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processing capabilities are maintained) PORATED, a Corporation of the State
of in the event of a failure. California, United States of America, of
Furthermore, the system should also oper- 20605 Valley Green Drive,
Cupertino, Cali-  ate in a way such that a failure of a single 5 fornia
95014, United States of America, do  component cannot contaminate the
opera- 55 hereby declare the invention, for which we  tion of the system.
The system should pro- pray that a patent may be granted to us, and  vide
fault-tolerant computing. For fault- the method by which it is to be
performed, to  tolerant computing all errors and failures in be
particularly described in and by the  the system should either be corrected
auto- 10 following statement:-                   matically, or if the
failure or error cannot be 60 This invention relates to an input/output
corrected' automatically, it should be de- system for a multiprocessor
system in which  tected, or if it cannot be detected, it should be
interconnected processor modules provide  contained and should not be
permitted to multiprocessing (parallel processing in sepa- contaminate the
rest of the system. 15 rate processor modules) and multipro-   Since a
single processor module can fail,it 65 gramming (interleaved processing in
one  is obvious that a system which will operate processor module).
without interruption in an on-line applica- This invention relates
particularly to an  tion must have more than one processor input/output
system for a processor for a  module. 20 multiprocessor system which can.
support   Systems which have more than one proces- 70 high transaction
rates to large on-line data  sor module can therefore meet one of the bases
and in which no single component necessary conditions for non-interruptible
failure can stop or contaminate the operation  operation. However, the use
of more than of the system.                         one processor module in
a system does not by 25   There are many applications which re-  itself
provide all the sufficient conditions for 75 quire on-line processing of
large volumes of maintaining the required processing capabil- data at high
transaction rates. For example, ities in the event of component failure, as
will such processing is required in retail applica- become more apparent
from the description tions for automated point of sale, inventory  to
follow. 30 and credit transactions and in financial   Computing systems for
on-line, high vol- 80 institutions for automated funds transfer and  ume,
transaction oriented, computing appli - credit transactions.
cations which must operate without interrup- In computing applications of
this kind it is  tion therefore require multiprocessors as a important, and
often critical, that the data  starting point. But the use of
multiprocessors 35  processing not be interrupted. A failure of an  does
not guarantee that all of the sufficient 85 on-line computer system can
shut down a  conditions will be met, and fulfilling the portion of the
related business and can cause  additional sufficient conditions for
on-line considerable loss of data' and money.  systems of this kind has
presented a number Thus, an on-line system of this kind must of problems in
the prior art. 40 provide not only sufficient computing power   The prior
art approach to uninterrupted 90 to permit multiple computations to be done
data processing has proceeded generally simultaneously, but it must also
provide a  along two lines-either adapting two or more mode of operation
which permits data proc-  large, monolithic, general purpose computers
essing to be continued without interruption  for joint operation or
interconnecting a 45  in the event some component of the system  plurality
of minicomputers to provide multi- '95 fails.
processing capabilities. The system should operate either in a fail-   In
the first case, adapting two large mono- safe mode (in which no. loss of
throughput  lithic general purpose computers for joint occurs as a result
of failure) or in a fail-soft operation, one conventional prior art ap- 50
mode (in which some slowdown occurs but proach has been to have the two
computers 100    1,58.8,806                                       2 share a
common memory. Now in this type  The, bus switches have been expensive and 



of multiprocessing system  a failure in the  also have presented the
possibility of single shared memory can stop the entire system.  component
failure which  could down a Shared memory also presents a number of
substantial part of the overall system. 5  other problems including
sequencing ac-    Providing software for the prior art multi- 70 cesses to
the common memory. This system,  processor systems has also been a major
while  meeting some of the necessary condi-  problem. tions for
uninterruptible processing. does not  Operating systems software for such
multi- meet all of the sufficient conditions.     processing systems has
tended to be nonexis- 10    Furthermore, multiprocessing systems us-  tent.
Where software had been developed for 75 ing large general purpose
computers are  such multiprocessor systems, it quite often quite expensive
because each computer is  was restricted to a small number of proces-
constructed as a monolithic unit in which all  sors and was not adapted for
the inclusion of components (including the packaging, the  additional
processors. In many casesitwas 15  cooling system, etc.) must be duplicated
each  necessary either to modify the operating 80 time another processor is
added to the system   system or to put some of the operating system eyen
though many of the duplicated compo-  functions into the user's own
program-an nents are not required.                    expensive,
time-consuming operation. The other prior art approach of using a    The
prior art lacked a satisfactory stan- 20  plurality of minicomputers has
(in common  dard operating system for linking processors. 85 with the
approach of using. large general  It also did not provide an operating
system purpose  computers) suffered from  the  for automatically
acommondating   di- drawback of having to adapt a corn munica-  tional
processors in a multiprocessing system tions link between computers that
were never  constructed to accommodate the modular 25  originally
constructed to provide such a link.  addition of processors as increaed
comput- 90 The required links were, as a result, usually  ering power was
required. made through the input/output channel. ' According to a second
aspect of the Connections through the input/output chan-  present invention
there is provided an input/ nel are necessarily slower than internal trans-
Output system for a multiprocessor system of 30  fers within the processor
itself, and such  the kind in which separate processor modules 95
interprocessor links have therefore provided  are interconnected for
parallel processing, relatively slow interprocessor. communica-  said
input/output system comprising: a plu- tion.
rality of separate processor modules,.each Furthermore, the interprocessor
connec-  processor module having a central processing 35  tions required
special adapter cards. that  unit and a memory, at least some, of the 100
added substantially to the cost of the overall  processor. modules having
an input/output system and tiat introduced the possibility of  channel; at
least one device controller for the component failures which could stop
controlling the transfer of data between a the system. Adding dual
interprocessor links  processor module and a peripheral device; 40 and
adapter cards to avoid problems of  multiple ports in each device
controller and 105 criical single components failu.s. increased  multiple
input/output buses for connecting the overall system cost even  more
substan-  each device controller for access by multiple tially.
different processor modules; and interface Providing dual links and adapter
cards  common logic means for insuring that only 45  between allprocessors
generally became'very  one port operatively connects the device 110
cumbersome and quite complex from the  controller to the multiprocessor
system at a standpoint of operation,               time. Another problem of
the prior art arose out   Preferably the ports of one device control- of
the way in which connections were made  ler are logically and physically
independent 50  to peripheral devices.                   of each other and
no component part of one 115 If. a number of peripheral devices are  port
is also acomponent partof another thus connected to a single input/output
bus of  insuring that no single component failure one processor in a
multiprocessor system and  anywhere in the device controller can simul-
that' processor fails, then the .'peripheral  taneously effect the
operation of more than 55 devices will be unavailable to the system   one
port,                                120 even though the failed processor
is linked    An interprocessor bus in   eci  the through an interprocessor
connection to  processor modules may be provided as a another processor or
processors in the sys-  failure detection means to determine that a tem.
particular port no longer operatively con- 60     To avoid this problem,
the prior art has nects the device controller to the multipro- 125 provide4
an input/output bus switch for  cessor system. Desirably logic means are
interconnecting input/output busses forcon-  proided for transmittin  a
take ownership tinued access to peripheral devices when a  signal to
another alternative one of the processor associatd with the peripheral de-
multiple ports to cause the alternative port to 65  vices on a particular
input/output bus fails.  operatively connect the device controller to 130.



3                                     1,588,806
.3 the multiprocessor system in response to the   The separate power
supplies may be so determination of the failure of said particular
distributed and operatively associated with port.
the processor modules and multiple port Each device controller may, for
example, device controllers that any individual proces- 5 include a control
part and each individual sor module or device controller can be 70 port may
be independently connected to one  powered off without affecting continued
processor module whilst another port in the  operation of the rest of the
multiprocessor *          same device controller is connected to a  system
and on line maintenance can be different processor module. Ownership latch
performed on any individual processor mo- 10 means may be provided to
establish a logical dule or device controller.       75 connection between
the control part of the    A plurality of separate power supplies may
device controller and one of the ports so that be associated with each
device controller. only one ports has controller of the device    Two power
supplies may be connected to controller at any one time.            each
device controller by diode switch means 15   Each device controller may
also include an  so that each power supply supplies power to 80 interface
part comprising the multiple ports, the device controller at all times and
if one the interface common logic means and the  power supply fails the
other supply supplies ownership latch means. The control part all the power
to the controller and there is preferably includes the control part of the
never a discontinuity of power provided to 20 device logic and a buffer.
the device controller.                 85 Preferably an input/output
control table is   Power on circuit means may be included provided in the
memory of each processor  to define the operation of the device control-
module and contains an entry which defines  ler as power is turned on or
off. a buffer area in the memory and a remaining    Each port may include
interface for driv- 25 byte count length to be transferred for each  ing
the input/output buses and the power on 90 peripheral device attached to
the input/out-  circuit means may coact with the interface put channel
means of that processor module. devices during a failure or turn off of an
The input/output channel means may, for associated power supply to
electrically pre- example, in response to a reconnect request vent the
interface devices from driving the 30 by a device controller when the count
word  input/output bus to thereby prevent one 95 in the input/output
control table is zero, go  device 'controller contaminating the input/
directly to an abort state to protect the  output bus during a failure or
turn off of a memory from being over written by a failing  power supply.
device.                                  Preferably a stress responsive
buffer is 35    Each entry may include an error field  located in each
device controller, each buffer 100 comprising a plurality of bits which can
be  may, for example, comprise buffer memory set to indicate anyone of a
plurality of means for receiving and storing data from numbered errors and
the input/output chan-  the input/output channel and from periph- nels
means may go alternatively directly to  eral devices attached to the device
controller, 40 the abort state in the event of any error.  buffer control
logic means comprising, for 105 Each entry may also include a field which
example, logic means for keeping track of the can be set to specify that
the buffer area in  degree of stree placed on the buffer and memory may be
read from but not written  effective to make reconnect requests and into.
'   disconnect requests to the input/output 45   Protection means may be
provided for channel as the stress passes through certain 110 preventing a
peripheral device from contain- values, and stress varying means for
varying inating its own buffer area.           the value of stress at which
the device The protection means may include a pro-  controller makes a
reconnect request to the tect bit for permitting a read only operation
input/output channel. 50 from the processor module memory and for    The
stress buffer may include hold off 115 preventing a write operation into
the proces- depth means effective to wait until the stress sor module
memory.                     on the buffer has reached a certain value Each
processor module may include an  after each input/output channel disconnec-
input/output control table means in its  tion before making a subsequent
reconnect 55 memory for all the devices connected to that request to
thereby allow  power priority 120 processor module to that a single failure
in  devices access to the input/output channel. any'device controller
cannot injure the mem-   The buffer may also include threshold ory of any
processor module connected to  depth means to allow the device controller
to that particular device controller.     wait a period of time after
making a recon- 60   A  plurality of separate power supply  nect request
before the device controller 125 means may be distributed and operatively
overuns to allow higher priority devices to associated with the processor
modules and  access the input/output channel. 



device controllers so that no single power   The buffer depth is desirably
the sum of supply means failure can stop the multipro-  the threshold depth
and the hold off depth. 65 cessor system.
Preferably the stress varying means are' 130    4
1,588,806
4. effectively to vary the hold off depth at which  FIGURE 6 is an I/O
channel protocol the device controller makes a reconnect  dia.gram shoing
the state changes of the T reqested the input/output channel means.  bus
for a reconnect and data transfer.se- Each port of a device controller may.
quence initiated by the l/0 channel micro- 5 include an enable latch to
dynamically pre- program in.response.to a-request signnal from  70 vent
that port from placing any signals on its  a device controller. respective
input/output bus: in response to a    FIGURE 7 is an I/O channel protocol
failure of any portion of the device control-  diagram .showing the state
changes of the T ler.                                bus for an interrogate
(110) instruction 10       In a preferred embodiment parity genera-  or .an
interrogate high priority I/O (H11O) 75 tion and check means for checking
parity  instruction initiated by the CPU micropro- starting before data is
gated into a register in  gram. The sequence.illustrated istransmitted the
port and for .continuing the parity check  over the T bus to a device
controller. for a period of time after the data has been    FIGURE  8 is a
table: identifying the 15  placed into the register so that the parity is
functions referred to. by the mnemonics in 80 checked during a window and
not just on an  Figures 5 to 7. edge to insure that the data lines are not
in    FIGURE 9 is a block diagram showing the the process of.changing while
data is being  general structure of the ports and a device accepted into
the register.            controller as illustrated in Figure 1. 20
Priority means is also be included for    FIGURE 10 is ablock dia,gram of a
port 85 selecting in accordance with a predetermined  shown in.Figre 19.
The Figure 10 shows priority schemea articulardevicecontroller . primarily
the data paths within a port. from .a number.of device request signals that
FIGURE .11 is a block diagram  showing can happen asynchronously,said
priority  the data pathdetails of the  acecommon 25 means including a star
poll connection be- .logic ofthe device controller shown in Figure 90 tween
the input/output channel means.and  9. the device controllers using a multi
bit data   FIGURE 12 is a block diagram showing bus rank line means which
divide the, device  the component parts of a data buffer in the controllers
into .a .plurality of groups which  control part of a device controller as
illus- 30  groups are assigned relative prioity. among  trated in Figure 9.
95 themselves and  priority is also assigned    FIGURE  13 is a graph
illustrating the among the device controllers within each  operation of the
data buffer illustrated in group, a prioity resolve register:is provided
FigUres 12 ..and 9. to determine which device controller has the    FIGURE
14 is a timing diagram illustrat- 35 highest priority within each group and
selec-  ing the relationship of SERVICE OUT 100 .tion means is also
included to oonnect the  (SVO) from the channel to the loading of highest
priority device controller making a  data into a port data registerand
illustrates reonnect request to .the input/output chan-  how a parity
check. is started before. data is nel.
loaded into the register andis continueduntil 40     An embodiment of.the
present invention  after the data has been, fully loded into-the 105 will
now be described by way of example,  register. with reference o the
accompanying draw-    FIGURE 15 is a schematic iew  showing ings in which:
details ofa.power on circuit (PON) shown in FIGURE 1 isan isometric block
diagram   Figures 9.and 11. 45  view ofa multiprocessor system including an
FIGURE 16 is a logic diagram of the 110 input/output system in accordance
with one  buffer control logic of the data buffer of a embodiment of the
present invention. Figure  device' controller. Figure 16 shows how -the I
shows several dual-port device controllers  buffer control logic controls
the handshakes ith each device controller connected to the on the data bus
and controls the input and 50 input/output (I/O) buses of two processor
output pointers.                    115 modules.
FIGURE  17 is a listing of the logic FIGURE 2 is a block diagram of the
equations for the select register. shown in input/output (I/O) system of
the multipro-  Figure 10. These logic equations are imple- .cessor system
shown.in Figure 1.'           mented by the port control logic shown in 55
FIGuRE is a block diagram of an Figure 10.
120 input/output (I/O) channel of. a processor    FIGURE 18 is a timing
gram  showing         4 module. Figure 3 shows the majormpo-  the:
-operation  of a two line handshake nents of the I/O channel and .the data
.path  between the I/O channel and the ports. 



