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HONEYWELL  INFORMATION  interrupt structures.  One such structural SYSTEMS
INC., a corporation organised and  scheme is shown in U.S. Patent Number
existing under the laws of the State of Dela- 3.866.181. Another is shown
in U.S. Patent ware, United States of America of 200 Smith Number
3,676,860. A data processing sys- 5 Street, Waltham, Massachusetts, United
tem utilizing a common bus is shown in 50 States of America, do hereby
declare the U.S. Patent Number 3,815,099. The manner invention for which we
pray that a patent in which addressing is provided in such sys- may be
granted to us, and the method by tems as well as the manner in which for
which it is to be performed to be par- example any one of the devices may
control 10 ticularly described in and by the following the data transfers
is dependent upon the im- 55 statement:-
plementation of the system, i.e., whether The apparatus of the present
invention there is a common bus, whether the opera- generally relates to
data processing systems tion thereof is synchronous or asynchronous, and
more particularly to data processing etc. The system's response and
throughput 15 operations provided over a common input/ capability is
greatly dependent on  these 60 output bus.
various structures. In a system having a plurality of devices   It is
accordingly a primary object of the coupled over a common bus an orderly
present invention to provide an improved system must be provided by which
bidirec- data processing system having a plurality of 20 tional transfer of
information may be pro- devices connected to a common bus.    65 vided
between such devices. This problem    According to the present invention
there becomes more complicated when such de- is provided a data processing
system com- vices include for example one or more data  prising:
processors, one or more memory units, and    A. a plurality of units; 25
various types of peripheral devices, such as   B. A common electrical bus,
coupled to 70 magnetic tape storage devices, disk storage each of said
units, providing a path for the devices. card reading equipment and the
asynchronous transfer of information be- like.
tween any two of said units; and Various methods and apparatus are known
C. a priority network coupled with each 30 in the prior art for
interconnecting such a of said units, for indicating the one of said 75
system. Such prior art systems range from  units which is the highest
priority unit re- those having common data bus paths to  questing the
transfer information over said those which have special paths between  bus,
said priority network comprising: various devices. Such systems also may
in-  (i) a priority bus having a first end and a 35 clude a capability for
either synchronous or  second end, the one of said units coupled 80
asynchronous  operation  in  combination   to said first end of said
priority bus with the bus type. Some of such systems.    having the highest
priority, the one of independent of the manner in which such     said units
coupled to said second end devices are connected to operate, require   of
said priority bus having the lowest 40 the data processor's control of any
such data  priority, and the other ones of said units 85 transfer on the
bus even though for example  having  a  priority  relative  to  their the
transfer may be between devices other   proximity to said first and second
ends than the data processor. In addition such   of said priority bus, and
systems normally include various parity  (ii) priority logic, included in
each of said 45 checking apparatus, priority schemes and   units, said
priority logic having   90    2                                    1 541276
2 a. means which asynchronously registers  available, (depending  on  slave
response a request to transfer information over time) the slave now assumes
the role of said common bus, and               the master and initiates a
transfer to the re- b. means which enables said transfer of questing unit.
This completes the inter- 5       information in response to said re-
change which has taken two bus cycles in 70 quest if there is no other unit
of this case. Intervening time on the bus be- higher priority  signalled
on  said  tween these two cycles may be used for priority bus as currently
transferring  other system traffic not involving these two 



or attempting to transfer information  units. 10      over said common bus.
A master may address any other unit on 75 Said priority bus forms the
subject matter the bus as a slave. It does this by placing of British
Patent 1,418,708 to which atten- the slave address on the  address leads.
tion is now drawn.                        There may be 24 address leads for
example Arrangements according to the invention  which can have either of
two interpretations 15 are hereinafter described by way of example
depending on the state of an accompanying 80 and with reference to the
accompanying  control lead, called the memory reference drawings, in
which:-                     signal (BSMREF-). If the memory refer- Figure 1
is a general block diagram illu- ence signal is a binary ZERO, the format
stration of a system embodying the present of Figure 2 applies to the
address leads 20 invention:                               with the 23rd
such lead being the least sig- 85 Figures 2 to 6 illustrate the format of
nificant bit. It should be noted that as used various information
transferred over the  in this specification, the terms binary ZERO common
bus of the system;                 and binary ONE are used respectively to
Figures 7 illustrates a timing diagram of refer to the low and high states
of electrical 25 the operation of the bus;                signals. If the
memory reference signal is a 90 Figure 8 illustrates a logic diagram of the
binary ONE, the format for such 24 bits as priority network of the system:
shown in Figure 3 applies. In essence, when Figure 9 illustrates bus
interface logic of the memory is being addressed, the bus en- a typical
device controller coupled with the  ables up to [err] bytes to be directly
addressed 30 bus:                                     in memory. When units
are passing control 95 Figure 10 illustrates bus interface logic
information, data or interrupts, they address of a typical memory
controller coupled with  each other by channel number. The chan- the bus;
nel number allows up to [err] channels to be Figure 11 illustrates bus
interface logic  addressed by the bus. Along with the chan- 35 of a data
processor coupled with the bus; nel number, a six bit function code is
passed 100 Figure 12 illustrates data integrity appa- which specifies which
of up to [err] possible ratus utilized in the system: and        functions
this transfer implies. Figure 13 illustrates an addressing tech-   When a
master requires a response cycle nique of the system.
