, wobei Jeder
Busschnittstelienadapter, der siner Bussinheit zugeordnet ist, iine
Direktzugriffsstuereinrichtung umfalt, dle tolwelse darin Intbgriert ist;
so dma1 zumindest eine 46      der Buseinheiten ala sine Stiuerkonsole fOr
die anderen Bussinheiten funglert. 17. Verfahren gemAlAnspruch 15, wobel
mehrals sine Buseinheit In der Lage bst Stiuerbiefhle zu erzeugen und lse
an andore Buselnheitn zu Obertragen. Revendilcations 1. Dlspositif
adaptateurd'intirface de bus (26) permettant de r6aliser des fonctlons de
panneau de controle pour une unIt6 de bus (14) assocl6e audit dispositif
adaptateur d'intbrface de bus (26), laquelle unite de bus est rolide a mu
molns une autro uniti de bus semblable (18) par un bus d'entree/sortie (10)
qui trans- fere des informatlons contonant des commandos et des donnees
entre des unit6s de bus, chaque unite de bus ayant un processeur (40), une
unit6 de stockage principale (42) et des registros (44) accessibles au bus
d'entree/sortle 10 A travers son adaptateurd'lintrface de bus, caract6ris6
en ce qu'il comprend: 11    EP 0 316 251 B13                 1!111111 111
II1    !  ! I) des moyons de contrlob d'acces direct (48) comprenant - des
moyens de survelllance reli6s au bus d'ontree/sortle pour surveiller les
communications sur I bus d'entree/sortie destinies au processeur de l'unite
de bus contro6le (14); - des moyens d'lntbrceptlon rell6s aux moyens de
surveillance pour intercepter les communica- 5             tions consistont
en des commandes de controle destinees au processeurde I'unit6 de bus
contr6- 16 (14); - des moyons d'execution de commandes de controle pour
ex6cutbr les commandes Intbrceptees par les moyens d'lntbrcoption ; ot IQ
des moyens de s6lection de registre (64) reoi6s aux moyens d'ex6cutlon de
commandos de controle 10        et au prooesseur de l'unit6 de bus
controlee (14) pour lire et ecrire dans des registres (44) dudit pro-
coesseur solon les indications des commandos de contr6le pour controler
ledit processour directement A travers le bus d'entreolsortle. 2.
Dispositif solon la revendicotlon 1 dons lequel les communications du bus
contionnent des donn6os at 15      des commandos provenant d'autres
processeurs attach6s au bus d'entr6elsortie et des commandos de controie.
3.  Dispositif selon la revendicatlon 2 dans loquel l'un des autres
processeurs est un processeur de contrOle destin6 A ex6cuter des programmes
engendrant des commandes de controle sur le bus d'entr6elsortie. 20  4.
Dlspositif solon la revendlcation I comprenant en outre des moyons pour
acce6dor une unite de stockage K>           principale d'un processeur (42)
en fonction des commandos de controle. 5. Dispositif selon la revendicathon
4 dans loquol une commando de contrOlo comprend une adresse de l'uni- t6 de
stockage principaol (42), et les moyons d'ex6cutbon utilisent ladito
adresse pour amener les moyens 25      d'acces A acc6der aux donn6es de
l'unite de stockiage principals A ladit adresse. 6. Dispositif selon la
revendicatlon 5 dans loquel les autres prooessours sontcoupl6s au bus
d'entr6e/sortle, et les moyens d'accbs fournissent un acces A l'unite de
stockage principal pour les autres processeurs demandant acces. 30 7.
Dispositif solon la revendication I dans loquel Is prooesseur comprend un
ensemble de moyens et dans loquel chaque commando de control. dispose d'un
champ de selectlon destIn6 A Indlquer le moyen pro- cesseur auquel
appartlent la commando. 35  S.  Dlspositif solon la revendlcation 7 dons
loqual le champ de s6lectlon indique un groupo de moyons pro- cesseur,
auquol la commando appartlent. 9.  Dispositif solon la revendication 1 dans
lequel les moyens d'ex6cution de commandos de controle comprennent des
moyens pour ex6cutbr une commando d'arret pour arrOter Is processour dons
son oxe- 40      cution. 10. Dispositif solon ia revendlcation 1 dons
loquol les moyens d'executlon de commandes de controlo comprennent des
moyens pour executor une commando de d6marrage pour d6marrer Is processeur.
11. Dispositif solon la revendication I dans loquel les moyons d'ex6cutlon
do commandes de contrOle 



4C      comprennent des moyens pour executbr une commands de lecture pour
lire le contbnu d'emplacoments de stockage dons Is processour. 12.
Dispositif solon la revendication I dons loquel les moyons d'executlon de
commandos de controle comprennent des moyens pour ex6cuter une commando
d'6crIture et pour ecrire dans des emplacements 50      de m6molre du
processeur. 13. Dispositif solon la revendlcatbon 1 dons loquel les moyens
d'exdcution de commandos de controle comprennent des moyens pour charger de
l'information dans des registres se6lectonnes du processeur. 55  14.
Dispositif solon la revendlcation 13 dans loquol les moyens d'executlon de
commandos de controle comprennent des moyons pour amener Is prooesseur A
ex6cutbr des commandos charg6es pr6chdem- ment. 12    EP 0 316 251 B1
1 l!l0llJ   ii 11   l 15 Mothodo de reallsation de fonctbons de pannoau de
controle pour une unite de bus (14) associoo A un adaptateur d'intbrfaco de
bus (26) et reoe6e A au molns une autre unite de bus semblable (16) par un
bus d'entroelsortle (10) qui transfere de l'information incluant des
commandos et des donneos entre des unl- tes de bus, chaque unite de bus
compronant un prooesseur (40), une unite de stockage principale (42) s
ot dos registres (44) accessibles au bus d'entr6e/sortie A travers son
adaptatbur Interface de bus, carac- terisee en co qu'elle comprend les
etapes suivantes: a) generation d'une commando de contrOls dans une
premiore unite dos unitbs de bus associees A un premier adaptatour
d'interface; b) transfert de la commando de contrOlo A une secondo unite de
bus associ6o A un second adaptatbur 10        d'intbrface; c) reception
d'une commando de controle par Is second adaptatbur d'intorfao de ladito
secondo unite de bus; d) orientation de la commando de controlo vers des
moyens de controlo d'acces direct (48) intogres dans Is second adaptateur
d'interface alnsl quo partiellomont dans la secondo unite de bus; 15
e) lesdits moyons de controlo d'accbs direct (48) identiflant l'information
recue comme commando de controle ; et f) executlon de la commando de
controle pour fournir une fonction de panneau de controlo par utillsa- tlon
de chemins pr6-existants et additionnela vers l'unit de stockage principale
(42) et les regiatres (44) de la seconds unite de bus. 20 16 Methode selon
la revendicatlon 15 danslaquelle chaque adaptateurd'interface de bus
assocle a uno unite de bus comprend des moyons de controle d'acces direct
partlellement Integres de sorts quo au mains l'une des unitis de bus agiaso
comme panneau de controle pour l'autre unite de bus. 25  17. Methode selon
la revendicatlon 15 dana laquelle plus d'une unitk de bus a lea
possibililts d'ongendror et de transferer des commandos de controle vers
los autres unites de bus. 30 35 40 46 50 56 13    