relating those component parts.            FIGURE .19 is a logic diagram
showing 60    FIGURE 4 is a detailed view  showing  the logic for the
general case of the hand- 125 individual lines in the I/O bus of Figure l.
shake shown in Figure 18. The logic shown FIGURE 5 is an I/O channel
protocol  in Figure 19 is part of the T bus machine of diagram showing the
state chaiges of-a T bus  theinput/output channel shownin Figure 3. for an.
execute input/output (EIO) caused by    FIGURE 20 is a block diagram of
apower 65 a microprogram in the CPU.                   distribution system.
Figure.20 shows how a'. 130    5        1,588,806
5 plurality of independent and separate power  Output System and Dual Port
Device Con- supplies 303 are distributed and associated  troller. with the
dual port device controllers for   The multiprocessor system  includes a
insuring that each device controller has both  power distribution system
301 which distrib- 5  a primary and an alternate power supply.   utes power
from separate power supplies to 70 Figure 1 is an isometric diagrammatic
the processor modules 33 and to the device view of a part of a
multiprocessor system  controllers 41 in a way that permits on-line
'incorporating one embodiment of the present maintenance and also provides
redundancy invention. In Figure 1 the multiprocessor of power on each
device controller. 10 system is indicated generally by the reference    As
illustrated in Fig. 20, the power distri- 75 numeral 31.
bution system includes separate and inde- The multiprocessor system  31
includes  pendent power supplies 303. individual processor modules 33. Each
proc-    A separate power supply 303 is provided essor module 33 comprises
a central process-  for each processor module 33, and a bus 305 15 ing unit
105, a memory 107, an input/output  supplies the power from the power
supply 80 channel 109 and an interprocessor control 55. 303 to the central
processing unit 105 and The individual processor modules are in-  memory
105 of a related processor module terconnected by interprocessor buses 35
for  33. interprocessor communications.            As also illustrated in
Fig. 20, each device 20   In a specific embodiment of the multipro-
controller 41 is connected for supply of 85 cessor system 31, up to sixteen
processor power from two separate power supplies 303 modules 33 are
interconnected by two inter-  through an automatic diode switch 311. If
processor buses 35 (indicated as the X bus  one power supply 303 for a
particular device and the Y bus in Figure 1).             controller 41
fails, that device controller is 25    Each interprocessor bus has a bus
control-  supplied with power from the other power 90 ler 37 associated
with that bus.        supply 303; and the changeover is accom- The bus
controllers 37, interprocessor  plished smoothly and without any interrup-
buses 35 and interprocessor controls 55 (Fig. tion or pulsation in the
power supplied to the 1), together with associated microprocessors  device
controller. 30  113, microprograms 115 and bus receive    The power
distribution system coacts with 95 tables 150 (Fig. 2) provide an
interprocessor  the dual port system of the device controller bus system.
to provide nonstop operation and access to The multiprocessor system' 31
has an  the peripheral devices in the event of a input/output (I/O) system
for transferring  failure of either a single port 43 or a single '35  data
between the processor modules 33 and  power supply 303.
100 peripheral 'devices, such as the discs 45,   The' multiprocessor system
includes a terminals 47, magnetic tape drives 49, card  power on (PON)
circuit 182 (the details of readers 51, and line printers 53 shown in Fig.
which are shown in Fig. 15) in several 1.
components of the system to establish that 40   The I/O system includes one
I/O bus 39  the power to that particular component is 105 associated with
each I/O channel 109 of a  within certain acceptable limits. processor
module and one or more multi-   For example, the PON  circuit 182 is port
device controllers 41 may be connected  located in each CPU 105, in each
device to each I/O bus 39.                     controller 41, and in each
bus controller 37. 45   In the specific embodiment illustrated,   The
purpose. of the PON circuit is to 110 each device controller 41 has two
ports 43 for  present a signal establishing the level of connection to two
different processor mo-  power applied to that particular component; dules
33 so that each device controller is  and if the power is not within
certain connected for access by two processor mo-  predetermined acceptable
limits, then the 50 dules.                                   signal output
is used to directly disable the 115 The I/O system includes a
microprocessor  appropriate bus signal of the component in 119 and a
microprogram  121 in the I/O   which the PON is located. channel 109 (See
Fig. 2.) which are dedicated    The power-on circuit functions in four to
input/output transfers.              states - power off; power going from
off to 



55   As. also diagrammatically illustrated in  on power on; and power going
from on to 120 Fig. 2. the microprocessor 113 and micropro-  off. gram 115
of the central processing unit 105    The power-on circuit initializes all
of the and an input/output control table 140 in the  logic states of the
system as the power is main memory 107 of each processor module  brought up
and in the present invention, the 60  33 are operatively associated with
the 1/0  power-on circuit provides an additional and 125 channel 109.
very important function of providing for a The construction and operation
of these  fail-safe system with on line maintenance. To and other
components of the I/O system are  do this, the power-on circuit in the
present illustrated in Figs. 2-19 and are described in  invention is used
in a unique way to control 65  detail below under the subtitle The Input/
the interface circuits which drive all of the 130    1,588,806
6 intercommunication buses in the system.  control within a system. The
multiprocessor system incorporating   Each process consists of a private
data an embodiment of the present invention  space and register values and
a possibly Includes a menory system in which the  shared code set A process
may also access a 5 phyical memory is divided into four logial  common data
space.                      70 address areas -user data, system data, user
A number of processes coexist in a proces- code and system code.
sor module 33. The memory system includes a map and    The processes may be
user written pro- control- logic for translating all logical ad-  grams. or
the processes may have dedicated 10  dresses to physical addresses and for
indicat-  functions such as, for example, control of an  75 ing pages
absent from  primary storage bit  l/O device or the creation and- deletion
of       - present in secondary storage as required to  other processes.
iinplementa -virtual memory system in which       A. ,process may. request
services from the physical page. addresses are invisible to  another
process, and is other process  may IS  users.
be located in the same processor module 33  80 The memory system
incorporates a dual  as a process making the request or th other port
access to the memory by the central process may be located in some other
proces- processing unit 105 and the l/O channel 109.  sor module. 33. the
l/O channel 109 can therefore access the    The processes work in an
asynchronous 20  memory 107 directly (without having to go  manner. and the
processes therefore need a  85 through the central processing unit 105 for
method of communication that will aliow a data transfers to and from a
device controller  request for services ..to bequeued  without 41.
"races" (a condition in which the outcome An error detection system is
incorporated  depends -upon the sequence of which process 25  in the memory
system  for correcting all  started first)-thus the need for "messages" 90
single bit and detecting.all double bit errors  (an orderly system of
interpocessor module when setniconductor memory is used in the
communication described in more detail memory system. This error detection
system   below). utilizes a 16 bit data field and a 6 bit check    Also,
all interprocessor module communi- 30 field and includes a data bit
complementer  cation should appear te same to the proc- 95 for correcting
single bit errors.          esses, regardless. of whether the processes are
Before going into the detailed description  in the same or in diferent
processor mo of the input/output systems, it should be  dules. . noted that
certain terminology will have the    As will become more clear from  the
.35  following  meanings as used in this applica-  description to follow
the software structure 100 tion.
parallels the hardware; and different proc- The term  "software" will refer
to an  esses can. be considered equivalent to certain ope.ra:tifg system
-ora user program. insttuc-  components :of the hardware in arrangement
tions; the term  "firmware" will refer to a  and function. . 40
microprogram in read only memory; and the    For example, just as the I/O
channel 109 105 term  "hardware" will refer to actual elec-  communicates
over the I/O bus 39 to the troic logic and data storage.            device
controller 41, a user process can make The operating system is a master
control  a reuest (using the message system) to the program executing in
each processor module  process associated with that device controller 45
which has primary control of the allocation  41; and then the device
process returns status 110 of all system resources accessible to that  back
similar to the way the device controller - processor module. The operating
system   41 returns information back to the I/O provides a scheduling
function and deter-  channel 109 over the I/O bus 39. mines what process
has use  ofthatprocessor    The other fundamental entity of the soft-
module. The operating system also allocates  ware system, the message,
consists of a115 



the use of primary memory (memory man-  request for service as well as any
required agement), and it operates the file system for - data. When the
request is completed, - any secondary memory management. The oper-
required  values will be returned to the ating system also manages the
message sys-  requesting process. 55  tem.This provides a facility for
information    When a message is- to be sent between 120 transfer over the
interprocessor bus.      processes in two different processor modules The
operating system arrangement paral-  33. the interprocesor buses 35 are
used. lels the modula arrangement of the multi-  However as noted above,
all commuication proessor  system  components  described  between processes
appears the same to the 60  above, in that there are no "global" compo-
processes, regardless of whether they    i 125 nents.
the same or in different processor modules A the lowest level of the
software system,  33. two fundamentalentities are implemented-     This
software organization provides  a processes and messages.
number of benefits. 65    A process is the fundamental entity of    This
method of structuring the software 130    7
1,588,806                                     7 also provides for
significantly more reliable  devices which transmit data at relatively slow
software. By being able to compartmentalize    rates and transmit the
collected data to the the software structure, smaller module sizes
processor modules in a burst multiplex mode can be obtained, and the
interfaces between    at or near memory speed of the processor 5  modules
are well defined.                      modules 33.
70 The system  is also more maintainable           As illustrated in Fig.
1, each processor because of the compartmentalization of         module 33
is attached to and handles a function.
plurality of individual device controllers 41; The well defined modules and
the well       and this fact makes it possible for each device 10 defined
interfaces in the software system also  controller 41 to be connected
(through dual 75 provide advantages in being able to make it    ports 43)
to more than one processor module easily expandible-as in the case of
adding     33 in a single multiprocessor system. additional processor
modules 33 or device         With reference now to Fig. 12 of the
controllers 41 to the multiprocessor system.  drawings, each processor
module 33 in- 15    Furthermore, there is a benefit to the user  cludes, in
addition to the interprocessor 80 of the multiprocessor system and software
control 55 noted above, a central processor system in that the user,
writing his program, unit(CPU) part 105, a memory part 107 and need not be
aware of either the actual an input/output (I/O) channel part 109. machine
configuration or the physical loca-    As illustrated in Fig. 12 and also
in Fig. 1, 20 tion of other processes.                 each device
controller 41 controls one or 85 Just as the hardware provides multiple
more devices through connecting lines 111 functionally equivalent modules
with redun-  connected in a star pattern, i.e. each device dant
interconnects, so does the software.    independently connected to the
device con- For example, messages going between  troller. 25  processes in
different processor modules 33    In Fig. 12 a disc drive 45 is connected
to 90 may use either interprocessor bus 35. Also, one device controller 41
and a tape drive 49 is device controllers 41 may be operated by  connected
to another device controller 41. processes in either of the processor
modules    With continued reference to Fig. 12, each 33 connected to the
device controller 41.  CPU part 105 includes a microprocessor 113. 30   The
multiprocessor hardware system and  A microprogram 115 is associated with
each 95 software system described above enable the  microprocessor 113. A
part of the micropro- user to develop a fault tolerant application  gram
115 is executed by the microprocessor system by virtue of its replicated
modules  113 in performing I/O instructions for the with redundant
interconnects.           I/O system. The I/O instructions are indi- 35
cated in Fig. 12 as EIO (execute I/O), IIO 100 THE INPUT/OUTPUT SYSTEM  AND
(interrogate I/O), HIIO (interrogate high DUAL PORT DEVICE CONTROLLER:
priority I/O); and these instructions are The multiprocessor system 31
shown in  illustrated and described in greater detail Fig. I includes an
input/output (I/O) system  below with reference to Figs. 5, 6 and 7. 40
embodying the present invention and dual   The microprocessor 113 has
access to the 105 port device controllers 41 as noted generally  I/O bus 39
by way of the I/O channel 109 by above.                                  a
collection of paths 117 as illustrated in Fig. The general purpose of the
I/O system is  2. to allow transfer of data between a processor    With
continued reference to Fig. 2, the 45  module 33 and peripheral devices.
I/O channel 109 includes a microprocessor 110 It is an important feature of
the present  119. and a microprogram 121 is associated 