from the slave, it indicates this to the slave 40  The data processing bus
of the present by one state (read command) of a control 105 system provides
a communication path be- lead named BSWRITE- (the other state tween two
units in the system. The bus is thereof not requiring a response, i.e. a
write asynchronous in design enabling units of command).  In addition, the
master may various speeds connected to the bus to oper- provide its own
identity to the slave by 45 ate efficiently in the same system. The de-
means of a channel number.  The data   110 sign of the bus of the present
system per- leads, as opposed to the bus address leads, mits
communications  including  memory  are coded in accordance with the format
of transfers, interrupts, data, status and com- Figure 4, to indicate the
masters identity mand transfers. The overall configuration  when a response
is required from the slave. 50 of a typical system is shown in Figure 1.
The response cycle is directed to the re- 115 The bus permits any two units
to com- questor by a non-memory reference transfer. municate with each
other at a given time  The control lead, indicated as a second-half via a
common (shared) signal path. Any  bus cycle (BSSHBC-), is enabled to design
unit wishing to communicate, requests a bus  nate that this is the awaited
cycle (as com- 55 cycle. When that bus cycle is granted, that pared to an
unsolicited transfer from  an- 120 unit becomes the master and may address
other unit). any other unit in the system as the slave.   The distributed
tie-breaking network pro- Most transfers are in the direction of master
vides the function of granting bus cycles to slave. Some types of bus
interchange re- and resolving simultaneous requests for use 60 quire a
response cycle (read memory for ex- of the bus. Priority is granted on the
basis 125 ample). In cases where a response cycle is of physical position
on the bus, the highest required, the requestor assumes the role of
priority being given to the first unit on the the master, indicates that a
response is re- bus.  The logic to  accomplish  the tie- quired. and
identifies itself to the slave. breaking function is shown in Figure 8 and
65 When the required  information  becomes is distributed identically among
all units 130    3                                      1 541 276
3 connected to the bus. In a typical system, to define the port number to
distinguish in- the memory is granted the highest priority  put ports from
output ports. The channel and the central processor is granted the number
of the slave unit will appear on lowest priority with the other units being
the address bus for all non-memory trans- 5 positioned on the basis of
their performance  fers as shown in Figure 3. Each unit com 70
requirements.                           pares that number with its own
internally Thus, referring to Figure 1, a typical sys- stored number
(internally stored by means tern of the present invention includes a  of
the rotary switches). The unit which 



multiline bus 200 coupled with memory  achieves a compare is, by
definition, the 10 1-202  through  memory  N-204,  such  slave, and must
respond  to  that cycle. 75 memories having the highest priority and
Generally, no two points in a single system with the central processor 206
having the  will be assigned to the same channel num- lowest priority. Also
connected on the bus ber. As shown in Figure 3, a specific bus may be
included for example a scientific  or 110 function can be performed as
indi- 15 arithmetic unit 208 and various controllers cated by bits 18
through 23 of the bus ad- 80 210, 212 and 214. Controller 210 may be  dress
leads for non-memory  transfers. coupled to control for example four unit
Function codes may designate output or in- record peripheral devices 216.
Controller put operations.  All odd function codes 212 may be used to
provide communica- designate output transfers (write) while all 20 tions
control via modem devices whereas even function codes designate input
transfer 85 controller 214 may be utilized to control requests (read).  The
central processor mass storage devices such as a tape peri- examines the
least significant bit 23 of the 6 pheral device 218 or a disk peripheral
de- bit function code field for an input/output vice 220. As previously
discussed, any one command and uses a bus lead to designate 25 of the
devices coupled with the bus 200  the direction.                       90
may address a memory or any other unit   There are various output and input
func- connected to the bus. Thus tape peripheral tions.  One of the output
functions is a 218 may via controller 214, address memory  command whereby
a data quantity, for 202. As shall be hereinafter discussed, each  example
16 bits is loaded into the channel 30 of such units directly connected to
the bus from the but The meanings of the indi- 95 includes a tie-breaking
logic as illustrated  vidual data bits are component specific, but and
discussed with respect to Figure 8, and  the data quantity is taken to mean
the data further each one of such units includes ad- to be stored, sent,
transmitted etc. depend- dress logic as discussed with reference to  ing
upon the specific component functional- 35 Figure 9 for a typical basic
device controller ity. Another such output function is a com- 100 address
logic, Figure 10 for typical memory  mand whereby for example a 24 bit
quantity address logic, and Figure 11 for typical cen- is loaded into a
channel address register tral processor address logic. Units not (not
shown). The address is a memory byte directly connected to the bus, such as
units address and refers to the starting location 40 216. 218 and 220 also
have tie-breaking  in memory where the channel will com- 105 logic.