invention that the data transfer can be  with the microprocessor 119.
accomplished over redundant paths to insure    The microprogram 121 has a
single func- fail soft operations so that a failure of a  tion in the
multiprocessor system, and that 50  processor module 33 or a failure of a
part of a  function is to perform the reconnect and data 115 device
controller 41 will not inhibit transfer  transfer sequence illustrated -in
Fig. 6 (and of data to and from a particular peripheral  described in more
detail below). device.                                   The 1/0  channel
109 of a processor Each device controller 41 has dual ports 43  module 33
also includes (as shown in Fig. 2) 55  and related structure which, in
association data path logic 123.               120 with two related I/O
buses' 39, permit the    As best illustrated in Fig. 3, the data path
redundant access to a peripheral device as  logic. 123 includes a channel
memory data will be described in more detail below.  register 125, an
input/output data register The I/O system embodying the present  127. a
channel memory address register 129, 60  invention also has some
particularly signifi-  a character count register 131, an active 125 cant
features in terms of performance. For  device register 133, a priority
resolving regis- example, one of the performance features is  ter 135 and
parity generation and check logic the speed (bandwidth) at which the input/
137. output bus structure operates. The device  . The path 117 shown in
Fig. 12 includes 65 controllers 41 collect data from peripheral  two buses
indicated as the M bus and the K 130    8
1,588,806                                       8 bus in Fig. 3.
requires some specific format on the data bus The M bus is an outbus from
the micro-   161 while a T bus command is vaiid.This processor 113 and
transmits data into the   specific data bus format is illustrated for the
input/output data register 127.             T bus functions Load Address
and Com- 5     The K bus is an inbus which transmits    mand (LAC) and Read
Device Status           70 data from the data path logic 123 into the
(RDST) shown in Fig. 8, for the preferred microprocessor 113.
embodiment. With reference to Fig. 12,a path 139        In the case of the
T bus function LAC,the connects the data path logic 123 and the    data or
field transmitted on lines 0 to 5 of the 10  memory subsystem 107.
data bus 161 specify the operation to be    75 This path 139 is illustrated
in Fig. 2 as  performed;the field transmitted on lines 8 to including both
a hardware path 139A and     12 of the data path specify the device
controller two logical paths 139B and 139C in the      ler 41 (or more
precisely the port 43 of that 15  dule 33.
device controller which is attached to the Logical paths 139B and 139C will
be        data bus 161) to which the command is      80 described in
greater detail below in connec- addressed and the filed transmitted on data
tion with the description of fig 6           bus lines 13 to 15 specify
which device The hardware path 139a includes three      attached to the
device controller is to be 20  branches as illustrated in fig 3
operated on by that device controller41 in A first branch 139A-1 transmit
from        response to this command.                  85 memory into the
memory channel data            In the case of the T bus function RDST
register 125.                                data bus bits 0,1,2 and 3
indicate ownership A second path 139A-2 transmit the          error
interrupt pending device busy,and                          Tet fuctons one
theihsaetrnmte 25  channel memory address register 129 to       parity
error respectively Bits 4 to 15 return memory.
device dependent status.                    90 And a third path 139A-3
transmits from        The functions on the T bus bus function RDST the
input/output data register 127 to memory.       in three sequences,shown in
Figs, 5,6 and 7 30    With reference to Fig.2 the input/output and
described in detail below. channel of a processor module 33 includes a
Each T bus function is asserted by the control logic section 141.
channel and a handshake sequence is per-    95 This control logic section
141 in turn   formed between the channel 109 and the 35  includesa T bus
machine 143 (see Fig. 3) and  device controller 41 using the handshake
request lines RECONNECT IN (RCI) 145               lines 155,157 and 159 to
acknowledge receipt LOW PRIORITY INTERRUPT RE-                 of the T bus
function.Control of the T bus QUEST (LIRQ) 147, HIGH PRIORITY
and handshake is the function of the T bus   100 INTERRUPT REQUEST (HIRQ)
149 and               machine 143 in Fig. 3. RANK 151 (see Fig 4 )
Fig. 18 is a timing diagram showing the I/O 40    The I/Q bus 39 shown in
Fig.4 and Fig. 12  channel 109 and the ports 43. also includes a group of
channel function         As illustrated in Fig. 28, line 155 transmit  105
lines 153,157 and 159. See also Fig. 3. The             the service out
signal (SVO) and line 157 TAG bus (T bus) 153 consists of four lines
transmits the service in signal (SVI) which serve as function lines, and
there are     The channel clock cycle is shown in 



45  three lines SERVICE OUT (SVO) 155,             vertical orientation
with the SVO and SVI SERVICE IN (SVI) 157,and STOP IN
signals.                                        110 (STI) 159 which serve
as handshake lines as            As illustrated in Fig. 18,the service in
indicated by the legends in Fig. 4.             (SVI) signal is not
synchronized with the As shown in Fig. 4 and Fig. 2,the I/O bus
channel clock and may be asserted at any 50  39 also includes a group of
data lines 161,  time by the device controller in response to a 163,165,167
and 169.                                  service out signal fron the I/O
channel 109.    115 The DATA BUS lines 161 and PARITY
Before asserting service out (SVO), the 163 are bi-directional and serve as
data lines  channel 109 asserts the T bus function and,if and as indicated
in Fig. 4, there are sixteen    required ,the data bus. 55  DATA BUS lines
161 and one PARITY line      The channel then asserts a service out 163 in
this group.                                 signal as indicated by the
vertical rise 279 in   120 The lines END OF TRANSFER (EOT)
Fig. 18; and ,SVO remains true until the 165, PAD OUT (PADO) 167 and PAD IN
(SVI) (281), acknowledging the channel PADI) 169 serve as data status
lines, and          command ;SVI remains true until the chan- 60  indicate
special conditions that may occur on    nel drops SVO.
125 the data lines 161 and 163 from time-to-time.      When the device
controller 41 asserts the Finally, the I/O bus 139 includes a reset
service in (SVI) signal, the channel 109 line(IORST) 171 as also shown in
Fig. 4 and  removes the service out (SVO) signal (as in Fig. 2.
shown by the vertical drop 283 in Fig. 18) in Each T bus command
illustrated in Fig. 8           a time period typically between one and two
130    9                                          1,588,806 clock cycles;
and in response, the device  the channel, the port deselects itself. STI
controller drops service in (SVI) as shown by  otherwise handshakes in the
same manner as the vertical drop 285 in Fig. 18.        SVI. When the
device controller . drops the    As a further condition on all handshakes,
5  service in (SVI) signal, the channel 109 is free  when the channel
prepares to assert SVO, it 70 to reassert a service out signal (SVO) for
the  initiates a timer (part of T bus machine 143 next transfer; however,
the channel will not in Fig. 3) which times out and posts an error reassert
SVO until SVI has been dropped.   if the next handshake cycle is not
initiated The arrows 281A, 283A and 285A in Fig. and completed within the
period of time set 10  18 indicate the responses to the actions 279, by the
timer. If the timer times out, an error 75 281, 283 respectively.
is posted at the appropriate point in the The handshake is completed at the
trailing  sequence, and either ABTI (EIO, 110 or edge of the vertical drop
285 as shown in Fig.  HIIO  sequence) or ABTD (reconnect se- 18.
quence) is sent to the device controller 41 (see 15    On, an output
transfer, the interface data  discussions of Figs. 5, 6 and 7).   80
register 213 of the controller accepts the data    Fig. 19 shows the logic
for the handshake at the leading edge of service out (vertical shown in
Fig. 18. The logic shown in Fig. 19 rise 279) and transfers the data to the
control is part of the T bus machine 143 shown in part of the device
controller 187 at the  Fig. 3. The logic shown in Fig. 19 is the logic 20
trailing edge of the service out (the vertical  which is effective for the
general handshake 85 drop 283).                               condition
noted above. On an input transfer the channel 109    The logic shown in
Fig. 19 includes a accepts data from the device controller at the  service
out flip-flop 287 and a service in trailing edge of service out (the
vertical drop synchronization flip-flop 289. As illustrated 283).
by the dividing lines and legends in Fig. 19, 90 Thus, -a two line
handshake is used to  the flip-flops 287 and 289 are physically interlock
transfer of information between the  located within the channel 109.
channel 109 and its device controller 41,    The device controller 41
includes combi- since they act asynchronously.           national logic 291
and a transmitter 293 30    This is the general handshake condition,  which
transmits a service in signal (SVI) 95 indicated as handshake 2L in Figs.
5, 6 and 7. back to the D input of the flip-flop 289. In addition, two
special handshake consid-    The. functioning of the logic shown in Fig.
erations occur, when appropriate.         19 is as follows. First, channel
commands used to select a    The channel 109 asserts service out by 35
device controller are not handshaken by SVI,  turning on the J input of the
flip-flop 287; 100 since no single device controller is selected  and when
the next clock cycle starts, the during this time.
service out signal is transmitted by a trans- These commands include (as
shown in Fig.  mitter 295 to the device controller. 8):
When the combinational logic 291 in the 40    SEL-Select;
device controller is ready it enables the 105 



LAC-Load Address & Command;            transmitter 293 to return the
service in signal HPOL-Hi Priority Interrupt Poll;       (SVI) to the
flip-flop 289. This completes the LPOL-Lo Priority Interrupt Poll; and
handshake. RPOL-Reconnect Interrupt Poll.           Turning now  to the
dual port device 45    Also, commands used to terminate, a se-  controller,
as illustrated in Fig. 9, each ofthe 110 quence are not handshaken by SVI
since  dual ports 43 in a device controller 41 is they cause a selected
device controller' to  connection 179 to deselect itself .
interface common logic 181 (shown in more These commands include (as also
shown in  detail in Fig. 11 ) and each of the ports 43 is 50  Fig. 18):
also associated through a logical connection 115 DSEL-De-Select;
183 io the interface common logic 181 as ABTI-Abort Instruction (1/0) and
determined by an ownership latch 185. ABTD-Abort Data.
As shown by the connecting line 180 in For all of the' commands noted above
Fig. 9, the interface common logic 181 is 55  which are not handshaken, the
channel  associated withthe control part 187 of the 120 asserts SVO (155)
for a given period of time  device controller 41. The control part 187 of
(e.g., two clock cycles) and then the channel the device controller
includes a buffer 189. removes SVO. This type of handshake is   The dual
ports 43 shown in block diagram referred to as Handshake lL in Figs. 5,6
and  form in Fig. 9 (and in more detail in Fig. 13) 60  7.
are important parts of the multiprocessor 125 Second, data transfer is
handshaken nor-  system of the present invention because the mally except
that when a device controller  dual ports provide the failsoft capability
for wishes to signal that it does not require  the I/O system. further
service, it returns stop-in (STI) in-    The ports 43 and related system
compo- 65  stead of SVI. When SVO is next dropped by  nents are structured
in such a way that the 130    1,588,806
10 two ports 43 of one device controller 41 are  address transmitted by the
channel 109 logically and physically independent of each  matches the
address determined by  the other. As a result,no component part of one
jumpers on a particular port 43, the term port 43 is also a component of
the other port ADDCOM(see Fig. 17) is generated and 5    43 of a particular
device controller 41;and no  the select bit 173 for that port is set
(assuming  70 single component failure (such as an inte       that the
other conditions set out in Fig. 17 grated circuit failure)in one port can
affect  allow the select bit to be set).The port 43 the operation of the
other port.               then responds to all T bus operations until Each
port 43 functions to interface (as      the sequence terminates by clearing
the select 10   indicated by the legend in Fig. 9 a processor  bit.
75 module 33 with a device controller, and           The abbreviations used
in Fig. 17 include ultimately with a particular device, throuh    the
following. the device controller 41. The port 43 is the      Add
Comp-Address Compare (Device entity that communicates with the processor
Address); 15    module and communicates with the control
PAROKFF-Parity OK Flip-Flop; part of the device controller 187 (conditional
SET-Select; on the state of the ownership latch 185).
OWN-Ownership; and That is the port itself makes the connec-
SELBIT-Select Bit. tion to a processor module(dependent upon         The
parity check register 177 is related to 20    instructions received from
the I/O channel     the parity generator and check logic 137 of  85 109 as
discussed in more detail below) by      Fig. 3 in that on output the parity
generator setting its select bit 113.                    logic 137
generates the parity to be checked Each of the individual ports 43 in a
by the parity checker 177 of the port43 and particular device controller 41
can be con-    this parity must check or the operation will 25    nected
independently to a processor module     be aborted by the I/O channel 109
of the    90 33 and at the same time as the other port in   processor
module 33. On input, the interface that device controller is connected to a
common logic 181 generates parity to be different module. However, the
ownership       checked by the channel parity check logic latch 185
establishes the logical connection   137 in a similar fashion. 30   between
the control part of the device           As shown in Fig. l4,the parity
check is   95 controllear and one of the dual ports 43 so that started
before data is loaded into the registor, only one port has control of the
device        and the parity check is continued after the controller at any
one point in time.           data has been fully loaded into the register.
The decode logic determines what func-       That is the parity on the D
bus is checked by 35    that is being transmitted on the T bus 153 at  the
port parity register whenever the channel 100 any particular time.
asserts SVO with an output T bus function, 



The control logic combines T bus func-       and the parity is monitored
for the duration tions to peform specfic port functions for     of SV0 to
insure that the data on the D bus is example;set select bit, clear select
bit, read. stable for the duration of SVO while the port 40   interrupt
status.                              transfers the data into the data
register 213. 105 The functioning of the control logic is         This
parity check occurs on esch transac- illustratd in the logic equations set
out in   tion in a T bus sequence; and if a parity error Fig. 17.
occurred during any transaction in the se- When a connection sequence (to
be de-        quence,the error is returned as a status bit in 45   scribed
later in reference to Figs. 5, 6 and 7) response to a T bus function during
a     110 is transmitted over the I/O bus 39,one of the   sequence. For
example,in an EIO sequence ports 43 (and only the one port 43 in a device
(Figs. 8 and 5)the P bit return for RDST controller 41 attached to that I/O
bus 39)      indicates that the port determined connects (in a logical
sense)to the bus 39 by   error duing th EIO sequence. 50   setting its
select bit 173.                        As illustrated in Fig. 8, the parity
error bit 115 This logial connecion is determined by        is a bit number
3 on the D bus in response to part of the data transmitted in that connec-
a RDST functipn on the T bus. tion sequence. When connected,that partiu-
If a parity error occurs at some time other lar port 43 subsequently
responds to channel    than during an EIO sequence, the parity 55
protocols in passing information between the    error is reported during
the read interrupt 120 channel and the control part of the device
status (RIST) T bus function similar to the controller. The device address
comparator       manner described above for the RDST T bus 193 is the
component part of the port 43 that   function. determines the port's unique
address               The partity error is cleared at the beginning 60
The device address comparator 193 deter-     of a EIO,IIO,HIIO or reconnect
sequence   125 mines the unique address for a particular       as shown in
Fig. 14. port 43 by comparing the device address field      If a parity
error is detected during any on the data bus 161 during a LAC T bus
sequence it is recorded by the parity check function, with device address
jumpers associ-   registor to be returned on the D bus in 65   ated with a
particular port 43. When the        response to a RDST or RIST T bus
function.    11                            1,588,806 11 With continued
reference to Fig. 10, the  impedence state until the PON circuit detects
function of the enable latch 175 in the port 43  that the power is at a
sufficient level that the is to allow the I/O system to recover from a
integrated circuits will operate correctly. The certain class of errors
that would otherwise  PON circuit output stage is designed to take 5
render inoperative both of the I/O buses 39  advantage of a property of the
specific 70 attached to a particular device controller 41.  transceiver
integrated circuit used. On this The enable latch 175 accomplishes this by
particular type IC if the driver enable line not allowing the port 43 to
place any signals  202 is held below two diode drops above on the I/O bus
39.                         ground potential, the transmitter output 10
The enable latch 175 is cleared by a  transistors are forced into the off
state 75 specific disable 'command. This, is a load  regardless of the
level of power applied to the address and command (LAC) T bus function
integrated circuit. This ensures that the with a specific operation code
transmitted on  driver cannot drive the bus. the D bus 161.
This particular combination of features 15    Once the enable latch 175 is
cleared, this  provides a mode of operation wherein the 80 enable latch
cannot be programmatically  output of the integrated circuit is controlled
reset.                                     as power comes up or goes down,
whereas The port 43 includes a status multiplexer  normally the output of
an integrated circuit 195. The status multiplexer 195 returns the  is
undefined when power drops below a 20  ownership error mentioned above if
the  certain level.                               85 device controller 41
is logically connected to    This same circuit is used on the X and Y the
other port 43 of that device controller, to  buses of the interprocessor
bus system to indicate that the device controller is owned  control the
transceivers and control signals by the other port and commands to this
port  generated by the interprocessor control 55. 25  will be ignored.
As indicated in Fig. 20, each central proces- 90 The port 43 includes an
interface trans-  sor unit (CPU) 105 has a PON circuit 182 ceiver 197 for
each input line (i.e., SVI, STI,  which is similar to the PON circuit 182
in the Data Bus, Parity, PADI, RCI, LIRQ, HIRQ)  device controller. The PON
circuits therefore of the I/O  bus 39 shown in Fig. 4. The  control the
transmitters for all of the device 30  transceivers 197 transmit data from
the port  controllers 41 and all of the interprocessor 95 43 to the I/O
channel 109 when the port  controls 55. 



select bit 173 is set and the T bus function on    Details of the power-on
(PON) circuit are the T  bus 153 requires that the device  shown in Fig. 15
where the circuit is indi- controller 41 return information to the chan-
cated generally by the reference numeral 35  nel. The transceivers 197 pass
information  182.                                    100 from the data bus
161 into the port 43 at all    The purpose of the PON circuit is to sense
times.                                     two different voltage levels of
the five volt The power on circuit 182 acts in associa-  supply. tion with
the transceivers .197 to control the    If power is failing, the circuit
senses the 40  behavior of the transceivers as the device  point at which
power drops below a certain 105 controller 41 is powered up or powered
level which renders the logic in the device down, in a way which prevents
erroneous  controller or CPU an indeterminate state or signals from being
placed on the I/O  bus  condition. At this point the circuit supplies while
power is going up or down. This  signals to protect the system against the
logic 45  feature is particularly significant from the  which subsequently
goes into an undefinable 110 standpoint of on line maintenance.
state. As shown in Fig. 10, each transceiver 197    The second voltage
level which the PON comprises a receiver 198 and a transmitter  circuit
will sense is a value that is perceived 200.
when power is coming up. This second level 50    The transmitter is enabled
by an enable  at which power is sensed will be greater than 115 line 202.
the first level by roughly 100 millivolts to There are several terms which
are on the  provide hysteresis for the system to eliminate enable line 202.
These include' the select  any conditions of oscillation. bit 173, a
required 'input function on the    The PON circuit stays in a stable
condition 55  T bus, and a signal from the PON circuit  after it senses one
of the voltage conditions 120 182.
until it senses the other voltage condition, at The signal from  the PON
circuit, in a  which point it changes state. The state at particular
embodiment of the present inven-  which the PON circuit is in at any
particular tion. is connected in a "wire or" connection  time determines
the voltage level at which 60  to the output of the gate which combines the
the transition to the other state will be made. 125 other terms so that the
output of the PON    The power on circuit 182 thus presents a circuit
overrides the other terms by pulling  signal establishing an indication
that the down the enable line 202. This insures that  power is within
predetermined, acceptable the transmitter 200 (in one specific embodi-
operating limits for the device controller 41. 65  ment, an 8T26A or 7438)
is placed in a high  If the power is not within those predeter- 130    12
1,588,806                                                      12 mined,
acceptable operatinglimitsthesignal  current source 182.to. the-
differential ampli- output of the power-on circuit limits 182 is  fier 186
.and to the main output cntrol used to directly disable the: appropriate
bus  tran sistor 214. At this time the voltage on the signals of the device
controller 4l.        line 190 is less than the voltage on the line 5
The output of the PON circuit 182 is a  188 so the differential amplifier
186 holds the 70 binary output. If:the:.output is a one, the  output of the
main output control transistor power is within satisfactory limits. If the
214 in the off state. This, in turn, will force output of the PON circuit
is a zero, this is an  the output stages 216 through 228 on. indication
that the power is below  the    This asserts the output ofthe PON circuit
10  acceptable limit.                            182.in the zero state, the
state indicating that 75 The power-on circuit 182 shown in Fig. 15  power.
is not within acceptable limits.. and to be described in detail below is
used   . As voltage;'rises,.the input voltage on line with the device
controller 41 and has seven 190 will increase until it equals thereference
output driver stages which are used in the  voltage on line 188. At this
point the differ- 15. application of the power-on circuit 182 to the.
ential amplifier 186 drives the main output 80 device controller 41.
However, the same  control. transistor 214, turning it on. This power-on
circuit 182 is also used with the  removes the base drive from the Output
CPU  105 and the bus controller 37, but in  stages 216 through 228,.
forcing these output those. applications the power on circuit. will  stages
off. The output of the PON circuit 182 20  have a lesser number of output
driver stages.  is then a one, indicating that the power is 8 As
illustrated in Fig. IS, the PON circuit  within acceptable limits. 182
comprises a current source 184 and a    At this point the hysteresis
control circuit differential amplifier 186.                 230 comes into
play. While power was The differential amplifier 186 has, as one  coming
on, thetransistor 236 of the hysteresis 25 input, a temperature compensated
reference  control circuit 230 was on. When the transis- 90 voltage input
on a line 188 and has a second .tor 236 is. on, the resistance value of the
input on a line 190whichis an indication of  resistor 202 appears to be
less than the 



the voltage that is to be sensed by the power-  resistace value of this
resistor 202 is when on circuit.                                 the
transistor 236 is off. 30    The reference voltage on line- 188 is    The
point at which the main output 95 established by a zener diode 192.
control transistor 214 turns on is the.point at, The differential amplifier
186 comprises a  which the hysteresis transistor 236 turns off. matched
pair of transistors 194 and 196.    Turning off the hysteresis transistor
236 The voltage applied on the line 190 is  causes a slight voltage jump in
the line 190 35  determined by resistors 198, 200 and 202.  which further
latches the differential ampli- 100 The resistors 198,200 and 202 are metal
film  fier 186 into the condition where the differen- resistors which
provide a. high degree of  tial amplifier 186 sustains the main output
temperature stability in the PON. circuit.    transistor 214 the on state.
The outputs on lines. 204 and 206 of the    The state ofthe PON circuit
will remain 40  differential amplifier 186 are: applied to a      stable in
this condition with the mainoutput 10 three transistor array (the
transistors 208,210 control transistor '214 on and the output and 212), and
this three transistor array in  drivers 216 through 228 off'until the:plus
five turn controlsthe main output control transis volts drops below a lower
threshold point, as tor 214.                                determined by
the voltage applied on the line 45      The main output control transistor
214  190...                                         1.10 drives all output
drivers that are attached.    As. the voltage on the line 190 decreases
For. example, in the application of the. PON  below the reference voltage
on the line 188, circuit 182 for the device controller 41 (as  (because the
five volts supply is going down illustrated in Fig., 15), the. main output
in a. power failure condition), then the 50 transistor 214, drives output
stages 216  differentialamplifier 186 turns off the. main 115 through 228
The output stage 216 is used to  output control transistor 214. This in
turn, clear the logic,the output stages 218,220 and  turns on the output
driver stages 216 through 222 are used in combination with the inter-  228.
face devices of one port 43 of the device. Since the hysteresis. transistor
236 wa off 55   controller 41,.and the output stages 224,226  as power
dropped,the voltage applied to the 120 and 228 are used in combination with
the  input of the PON circuit 182 must: drop interface. device of the.
other port.43- of the  somewhat farther than the point at which the device
controller 41.                       PON  circuit 182 sensed that power was
Finally, the PON circuit 182 includes a  within the acceptable limits
during the 60    hysteresis control 230.The hysteresis control  power-up
phase: of operation.             125 230 includes resistors 232, 234 and a
transis-    This differential or hysteresis is used to tor 236.
inhibit any noise on the five volt power In operation assuming that
operation is  supply from causing any oscillation in the started from a
power off state to a power on  circuit that would erroneously indicate that
65 condition, the power is applied through the  power is failing.   .
130    13                                     1,588,806
13 The PON circuit 182 shown in Fig. 15  device controller. If the comman4
field speci- provides very accurate sensing of the two  fies a kill
command, the port hardware issues voltages used by the PON circuit to
deter-  a signal to clear the port's enable latch. This mine its state
(whether a one or a zero output operation happens only if the device
address 5  of the PON circuit).                    field on the D bus
matches the port's device 70 In order to sense these two voltages very
address jumpers, and no parity error is accurately the PON circuit must
have the  detected during the command. That is, no capability of
compensating for initial toler-  commands (including the take ownership,
ances of the different components and also  kill, etc.) are executed if a
parity error is 10 the capability to compensate for changes in  detected on
the LAC.                75 temperature during operation. In the PON    As a
consequence, the I/O channel 109 circuit 182, the zener diode 192 is the
only  issuing the Take Ownership command gains critical part that must be
compensated for  control of the device controller 41, and the because of
its initial tolerance, and this  other port 43 is logically disconnected.
Take 15 compensation is provided by selecting the  Ownership may also cause
a hard clear of the 80 resistor 198.                           controller's
internal state. Temperature compensation is achieved    The state of the
ownership latch 185 because the zener diode 192 is an active zener
determines which port may pass information diode and is not a passive zener
diode.  through the multiplexer 211. One the owner- 20 Effective
temperature compensation is also  ship latch 185 is set in a given
direction, it 85 achieved because the two transistors in the  stays in that
state until a Take Ownership differential amplifier 186 are a matched pair
command is received by the other port. of transistors and the resistors
198, 200 and  Assertion of the I/O reset line (IORST) will 