mence input or output of data. Various A channel number will exist for
every  other output functions include an output end point in a particular
system with the  range command which defines the size of the exception of
the memory type processing  memory buffer assigned to the channel for 45
elements which are identified by the memory  a specific transfer an output
control com- 110 address. A channel number is assigned for mand which by
its individual bits causes each such device. Full duplex devices as
specific responses, output task functions such well as half-duplex devices
utilize two chan- as print commands, output configuration nel numbers.
Output only or input only  which is a command to indicate functions 50
devices use only one channel number each. such as terminal speed, card
reader mode, 115 Channel numbers are easily variable and  etc., and output
interrupt control which is a accordingly  one  or  more  hexidecimal
command which loads for example a 16-bit rotary switches (thumb wheel
switch) may be  word into the channel with the format as utilized for each
such unit connected with  shown in Figure 5. The first ten bits indi- 55
the bus to indicate or set the unit's address. cate the central processor
channel number 120 Thus when a system  is configured, the  and bits 10
through 15 indicate the interrupt channel number may be designated for the
level. Upon interrupt, the central processor particular unit connected to
the bus as may  channel number is returned on the address be appropriate
for that particular system. bus while the interrupt level is returned on 60
Units with multiple input/output (I/O) ports the data bus.
125 generally will require a block of consecu-   The input functions
include functions tive channel numbers. By way of example, similar to the
output functions except in this a four port unit may use rotary switches to
case the input data is transferred from the assign the upper 7 bits of a
channel number device to the bus. Thus, input functions in- 65 and may use
the lower order 3 bits thereof clude the input data, input address and in-
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4 put range commands as well as the task  it is defined to mean that the
unit shall not configuration and interrupt commands. In  interrupt.  Figure
7  illustrates the  bus addition, there is included the device identi-
timing diagram and will be discussed more fication  command  whereby  the
channel specifically  hereinafter.  Generally, how- 5 places its device
identification number on  ever the timing is as follows. The timing 70 the
bus. Also included are two input com- applies to all transfers from a
master unit to mands whereby a status word 1 or a status a slave unit
connected to the bus. The speed word 2 is placed on the bus from the chan-
at which the transfer can occur is dependent 



nel as presently discussed.              upon the configuration of the
system. That 10  The indication from status word 1 may  is. the more units
connected to the bus and 75 include for example whether or not the  the
longer the bus, then, due to propagation specific device is operational,
whether it is delays, the longer it takes to communicate ready to accept
information from the bus, on the bus. On the other hand, the lesser whether
there is an error status or whether amount of units on the bus decreases
the 15 attention is required. Status word 2 may  response time.
Accordingly, the bus timing 80 include for example an indication of parity,
is truly asynchronous in nature. A master whether there is a
non-correctable memory  which wishes a bus cycle makes a bus re- error or a
corrected memory error, whether quest. The signal BSREQT- is common there
is a legal command or for example  to all units on the bus and if a binary
20 whether there is a non-existent device or ZERO, indicates that at least
one unit is 85 resource.                                requesting a bus
cycle. When the bus cycle As previously discussed, a unique device  is
granted, the signal BSDCNN- becomes a identification number is assigned to
every  binary ZERO indicating that a tie-breaking different type of device
which is connected  function as more specifically discussed with 25 to the
bus. This number is presented on the  respect to Figure 8, is complete and
that 90 bus in response to the input function com  one specific master now
has control of the mand entitled input device identification.  bus. At the
time the signal BSDCNN- be- This number is placed on the data bus in  comes
a binary ZERO, the master applies the format shown in Figure 6. For con-
the information to be transferred to the bus. 30 venience, the number is
separated into 13 Each unit on the bus develops an internal 95 bits
identifying the device (bits 0 through  strobe from the signal BSDCNN-.