202 are metal film resistors.           also cause ownership to be given to
the other 25    Each port 43 includes a number of lines  port after the
internal state of the device 90 which are indicated by the general
reference  controller has been cleared. numeral 179 in Fig. 10 and Fig. 9.
This group    Control signals are chosen by the state of of lines 179
includes the individual lines 201  the ownership register 185 and from the
(sixteen (16) of which make up the Input appropriate one of the ports 43
and are 30 Bus-I Bus), device address lines 203, Out-  transmitted by the
multiplexer 211 to the 95 put Bus lines 205 (of which there are sixteen),
control part 187 of a device controller on a a take ownership line 207 and
general lines  set of control lines 215. Data is selected from 209 which
transmit such signals as parity, the  an appropriate one of the ports 43 on
lines T bus, and other similar lines which are  205 and are loaded into the
data register 213 35  required because of the particular hardware  and
presented to the controller on an Output 100 implementation.
Bus (O bus) 217. These particular lines 201, 203, 205, 207    Some of the
control lines 215 (the lines and 209 correspond to the lines with the same
215A) are used to control the multiplexer 220 numbers in Fig. II, which is,
the block  in selecting information from the controller 40  diagram  of the
interface common logic. as transmitted on lines 219, to be returned by 105
However, there are two sets of each of these  the input bus (I bus) 201 to
the ports 43 (Fig. lines in Fig. II because the interface com-  20) and
then to the channel 109 of a mon logic. 181 is associated with each of the
processor module 33. A line 221 returns the dual ports 43 in a device
controller 41.  device address from the appropriate port 43 45    With
reference to Fig. II, the interface  to the I bus 201 and thence to the I/O
110 common logic 181 includes the'ownership  channel 109. latch 185 (see
also Fig. 9). This ownership    The data buffer 189 shown in Fig. 9 is
latch determines the logical connection be-  illustrated in more detail in
Fig. 12. tween the interface common logic 181 and a    In accordance with
the present invention 50 port 43 from which TAKE OWNERSHIP  many ofthe
device controllers 41 incorporate 115 signal has been received over the
line 207.   a multiword buffer for receiving information As noted above,
the TAKE OWNERSHIP  at a relatively slow rate from a peripheral signal is
derived by the port hardware from a  device and then transmitting that
informa- load address and command (LAC) T bus  tion at or near memory speed
to the proces- 55  command (see Fig. 8) with a particular  sor module to
maximize channel bandwidth 120 operation code in the command field on the
utilization. D bus. When the port receives the function     In the buffer
design itself it is important LAC on the T bus from the channel, the port
that the device controllers 41 be' able to logic examines the command field
(the top  cooperate with each other in gaining access 60  six bits) on the
D bus. Then, if the command  to the channel 109 to avoid error conditions.
125 field contains a code specifying a take  In order for the device
controllers 41 to ownership command, the port hardware  cooperate properly,
the multiword buffers issues a signal to set the ownership latch to  189
are constructed to follow certain guide- connect the port to the interface
common  lines. 65  logic and thence to the control part of the    These
guidelines include the following:   130    1,588,806
14 First of all,when a device controller makes,  threshold depth  as
indicated. by the intersec- a request for the channel 109 it
tion  of the line of slope -R[err] with the must  have enough buffer depth
left so that     threshold depth line T at point 223. all  higher priorty
device controller 41          At this point the reconnect requestftis
ard A: ts P.enintlte reconnect request is made. 5   one lower priority
device controller 41 may     to the channel 109 as indicated by the legend
70 be serviced and the reconnect latency of the    on the horizonta  axis
in Fig 13 reconnect request can occur without exhaust-      The  transfer
of data  continues from the ing the remaining depth of the buffer. This is
buffer at t rate indicated  by the line of called  Buffer Threshold,
abbreviated  T in     slope -[err]  and the request is  held of  by 10
Fig.13.                                         higher  priority device
controller  41 until  75 Secondly after the buffer has been ser-
point 225 at which point the request is viced, it must wait long enough to
permit all   honored  by the chaannel 109 and the I/O lower priority device
controllers  41  to be    channel begins its reconnect seqence for serviced
before making another reconnect       this device controller. 15  request.
This- is  called  Holoff. The buffer     At point 227 the first data word
has been  80 depth(D in Fig. 13)is the sum of the holdoff   transmitted by
the channel 109 to the device depth plus the threshold depth.
controller buffer 189,and the channel 109 The holeoff and threshold depths
are a      then transfers data words at a rate indicated function of a
number of variables. These       by the line of slope into the buffer 189. 



20  include the device rate,the channel rate; the     At the same time the
device controller 41 85 memory speed, the record reconnect time the num-
continues to transfer data words out of the ber of controllers of higiher
priority on that    buffer at the rate -[err] so that the overall rate I/O
bus,the number of controllers of lower     of input to the buffer 189 is
indicated by the priority on that I/O bus, and the maximum      line of
slope [err] until the buffer is again 25  burst length permissibe.
filled at the point 229.At 229 the buffer is A controller at high priority
on an I/O bus    full and the the device controller disconnects has more
controllers of lower priority associ-    from the channel 109,and the data
transfer ated with it on the same I/O bus than          continues at the
rate indicated by the slope another controller at lower priority on the
line-[err] 30  same I/O bus and therefore the higher             The
notation in Fig. 13 indicates the time  95 priority controller requires
more holdoff      required for the polling and selection of this dephth
than the lower priority controller.     device controller and the transfer
of the first Similarly,a controller at low priority on an   word. This will
be discussed again below in I/O bus requires more threshold depth than
relation to Fig.6. 35  a controller at higher priority.The buffer 189
The letter B in Fig.13 indicates the burst 100 in a controller is
constructed to take advan-  time.The burst time is a dyanamic parameter.
tage of the fact that as holdoff requirement   The length of any particular
burst is depen- increases the threshold  requirement de-       dent upon
the  device transfer rate, the creases and as the threshold requirement
channel transfer rate,the number of the devices 40  increases the holdoff
requirement decreases    with transfer in progress and the channel  105
This is accomplished by making the stress at   reconnect time. The maximum
time permit- which a reconnect request is made be vari-     ted for a burst
is chosen to minimize the able the actual setting depending on the
amount of buffer depth required while acco- characteristics of the
controllers at higher   modating high dervice rates and also 45  and lower
priority in a particular I/O channel the number of devices that can
transfer 110 nel configuration. The buffer depth is there-  concurrently.
fore the maximum of the worst case thresh-       Fig. 12 is a block diagram
of a particular old depth or worst-case holdoff depth re-      embodiment
of a buffer 189 constructed in quirement rather than the sum of the worst-
accordance with the present invention to 50  case threshold depth and
worst-case holdoff    accomplish the holdoff and threshold re- 1l5 depth.
This allows the buffer depth to be      quirements illustrated in Fig. 13.
minimized,and shortens the time required to      At the same time the
device controller 41 fill or empty the buffer.
continues to transfer data words out of the A number of these parameters
are graphi-    buffer at the rate -[err] so that the overall rate 55  cally
illustrated in Fig. 13.In Fig. 23 time has  of input to the buffer 189 is
indicated by the 12 been plotted on the horizontal axis versus     line of
slope [err] until the buffer is again words in the buffer on the vertical
axis for an   filled at the point 229.At 229 the buffer is output
operation.                              full, and the device controller
disconnects Starting at point D on the left hand part of   from the channel
109 and the data transfer 60  Fig. l3(an assuming a buffer filled to the
cotinues at the rate indicated by the slope 125 full buffer depth), data is
transferred to a   line-[err] device at a rate indicated by the line of
slope     The notation [err] in Fig. 23 indicates the time -[err] and this
data transfer continues with   required for the polling and selection of
this out any reconnect signal being generated       device controller and
the transfer of the first 65  until the buffer depth decreases to the
word. This will be discussed again below in   130    15
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this regard, the degree of the full or empty The letter B in Fig. 13
indicates the burst  condition of the buffer in combination with time. The
burst time is a dynamic parameter.  the direction of the transfer with
respect to The length of any particular burst is depen- the processor
module (whether input or 5  dent upon the device transfer rate, the
output) determines the degree of stress. Stress 70 channel transfer rate,
the number of devices  increases as the device accesses the buffer with
transfer in progress and the channel  and decreases as the channel accesses
the reconnect time. The maximum time permit-  buffer. ted for a burst is
chosen to minimize the    In the implemention shown in Figs. 11 and 10
amount of buffer depth required while acco-  16 the stress counter measures
increasing 75 modating high device transfer rates and also  stress from
0-15 on an input, and decreas- the number of devices that can transfer  ing
stress from 0-15 on an output. Another concurrently.
implementation (not shown in the drawings) Fig. 12 is a block diagram of a
particular  would add the direction of transfer in the 15  embodiment of a
buffer 189 constructed in  buffer control logic such that two new lines 80 



accordance with the present invention to  would'access the pointers 237 and
239 and accomplish the holdoff and threshold re-  the stress counter would
always measure quirements illustrated in Fig. 13.        increasing stress.
The buffer 189 shown in Fig. 12 comprises    With continued reference to
Fig. 12, a 20  an input buffer 231, a buffer memory 233, an  channel
request line 215 (see also Fig. 11) 85 output buffer 235, an input pointer
237, an  and a device request line 257 (coming from output pointer 239, a
multiplexer 241, buffer  the control part 187 of the device controller)
control logic 243 (described in more detail in  are asserted to indicate
access to the buffer Fig.'26), a multiplexer 245 connected to the  189. 25
buffer control logic 243 and a stress counter   The multiplexer 245 chooses
one of these 90 247.                                       lines as a
request to increase the buffer As also illustrated in Fig. 12, two groups
of  fullness and chooses the other line as a data input lines (lines 217
and 249) are fed  request to decrease the buffer fullness based into the
input buffer 231.                 on the 'direction of the transfer
(whether 30    One 'group of data input lines include  input or output)
with respect to the processor 95 sixteen device data input lines 249.
module. The other group of input' lines include    The line chosen to
increase buffer fullness sixteen Output Bus lines (O bus lines) 217.  is
also used to load data from the appropriate One or the other of these two
groups of  data lines 249 or 217 (see Fig. 11) into the 35  input signals
is then fed from the input buffer  input buffer 231 by means of the line
259.  100 231 to the buffer memory 233 by a group of    The channel and the
device may access the lines 251. There are sixteen of the lines 251.
'buffer 189 at the same time, and the buffer Data is taken from the buffer
memory 233  control logic 243 services one request at a and put into the
output buffer 235 by a group  time. The buffer control logic 243 chooses 40
of lines 253. There are sixteen of the lines  one of the lines for service
and holds the 105 253.                                  '   other line off
until the buffer control logic The output buffer 335 transmits the data
243 has serviced the first request, then it back to the interface common
logic 181 (see  services the other request. Fig. 9 and Fig. I1) on a group
of sixteen lines    The servicing of a request by the buffer 45  219 and to
the devices 45, 47 (such as 49, 5 1,  control logic 243 includes the
following.    110 53 shown in Fig. I) on a group of sixteen    First of
all, it determines the direction of lines 255 as indicated by the legends
in Fig.  transfer (into or out of) the buffer memory 12.
'         233, and it asserts line 261 (connected to the The input and
output pointers 237 and 239  multiplexer 241) as appropriate to select the
50  function with the multiplexer 241 as follows.  input pointer 237 or the
output pointer 239 115 When data is being transferred' from the  through
the multiplexer 241. input buffer 231 to the buffer memory 233,
Secondly, on an output request, 'the buffer the input pointer 237 is
connected to the  control logic 243 asserts line 263 which does buffer
memory 233 through the multiplexer  three things. 55  241 to determine the
location into which the    (A) It writes the word from  the input 120 word
is written.                          buffer 231 into the buffer memory 233
at the When data is being transferred out of the  location determined by
the input pointer 237 buffer memory 233 into the output buffer  and the
multiplexer 241. 235, the output pointer 239 is connected to    (B) It
increments the stress counter 247. 60  the buffer memory 233 through the
multi-   (C) The buffer control logic 243 incre- 125 plexer 241 to
determine the location from   ments the input pointer 237; which the word
is taken.                     Thirdly, on an output transfer, the buffer
The purpose of the buffer control logic 243  control logic 243 asserts line
265 which illustrated in Fig. 12 and Fig. 16 is to keep  accomplishes the
following three operations. 65  track of the stress placed on the buffer
189. In    (A) The buffer control logic 243 writes the 130    16
1,588,806                                       16 word being read from the
buffer memory 233  serviced the request. as determined by the output
pointer 239 and.  The clock flip-flop 269 generates a two multiplexer 241
into the output buffer 235.   phase clock used by the request synchroniza-
(B) The buffer control logic 243 decre-  tion flip-flops 271A and 271B and
the request 5   ments the stress counter 247              execution gates
275A and 275B. .           70 (C) The buffer control logic 243 incre-
The  request synchronization  flip-flops ments the output pointer 239.
271A and 271B synchronize the request to The stress counter 247 determines
when  the clock generation flip-flop 269 and stabil- the buffer 189 is full
(D), or at threshold  ize the request for execution. 10 depth (T) as shown
by the output line    The priority resolving gate 273 picks one 75 legends
in Fig. 11.                   of the requests for execution. and causes the



The output of the stress counter is de-  other request to be held off.
coded, and any one of the decoded values    The request execution gates 275
and 275B may be used to specify that the buffer is at  execute the requests
in dependence on the 15  threshold depth. In the preferred embodi-
synchronized request.                        80 ment, wire jumpers are used
to select one of    Each- output' signal on the lines 263 and sixteen
possible stress values, and a reconnect  265 performs the functions
described above request is made to the channel 109 when the  (incrementing
and decrementing the stress stress on the buffer 189 reaches that value,
counter, updating. the buffer memory or 20   The control part 187 of the
device control-  'output buffer, and updating the input-pointer 85 ler uses
these three signals (which correspond  or output pointer). to the legends
in Fig. 13) to make reconnect    In addition, each signal clears the appro-
requests and disconnect requests on respec-  priate request flip-flop
through the lines. tive lines 145 (see Fig. 4 and Fig. 2)and 159  277A and
277B illustrated in Fig. -16. 25  (see Fig. 4 and Fig. 2).
. 'As noted above, Figs. 15, 16 and 17-show  90 The STI (stop in) signal
transmitted on  the three sequences of operation of the I/O line 159 shown
in Fig. 4 and Fig. 2 is related  system. to the buffer depth (D), the full
or empty    In the operation of the I/O system, the conditions of the
buffer and the direction of  normal data: transfer between a processor 30
transfer; and the RCI (reconnect in) signal  module 33 and a particular
device, such as a  95 on line 145 of Pig. 4 and 'Fig. 2 is related to  disc
45, includes an EIO sequence to initiate the threshold depth (T) indication
from the  the transfer. stress, counter 247 in Fig. 11. Thus, the' STI
The EIO instruction. selects the: particular signal is asserted when the
buffer 189 reaches  device controller and device and specifies the 35 a
condition of minimum  stress (full on  operation to be performed.
100 output and empty on input). The STI signal    The device controller 41
initiates the I/O signals the channel 109 that the controller 41  between .
the: device controller 41 and the wishes to terminate the burst data
transfer.  particular device. When the buffer passes through its threshold,
The device controller 41 periodically rec- 40  it asserts the RCI signal on
line 145 to  onnects to the channel 109 and transfers data 105 indicate to
the channel 109 that the buffer  between. the device' controller 41 and the
wishes to transfer a burst of data.      channel 109. The periodic
reconnection may Fig. 16 shows details of the multiplexer  be for the
purpose-of either transferring data 24-5, the buffer control logic 243 and
the  from the channel to the device or for the 45 Stress counter 247 of the
buffer 189 shown in  purpose of 'transferring data from the device 110 Fig.
11.                         to the channel. InFig 16 the multiplexer 245 is
shown as    When the transfer of data is complete the two  sets of gates
245A and 245, request flip-  device controller 41 interrupts the CPU 105,
flops 267A and' 267B, a clock flipflop 269,  which responds by issuing an
110 or an HIIO 50  request synchronization flip-flops 271A and  sequence.
115 271B, a priority resolving gate 273 and    The 110 sequence determines
the identity request execution gates 275A and 275B.    of the interrupting
device and conditions The stress counter 247 comprises a counter  under
which the transfer completed.: section 247A  and a decoder section 247B as
The HIIO  sequence is similar to the 110 55 indicated by the legends in
Fig. 16.      sequence but is issued in response to a high 120 As
illustrated in Fig. 16, the two sets of  priority I/O interrupt. gates 245A
and 245B have used the channel    The "Execute I/O" CPU instruction (EIO)
request signal (line 215) and the  device  is defined by the T bus
state-changes shown request signal (line 257) and the read and  in Fig. 5.'
60  write signals to determine which of the The first state shown in Fig. 5
(the state 125 channel or the device is putting data onto the  farthest to
the left) is the no-operation (NOP) buffer 189 and which is taking data out
of-the  or idle state. The other states are the same as buffer 189.
those listed in Fig. 8 by the corresponding The request flip-flops 267A
and267B store  mnemonics-load address and command ,65  the requests until
the control logic has  (LAC), load parameter (LPRM), read device 130    17
1,588,806                                       17 status (RDST), deselect
(DSEL) and abort   In the operation of the I/O system there instruction
(ABTI).                      are a number of device request signals that
The solid line arrows indicate a state  can happen asynchronously. For
example, a change, and a dashed line arrow indicates a  reconnect signal
may be generated after an 5 condition which must occur before a state  EIO
sequence to request that the channel 70' change can occur.
transfer data to the controller. Or the device The EIO instruction and
execution shown  controller 41 may assert an interrupt request 



in Fig. 5. is directly under control of the  line under a number of
different conditions, microprocessor 113 (see Fig. 2) of the CPU  e.g. to
signal the completion of an EIO 10  105.
sequence or to report an unusual condition in 75 This CPU initiation is
shown as transmit-  a peripheral device. ted to the state machine in Fig. 5
by the line    The device request lines are common to all 117; the
initiation signal is accepted only  device controller ports 43 attached to
a when the T bus is in the idle state.     particular I/O bus 39. 15
Once the CPU initiation is applied, the T   ' The channel 109 responds to
reconnect 80 bus goes from the NOP (idle) state to the  requests made on
the line RCI (145 of Fig. LAC state.                               4), and
the CPU 105 responds to requests In the. LAC state or function a word is
made on the LIRQ line 147 (see also Fig. 4) taken from the top of the
register stack 112 in  with an IIO sequence, and to a request made 20  the
CPU 105 (see Fig. 2) and is put on the D   on the HIRQ line 149 with an
HIIO se- 85 bus 161 (see Fig. 4).                    quence. As described
above, this word is used to    The first thing that the channel 109 or
select a particular device controller 41 and a  CPU  105 does in response
to a Device particular peripheral device 45, 47, 49, 51 or  Request signal
is to determine the identity of 25  53 (see Fig. 1), and the word is also
used to  the highest priority device controller 41 90 specify the operation
to be performed.    asserting a request. That is, there may be In the next
T bus cycle the T bus goes to  several device controllers 41 asserting a
the LPRM state.                          request to the channel 109 at one
time, and In the load parameter state (LPRM) the  the channel will select a
particular device 30 word just below the top of the register stack
controller in accordance with a predeter- 95 in the CPU 105 (see Fig. 2) is
put on the T  mined priority scheme. bus 161 (see Fig. 4) by the I/O
channel 109    In a particular embodiment of the present and is passed to
the device controller 41  invention up to thirty-two device controllers
selected during the previous LAC state.  41 can be connected to a single
channel 109. 35    At the conclusion of the handshake cycle,    The
thirty-two device controllers are con- 100 as shown by the dashed line
arrow in Fig. 5, nected in a star poll using the sixteen bit data the T bus
goes' to the RDST state. In this  bus 161. One additional line 151 is used
to state the device controller 41 returns the  divide the thirty-two device
controllers into 'device status (the status of a particular device  two
groups of sixteen each. One group of 40  selected and comprising the set of
signals  sixteen device controllers is assigned priority 105 describing the
state of that device) from the  over the other group; and priority is also
device controller 41 and places it on the top  asigned among the sixteen
within each of 'the register stack 112 in the CPU 105.    group. The device
responding on bit zero of During the load parameter and read de-  the D bus
during a polling sequence has the 45  vice status state several errors may
have  highest priority' within a rank, and the one 110 occurred. These
include parity error, hand-  responding on bit 15 has the lowest priority.
shake time out, and an error indication in the    In initial introduction,
it may be noted that status word. If an error did occur, then the T
polling (which will now be described) in- bus machine 143 (Fig. 3) goes
from  the 'volves the state descriptions shown in Fig. 6 50  RDST state to
the abort instruction (ABTI)  and 7 up to and including that handshake 115
state.                                   which occurs during the select
(SEL) state in The ABTI state instructs the device con-  each figure.
troller 41 to ignore the previous LAC and    With continued general
reference to Figs. LPRM  information passed to it by the 1/0  6 and 7. the
channel 109 sets the rank line to. 55 channel 109 and then 'the T bus
(channel) zero and then presents the T bus function 120 returns to the NOP
(idle) state.         RPOL (Fig. 16) if the response is to a If, after 'the
RDST state no error was  reconnect request, while the CPU 105 pre-
detected. (as shown by the dashed line arrow  sents an LPOL (Fig. 7) T bus
function if the 114 in the top branch of Fig. 5), the T bus  CPU is
responding with an IIO sequence, or 60  goes to the deselect state (DSEL).
an HPOL T bus function if the CPU is 125 With the T bus in the deselect
state, the  responding with an HIIO sequence. This is device controller 41
clears its select latch 173  the only major point of difference between and
responds to the instruction issued to it the showings in Fig. 6 (the
channel response) (passed to it during the LAC state) and the T  and Fig. 7
(the CPU response) with regard to 65  bus returns to the NOP (idle) state.
polling.                                130    18
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and the    address comparator 193 includs jumpers to response of the
channel 109 to assertion of   determine a physical device controller hum-
the RCI line 145 (see Fig. 4),all devices with  ber. These are the same
jumpers that are 



a reconnect request pending that would        used on a LAC T bus function
during an 5   respond on rank zero place a one bit response   EIO sequence
to determine a particular port. 70 on the D bus. That is,all these devices
assert  In the reconnect sequence the address deter- a line of the D bus
161 corresponding to their  mined by these jumpers is returned to the
priority within the rank                        I/O channel via the D bus
during the T bus The channel 109 transfers the D bus           RAC state to
access a table defining the 10  response into the priority resolve register
135  buffer area for this device.         75 (see Fig. 3). This priority
resolves register 135   It is also necessary to determine the output
determines which device controller       direction of the transfer (whether
an input or has the highest priority (in accordance with    output transfer
to the processor module).To the scheme described above) and asserts the
accomplish this determination of the direc- 15  apropriate bit back onto
the D bus 161,if       tion of the reqested  transfer and the device 80
there is a bit asserted in rank zero by the     address, the channel
asserts the RAC T bus attached device controllers.
function and the device controller 41 returns If there are one or more
devices asserting a the device controller address and the transfer
responses to the priority resolve register on  direction. 20   rank
zero,the output of the priority resolve      The channel uses the device
address re- 85 register is presented to all device controllers  turned by
the device controller 41 to access a attached along with the select
function        two word entry (142) in an I/O control table (SEL) on the T
bus, and the device controller   (IOC) 140 (Fig.2) which defines a buffer
whose priority on rank zero matches the         area 138 in the memory 107
for this particu- 25  ouput of the priority resolve register sets it  lar
device controller and device.     90 select bit 173 (see Fig. 9), and then
that port    The format of a two word entry 142 is will respond to
subsequent status in the        shown enlarged in Fig. 2 to show details of
sequence. This is the mode of operation     the fields of the two words.
indicated by the line arrow going from      There is a two word entry 142
in the IOC the state indicated by RPOL with a rank     table 140 for each
of the eight possible  95 equals zero to select (SEL).
devices of each of the thirty-two possible If the priority resolving
register 135 deter-  device controllers 41 attached to an I/O bus mines
that no device responded when the   39 associated with a particular
processor rank line equalled zero,then the channel 109  module 33, and each
processor module 33 35  sets the rank line to one and reissues the    has
its own IOC table.                   100 RPOL T bus command.Then, if the
priority         Each two word entry describes the buffer resolving
register determines that a response  location in main memory and remaining
occurred on rank 1,the channel asserts the     length be transferred at any
particular bus select function as before.                time for a
particular  data transfer to a 40    However,if the priority resolving
register  particular device.Thus,as indicated by the  105 135 determines
that no response was made      legends in Fig.2, the upper word specifies
the on rank 1,the channel returns to the idle     transfer address to or
from which the transfer state indicated by state NOP in Fig. 6.       will
be made by a burst and the lower word This latter event is an example of a
failure  specifies the byte count specifying the re- 45  which might occur
in one port 43 and which    maining length of the buffer area and the   110
would result in the system 31 accessing that  status of the transfer.
particular device controller 41 through the      The fields representing
the status of the other port 43.                               transfer
include a protect bit P and a channel As noted above,the action of the
priority  error field CH ERR. The channel error field 50  resolving
register l35 in response to an IIO  comprises three bits which can be set
to  115 an H110 sequence initiated by the CPU 105     indicate any one of
up to seven numbered is the same as the response of the priority   errors.
resolving register 135 to a reconnect se-        The transfer address and
byte count are quence initiated by the channel in response   updated in the
IOC table 140 at the conclu- 55  to a reconct in on the line 145 from a
sion of each reconnect and data transfer 120 device cotroller 41.
sequence (burst). The transfer address is With continued  reference to Fig.
6,the   counted up and the byte count is counted reconnect sequence begins
with the poll       down at the conclusion of each burst. The sequence
described above for reconnecting     amount reflects the number of bytes
trans- 60  the highest priority device controller 41     ffered during the
burst.     125 making a request.                                 The second
word also contains (1) a field The next step in the reconnect sequence is
in which any error encountered during a to determine the actual device
controller      reconnect and data transfer sequence may be number
contained in the device address         posted for later analysis, and. (2)
a protect bit 65  comparator 193. As noted above, the device     to specify
that the buffer area in memory 107     130    
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19 may be read from but not written into.   device as it does to accept a.
word from The protect bit serves to protect the  memory for the device, the
two operations processor memory 107 from a failure in the  can be'
overlapped. device controller 41. That is, when the device    During the
burst, the channel decremented 5    controller 41 returned the transfer
direction  the character count register by two for every 70 to the channel
109 during a read address and  word tansferred, since there are two bytes
in command (RAC) T bus function, a failure in  every word. the device
controller 41 could cause the    The burst transfer can terminate in two
device controller to erroneously specify an  ways. The burst transfer can
terminate nor- 10 input transfer. Then the channel would go to  mally or
the burst transfer can terminate with 75 the IN state and transfer data
from the device an error condition. controller into memory, thus causing
data id    Inthe normal 'case there are two possibili- the buffer 138 to be
lost. Theprotect bit  ties. allows the program. to specify that the
In a first condition of operation, the 15  channel may not write into this
buffer area; character count register 131 can reach a 80 that is, the
device may only specify an output  count of either one or two bytes
remaining to transfer.                                be transferred. In
this situation the channel The transfer address specifies the logical puts
up EOT (line 165 as shown in' Fig. 4) path 139B (see Fig. 2).
signifying that the end of transfer has been 20    The channel places the
transfer address in  reached. If the count reaches one, then'the 85 the
channel memory address register 129 (see  channel asserts EOT and PAD
OUT(line Fig. 13) and places the byte count in the  167 of Fig. 4)
signifying the end of transfer character count register 131 (see Fig. 3).
with an odd byte. Depending upon the direction of the trans-    If the
character count reaches two, the 25  fer, (which the channel retrieved from
the  channel puts up EOT, but PAD  OUT  90 device during the RAC state
shown in Fig. (PADO on line 167 of Fig. 4) is not required 6), the channel
puts the T bus in either the IN  because both bytes on the bus are valid.
state or OUT state and transfers data be-   In either case, the device
controller 41 tween the device controller 41 and memory  responds by
asserting STOP IN (STI) on line 30  107 using the channel memory address
regis-  159 (see Fig. 4), and the device controller 41 '95 ter 129 to
specify the logical path 139C (see  also asserts PAD IN (PADI) on line 169
(Fig. Fig. 2). The channel memory address register  4) if the channel
asserted PAD  OUT 129 and character count register 131 are  (PADO). updated
with each word transferred during    In this first case of normal
termination, the 35 the burst to reflect the next address in the  transfer
as a whole, not just the burst, is 100 buffer and the number of characters
yet to be  terminated by the channel 109. transferred. At the conclusion of
a burst the    The other normal completion is when the contents of the
'channel memory address  device controller 41 ends the burst by assert-
register 129 and of the character count ing STOP IN  (STI) in response to
the 40  register 131 are. written into the IOC table  channel SERVICE OUT
(SVO). This signi- 105 140.                                    fies that
the buffer 189 (see Fig. 9) has In operation, for each word transferred in
reached a condition of minimum stress (as from the device on an in
transfer, the channel  indicated by point 229 in Fig. 13). 109 accepts the
word by the handshake    The 'STOP IN (STI) can occur on an 45  mechanism
described above and places the  output transfer or on an input transfer.
110 word in the I/O data register 127 (see Fig. 3)    On an input transfer,
if the device control- and then transfers the word to the buffer area  Ier
41 wishes to terminate the transfer as well in memory defined by the
logical path 139C  as the burst, the device controller 41 can (see Fig. 2).
assert STOP IN (STI); and, to signify an odd 50    On an out transfer the
channel 109 takes a  byte on the last word, the device controller 41 115
word from the buffer area over logical path  can also assert PAD IN (PADI).
139C and transfers the word to the channel    As shown in Fig. 6, when the
transfer is memory data register 125. The channel then  terminated by' a
non-error condition (STI transfers the word into the I/O data register  OR
EOT) on either an output transfer or an 55  127 (Fig. 3) and handshakes
with the device  input transfer (as shown by the balloons 120 controller
which accepts the word into its  OUT and' IN in Fig. 6), the channel 109
interface data register 213.             updates the IOC table entries as
noted above, The high speed of the I/O  channel is  and returns to the idle
(NOP) state shown in accomplished by pipelining where the word  Fig. 6. 60
in the 1/0 data register 127 is handshaken to    As noted above, the
transfer can also be 125 the device while the channel concurrently
terminated by an error condition. requests and accepts the next word in the
During the burst several errors may occur transfer from memory 107 and
places it in  as follows. the channel memory data register 125. Since
First. the device controller 41 may request 



65  it takes just as long to put a word out to the  an input transfer into
a buffer whose protect 130    20                                  1,588,806
20 bit P is set in the IOC table as mentioned  142 for a particular
device,and if the device above.                                 controller
41 attempts to reconnect to the Second, the device controller 41 may not
channel 109, the channel issues an abort return a PADI IN (PADI) signal in
response  (ABTD) to the device controller 41 as noted 5   to a PAD OUT
(PADO) signal from the  above and leaves the channel error field of 70
channel 109.                              the two word entry 142 at zero.
Third, the channel 109 may detect aparity   In response to an abort data
(ABTD) T error on the D bus 161.                   bus function, the device
controller 41 makes Fourth,the device controller 41 may not an interrupt
request on the ine HIRO or 10  respond to a SERVICE OUT (SVO) signal
LIRQ (lines 49 or 147 as shown in Fig.4) to 75 from the channel 109 within
the allotted time  the channel 109. as mentioned above in the discussion on
The device controllers 41 may at any time handshakes.
request an interrupt on these two lines. Fifth,the buffer area specified by
the IOC    An interrupt generally indicates that a 15  table entries may
cross into a page whose  data transfer has been completed or termi- 80 map
marks it absent (see the discussion of the  nated by an abort from the
channel (an mapping scheme in the memory system).    ABTD from the channel)
or by an error Sixth, a parity error may be detected in  condition within
the device controller 41 or accessing the map we accessmg the mem-
attached device, or that a special  condition 20  ory during them connect
in and data transfer  has occured within the device controller     85
sequence. See the description in th memory  an attached device. For
example, when the system relating to the parity error check.    power is
applied and the PON circuit indi- Seventh, the memory system may detect
cates that power is at anaccele level the an uncorrectable parity error
when the chan-  device controller interts he processor 25  nel 109 accesses
the memory.See the descrip-  module to indicate that its internal state is
90 tion of the memory system for this party  Reset because power was off or
had failed error check.                             and has been eset by
the PON circuit. If any of these error conditions occur, the    In response
to an interrupt,  e prwam channel 109 goes to the abort data transfer
running within the processor module .33 30  state (ABTD)as shown in Fig.
16. This       issues as interrogate I/O instruction (110)or 95 instructs
the device controller 41 that an  an interrogate high priority I/O
instrution error has occurred and that the data transfer (HIIO) over the
1/0 bus 39. should be aborted. The channel 109 then          The IIO
instruction is issued in response to goes back to the idle state whichis
(NOP )as  a low prority. I/O interrupt, that is, one 35 shown in Fig. 16.
issued on the low priority interrupt request 100 When an error occurs, the
channel 109  (LIRQ) line 147 (see Fig. 4). updates the IOC table entries
and puts an    The HIIO instruction is issued in response error number
indicating one  of the seven  to a high  pority 1/0 interrupt, that is, one
erors noted above in the error held of the  requested on a high priority
request (HIRQ) 40 second word of the IOC table entry as  line 149 (see Fig.
4).                   105 mentioned above.                              The
microprocessorl 13 (see Fig. 2) exe Thus, if a single error occurs, the
number cutes the EIO, II0 or HIIO instruction by of that error is entered
in the error field of the  taking control of the channel control logic IOC
table entry.                       141 and data path logic  . 45    lf more
than one error occurs, the channel   The sequence for these instructions is
110 109 selects the error from which recovery is  illustrated in Fig. 7;
and, as noted above, the least. likely to ..occur and enters only the
sequence starts with a polling sequence. .number of that error in the error
field of the    The IIO instruction polls in a sequence IOCtable entry.
using the T bus function low piority inter- 50   There is one other type of
error that can  rupt poll (LPOL) while the HIIO instruction 115 occur. The
device controller 41 may try to  polls in a sequence using the T bus
function reconnect to the channel when the count  high priority interrupt
poll (HPOL). word in the IOC table is zero. In this event, The polling
sequence which is also de- the channel will not let the device er  scribed
above completes by slecting the 55 reconnect and then  channel goes the
appropriate device controller 41 by using the 120 sequence as described
above with reference  T bus function select (SEL) as shown in Fig. to
Fig.6, but when the channel determines   7. that the count word in the IOC
table is zero,    The appropriate device controller 41 se- the channel 109
goes directly to the abort  lected is that device controller which has the
30  (ABTD) state. This is important feature of highest priority and is
making an interrupt      125 



the present invention because it protects the  request. process memory from
being overwritten by          The sequence continues with a read inter- a
failing device.                              rupt cause (RIC) T bus
function as shown in If the count is zero in the byte count count Fig. 7.
'The device controller 41 resonds by 65 of the second word of the IOC table
entry  return    device dependent status on the D 130    21
1,588,806                                    21 bus 161 (see Fig. 4).
transactions must be processed by the I/O The microprocessor 113 (Fig. 2)
reads the  system and CPU. status from the D bus 161 and places the
Flexibility to interface a wide variety of status on the top of the
register stack 112  devices is achieved because the system of the 5 (Fig.
2).                                 present invention does not presuppose
any 70 The sequence then. continues with a read  inherent characteristics
of a device type. interrupt status (RIST) T bus function as  Instead, the
present invention provides a shown in Fig. 7. The device controller 41
structure and operation which can accommo- responds to this RIST T bus
function by  date a wide variety of device operations. 10 returning the
device controller number, the    The present invention provides for a maxi-
75 unit number and four dedicated status bits  mum usage of resources,
primarily by mak- on the D bus.                           ing  a  maximum
usage  of  memory Of the four bit status field, two of the bits  bandwidth.
Each device uses a minimum of indicate respectively, abort (ABTD) and  the
memory bandwidth. This allows a rela- 15 parity error (which parity error
may have  tively large number of devices to be associ- 80 occurred during a
reconnect and data trans-  ated with the particular I/O bus. Because of fer
sequence).                          the inherent speed of the I/O bus, and
the The microprocessor 113 copies the content  buffering technique of the
present invention, of the D bus-the controller number, the  each particular
transfer is made at a rela- 20 device number and the interrupt status-and
tively high speed limited only by memory 85 places that content on the top
of the register  speed. Because the transfers are in a burst stack 112.
mode, the overhead associated with each If no error occurred during the
sequence, transfer is minimized. This maximizes the then the sequence
continues with the deselect use of the channel bandwidth and also 25 (DSEL)
state which deselects the device  permits the use of high speed devices.
90 controller 41; and then the sequence goes    The present invention
provides for failsoft into the idle (NOP) state as indicated by the  access
to peripheral devices. There are re- line at the top of Fig. 7.
dundant paths to each peripheral device, and If an error did occur (and the
error can be  containment of failure on any particular 30 a parity error
detected by the channel or a  path. Failure of a particular module in one
95 handshake time out), the channel goes from   path does not affect the
operation of a the RIST state to the abort instruction  module in another
path to that device. (ABTI) state as shown in Fig. 7. This    There are
comprehensive error checks for deselects the device controller 41, and then
checking data integrity over a path, sequence 35 the channel 109 goes back
into the idle  failures and timing failures.           100 (NOP) state as
shown by the bottom line in    Protection features prevent a peripheral
Fig. 7.                                 device from contaminating its own
buffer or As noted above, an I/O operation between  the memory of the
system. These protection a processor module and an I/O device  features
include a separate count word in 40 typically consists of a group of
sequences, each IOC table and a protect bit in the IOC 105 e.g. an EIO
followed by some number of table. The IOC table is accessible by the
reconnect and data transfer sequences, termi-  channel, but not by the
device. This is a nating with an IIO sequence. Sequences  second level of
protection to prevent :the from several different I/O operations may be
device from accessing any memory not as- 45  interleaved, resulting in
apparent simultane-  signed to that device.           110 ous I/O operation
by several devices. Thus, a    The present invention requires only a large
number of devices may be accessed  small number of lines in the I/O bus to
concurrently; the exact number depends on  provide a flexible and powerful
I/O system. the channel bandwidth and the actual   The operation of the
device controller is 50 bandwidth used by each device.           well
defined as power is turned on or off to 115 The 1/0 system and dual port
device  protect the 1/0 bus from erroneous signals controller architecture
and operation de-  during this time and also to permit on line scribed
above provide a number of important  maintenance and system upgrade.
benefits.                                 The present invention uses stress
to allow 55    These benefits include (a) flexibility to the buffers to
cooperate without communi- 120 interface a wide variety of devices, (b) a
cating with each other. 



maximum usage of resources, (c) a fail soft    An on line transaction
system is obtained environment in which to access. peripheral through
overlapped transfers and processing. devices in a multiprocesor system. (d)
on line    Multichannel direct memory access pro- 60  maintenance and
upgrade of the multipro-  vides interleaved bursts to give overlapped 125
cessor system capability, and (e) maximum  transfers and minimum waits for
accesses to system through put (as opposed to emphasiz-  a device. Each
burst requires a minimum ing processor through put or I/O through put
memory overhead and allows the processor exclusively) in an on line
transaction system  to make maximum use of the memory. This 65  in which a
large number of concurrent combination allows maximum use of the 1/0 130
22                                     1,588,806
.22' bandwidth and minimal tie up of the proces-  the multiprocessor
system. -sor.                                         4. A system according
to claim 2 or 3, Reference is direted to our co-pending  including logic
means for transmitting a take Application  No. 25490/77 (Serial No
ownership signal to another alernative one of 5   1588803), from which the
present Applica-  the multiple ports to cause the alternative 70 tion has
been divided and to Applications port to operatively connect the device
con- Nos. 3057/80 ,3058/80 and3073/80 (Serial  troller to the
multiprocessor system in re- Nos 1588804, 1588805, 1588806).
sponse to the determination of the failure of said particular port. 10
WHAT WE CLAIM  IS:-                          5. A system according to any
ding  75 l. An input/output system for a multi-  claim, wherein each device
controller in- proeessor system of the kind in which sepa-  cludes a
control part and wherein each of the rate processor modules are
interconnected individual ports in a particular device con- for parallel
processing, said input/output troller is physically connected indepently 15
system comprising a plurality of separate  to tone processor module and at
the same  80 processor modules, each processor module  time as another port
in that device controller having a central processing  unit and a
isphysically connectd to a different proces- sor memory  at least some of
the processor  sor module and including ownership latch modules having an
input/output channel;a  means for establishing a logical connection 20
plurality of device controllers for controlling  between the control art of
the device 285 the transfer of data between a processor controller and tone
of the ports so that only module and a peripheral device; multiple one port
has control of the device controller ports in each device controller and
multiple  at any one point in time whereby a malfunc- input/output buses
for connecting each de-  tion of one port or input/output bus or 25  vice
controller for access by multiple differ-  input/utput.. hannel or
processor  module 90 ent processor modules; interface common  can never
contaminate the other port. logic -means for insuring that only one port
6. A  system  accorin to claim  5, operatively,connects the
devicecontroller to  wherein each device controller includes an the
multiprocessor system at a time; and  interface part and a control part and
wherein 30 priority means for selecting in accordance   the interface part
comprises the multiple  95 with a predetermined priority  sheme a ports,the
interface common logic means and particular device controller from a number
of the ownership latch means an wherein the device request signals that can
happen asyn-  control part includes the control part:of -the chronously,
said priority means including: a  .device logic..and a buffer. 35  star
poll connection between the input/out-  7. A system according to any
preceding 100 put channel and the device controllers using  claim,wherein
an input/output control tabie a multibit data bus;rank line means which  is
provided in the memory of each processor divide the device controllers into
a plurality  module and contains an entry which defines of groups and
wherein groups are assigned   a buffer area  in the memorony and are
maining 40  relative priority among themselves and prior-  byte count
length to be transferred for each 105 ity is also assigned among the device
control    peripheral device attained to the input/out- lers within each
group; a piority resolve  put channel of that processor module. register
for determining  which device con-    A. A  system  according  to claim 7,
troller has the highest priority within each  wherein the input/output
channel means, in 45  group; and selection means for connecting to
response to a reconnect request by a device -110 the input/output channel
the highest priority  controller  when the count word  in the
device-controller making a reconnect request.  input/output control table
is zero, goes 2. A  system  according to claim 1, directly to an abort
state to protect the wherein the ports of each device controller memory
from being overritten by a failing 30 and related system  components are
con- device.    115 structed so that the port of one device   9. A system
according to claim 7,and controller are ogically and: physically inde-
including an  error field in each entry om- 



pendent of each  other and wherein no          prising a plurality of bits
which can be set to component part of one port is also a compo-  indicate
any one of a plurality of numbered 55  nent of another port of the same
device  errors and wherein the input/output channel 120 controller so that
no single component fail-  means goes   directly to the abort state in the
ure anywhere in the device controller can  event of any error.
simultaneously affect the  operation of more    19. A  system according to
claim 7, 8 or 9, than one port.                                 wherein
each entry includes a field which can 60     3.  A  system  according to
claim 1 or 2,   be set  to specify  that  the buffer  area in   125 and
further  including  failure detection   memory may be read from but not
written  - means which include an interprocessor bus  into to protect the
memory from  a failure in interonnecting the processor modules for  the
device controller. determining that a particular port no longer   11. A
system according to  any one of 65 operatively connects the device
controller to  claims 7 to 10, including protection means .130    22
1,588,806                                   22 bandwidth and minimal tie up
of the proces-  the multiprocessor system. sor.
4. A system according to claim 2 or 3, Reference is directed to our
co-pending  including logic means for transmitting a take Application  No
25490/77  (Serial No  ownership signal to another alernative one of 5
1588803). from which the present Applica-  the multiple ports to cause the
alternative 70 tion has been divided and to Applications  port to
operatively connect the device con- Nos. 3057/80, 3058/80 and 3073/80
(Serial  troller to the multiprocessor system in re- Nos 1588804. 1588805.
1588806).         sponse to the determination of the failure of said
particular port. 10   WHAT WE CLAIM IS:--                      5. A system
according to any preceding 75 1. An input/output system for a multi-
claim. wherein each device controller in- processor system of the kind in
which sepa-  cludes a control part and wherein each of the rate processor
modules are interconnected  individual ports in a particular device con-
for parallel processing. said input/output  troller is physically connected
independently 15 system comprising: a plurality of separate  to one
processor module and at the same 80 processor modules. each processor
module  time as another port in that device controller having a central
processing unit and a  is physically connected to a different proces-
memory, at least some of the processor  sor module and including ownership
latch modules having an input/output channel; a  means for establishing a
logical connection 20  plurality of device controllers for controlling
between the control part of the device 85 the transfer of data between a
processor  controller and one of the ports so that only module and a
peripheral device: multiple  one port has control of the device controller
ports in each device controller and multiple  at any one point in time
whereby a malfunc- input/output buses for connecting each de-  tion of one
port or input/ output bus or 25  vice controller for access by multiple
differ-  input/output channel or processor module 90 ent processor modules:
interface common  can never contaminate the other port. logic means for
insuring that only one port   6. A  system  according to claim  5,
operatively connects the device controller to  wherein each device
controller includes an the multiprocessor system at a time; and  interface
part and a control part and wherein 30 -priority means for selecting in
accordance  the interface part comprises the multiple 95 with a
predetermined priority scheme a  ports, the interface common logic means
and particular device controller from a number of  the ownership latch
means and wherein the device request signals that can happen asyn-  control
part includes the control part of the chronously, said priority means
including: a  device logic and a buffer. 35  star poll connection between
the input/out-   7. A system according to any preceding 100 put channel and
the device controllers using  claim, wherein an input/output control table
a multibit data bus, rank line means which  is provided in the memory of
each processor divide the device controllers into a plurality  module and
contains an entry which defines of groups and wherein groups are assigned
a buffer area in the memory and a remaining 40 relative priority among
themselves and prior-  byte count length to be transferred for each 105 ity
is also assigned among the device control-  peripheral device attached to
the input/out- lers within each group; a priority resolve  put channel of
that processor module. register for determining which device con-    8. A
system  according to claim  7, troller has the highest priority within each
wherein the input/output channel means, in 45  group; and selection means
for connecting to  response to a reconnect request by a device 110 the
input/output channel the highest priority  controller when the count word
in the device controller making a reconnect request. input/output control
table is zero, goes 2. A  system  according to claim  1, directly to an
abort state to protect the 



wherein the ports of each device controller  memory from being overwritten
by a failing 50 and related system  components are con-  device.
115 structed so that the port of one device    9. A system according to
claim 7, and controller are logically and physically inde-  including an
error field in each entry com- pendent of each other and wherein no
prising a plurality of bits which can be set to component part of one port
is also a compo-  indicate any one of a plurality of numbered 55 nent of
another port of the same device  errors and wherein the input/output
channel 120 controller so that no single component fail-  means goes
directly to the abort state in the ure anywhere in the device controller
can  event of any error. simultaneously affect the operation of more    10.
A system according to claim 7, 8 or 9, than one port.
wherein each entry includes a field which can 60   3. A system according to
claim I or 2, be set to specify that the buffer area in 125 and  further
including  failure detection  memory may be read from but not written means
which include an interprocessor bus  into to protect the memory from a
failure in interconnecting the processor modules for  the device
controller. determining that a particular port no longer    11. A system
according to any one of 65 operatively connects the device controller to
claims 7 to 10, including protection means 130    for preventing a
peripheral device from   buses and wherein the power-on circuit
contaminating its own buffer area in the  means coact with the interface
devices during processor module.           .           a failure or
turn-off of an associated power 12. A  system  according to claim  11,
supply to electrically prevent the interface 5 wherein the protection means
include a  devices from driving the input/output bus to 70 protect bit for
permitting a read only opera-  thereby prevent one device controller from
tion from the processor module memory and  contaminating the input/output
bus during a for preventing a write operation into the  failure or turn-off
of a power supply. processor module memory.                  20. A system
according to any preceding 10   13. A system according to any preceding
claim, wherein a stress responsive buffer is 75 claim, wherein each
processor module has an  located in each device controller, each stress
input/output control table means in the  responsive buffer comprising:
buffer memory memory of that processor module for all of  means for
receiving and storing data from the devices connected to that processor mo-
the input/output channel and from periph- 15 dule so that a single failure
in any device  eral devices attached to the device controller; 80
controller cannot injure the memory of any buffer control logic means
comprising logic processor module connected to that particu-  means for
keeping track of the degree of lax device controller.
stress placed on the buffer and effective to 14. A system according to any
one of  make reconnect requests and disconnect 20 claims 1 to 3, wherein a
plurality of separate  requests to the input/ output channel as the 85
power supply means are distributed and  stress passes through certain
values; and operatively associated with the processor  stress varying means
for varying the value of modules and device controllers so that no  stress
at which the device controller makes a single power supply means failure
can stop  reconnect request to the input/output chan- 25 the multiprocessor
system.               nel.                                     90 15. A
system  according to claim  14,   21.. A  system  according to claim  20,
wherein the separate power supplies are  including holdoff depth means
effective to distributed and operatively associated with  wait until the
stress on the buffer has reached the processor modules and multiple port a
certain value after each input/output 30 device controllers so that any
individual channel disconnection before making a sub- 95 processor module
or device controller can be  sequent reconnect request to thereby allow
powered off without affecting continued  lower priority devices access to
the inpu- operation of the rest of the multiprocessor t/output channel so
that the lower priority system  and on-line maintenance can be  devices do
not overrrun. 35 performed on any individual processor mo-    22. A system
according to claim 20 or 21, 100 dule or device controller by powering down
wherein the buffer includes threshold depth that processor module or device
controller  means to allow the device controller to wait a while the rest
of the multiprocessor system is  period of time after making a reconnect
on-line and functional.                 request before the controller
overruns to 40    16. A system according to claim 14 or 15, allow higher
priority devices to access the 105 wherein a plurality of separate power
sup-  input/output channel. plies are operatively associated with each
23. A  system  according to claim  22, device controller so that if one
power supply  wherein the buffer depth is the sum of the associated with a
device controller goes down  threshold depth and the holdoff depth. 45
another power supply takes over to prevent    24. A system according to
claim 21, 22 or 110 



loss of that device controller.         23, wherein the stress varying
means are 17. A  system  according to claim  16, effective to vary the
holdoff depth at which wherein two power supplies are connected to  the
device controller makes a reconnect each device controller by diode switch
means  request to the input/output channel means. 50 so that each power
supply supplies power to   25. A system according to any preceding 115 the
device controller at all times andwherein  claim, wherein each port
includes an enable if one power supply fails the other power  latch to
dynamically prevent that port from supply supplies all the power to the
control-  placing any signals on its respective inpu- ler and there is
never a discontinuity of t/output bus in response to a failure of any 55
power provided to the device controller.  portion of the device controller.
120 18. A system according to any preceding   .26.  A system according to
any preceding claim, including power-on circuit means for  claim, and
including parity generation and defining the operation of the device
control-  check means for checking parity starting ler as power is turned
on or off to protect the  before data is gated into a register in the port
60  input/output bus from erroneous signals and  and for continuing the
parity check for a 125 to permit on-line maintenance and system  period of
time after the data has been placed upgrade.
into the register so that the parity is checked 19. A system according to
any one of  during a window and not just on an edge to claims I to 8,
wherein each port includes  insure that the data lines are not in the 65
interface devices for driving the input/output  process of changing while
data is being 130    24
1,588,806                                                  24 accepted into
the register. 27.  An input/output system according to claim   I
substantially  as herein before de- scribed with reference to and as shown
in, 5 the accompanying drawings. FORRESTER, KETLEY & CO., Chartered Patent
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