The 12) and three bits identifying certain func-  strobe is delayed for
example approximately tionality of the device (bits 13 through 15) 60
nanoseconds from the reception of the as may be required.
binary ZERO state of the BSDCNN- signal. 35  A unit wishing to interrupt
the central When the delay is complete in the slave, the 100 processor
requests a bus cycle. When the  bus propagation time variations will have
bus cycle is granted, the unit places its been accounted for and each slave
unit interrupt vector on the bus, the interrupt would have been able to
recognize its ad- vector including the channel number of the dress (memory
address or channel number). 40 central processor and the interrupt level
The addressed slave can now make one of 105 number. The unit this provides,
as its in- three responses, either an ACK, a NACK or terrupt vector the
master's channel num- a WAIT signal, or more specifically  a ber and its
interrupt level number. if this BSACKR-, a BSNAKR-, or a BSWAIT- is the
central processor's channel number, signal. The response is sent out on the
45 the central processor will accept the inter- bus and serves as a signal
to the master that 110 rupt if the level presented is numerically  the
slave has recognized  the  requested smaller than the current internal
central pro- action.  The control lines then return to cessor level and if
the central processor  the binary ONE state in the sequence as has not just
accepted  another interrupt  shown in Figure 7. Thus the bus hand- 50
Acceptance is indicated by a bus ACK  shake is fully asynchronous and each
transi- 115 signal (BSACKR-). If the central processor  tion will only
occur when the preceding cannot accept the  interrupt, a  NAK  transition
has been received.  Individual signal is returned (BSNAKR-).  Devices units
may therefore take different lengths of receiving  a  NAK   (sometimes
referred  time between the strobe and the ACK, etc., 55 to  as NACK) signal
will retry  when  transition depending on their internal func- 120 a
signal indicating  resume normal in- tionality. A bus time out function
exists to terrupting  is  received  from  the   CP  prevent hang ups which
could occur. (BSRINT-). The central processor issues   Information which is
transferred over the this signal when it has completed a level bus can
include for example 50 signals or 60 change and therefore may be capable of
bits, which may be broken down as fol- 125 accepting interrupts once again.
The chan-  lows: 24 address bits, 16 data bits, 5 control nel number of the
master is supplied in the  bits, and 5 integrity bits.  These various
vector for use since more than one channel signals will be discussed
hereinafter. may be at the same interrupt level. Inter-   The tie-breaking
function, more specific- 65 rupt level 0 is of special significance since
ally described with respect to Figure 8, is 130    5
1 541 276                                      5 that of resolving
simultaneous requests from  accepting the bus transfer from the master
different units for service and granting bus  and wishes to do so. The WAIT
response cycles on a basis of a positional priority sys- is generated by
the slave if the slave is tem. As indicated hereinbefore, the memory
temporarily busy and cannot accept a trans- 5 has the highest priority and
the central pro- fer at this time. Upon receipt of the WAIT 70 cessor has
the lowest priority and they re- signal, the master will retry the cycle at
the side physically at opposite ends of the bus  next bus cycle granted to
it and continue to 200. Other units occupy intermediate posi- do so until
successful. Some of the causes 



tions and have priority which increases rela- of a WAIT response from a
slave, when the 10 tive to their proximity to the memory end  central
processor is the master. are for ex- 75 of the bus. The priority logic of
Figure 8 is  ample, when the memory is a slave and the included in each one
of the units directly  memory is responding to a request from an- connected
to the bus in order to accomplish  other unit or when a controller is a
slave, the tie-breaking function. Each such unit's for example, if the
controller is waiting for 15 priority network includes a grant flip-flop. a
response from  memory or if the con- 80 At any point in time, only one
specific grant troller has not yet processed the pre- flip-flop may be set
and that unit is by de- vious input/output command. When a con- finition
the master for that specific bus  troller is the master and the central
pro- cycle. Any unit may make a user request cessor is the slave, the
central processor may 20 at any time thus setting its user flip-flop. At
respond with an ACK or a NACK signal to 85 any time therefore, many user
flip-flops may  the controller, but not a WAIT signal. In be set, each
representing a future bus cycle. addition, the memory when it is the master
In addition, each unit on the bus contains  cannot be caused to wait
whether the slave a request flip-flop. When all units are con- unit is a
central processor or a controller. 25 sidered together, the request
flip-flops may  The NACK signal indicated by the slave 90 be considered as
a request register. It is means that it cannot accept a transfer at the
outputs of this register that supply the  this time. Upon receipt of a NACK
signal. tie-breaking network which functions to set a master unit will not
immediately retry but only one grant flip-flop no matter how many  will
take specific action depending upon the 30 requests are pending. More
specifically, if type of master.                      95 there were no
pending requests, then no re-   As generally indicated hereinbefore, there
quest flip-flops would be set. The first user are basic timing signals on
the bus which flip-flop to set would cause its request flip- accomplish the
hand-shaking function there- flop to set. This in turn would inhibit, of.
These five signals, as discussed herein- 35 after a short delay as
hereinafter described, before, are bus request signal (BSREQT-) 100 other
devices from setting their request flip- which when a binary ZERO indicates
that flops. Thus what occurs is that a snap-shot one or more units on the
bus have requested of all user requests is taken for the given  the bus
cycle; the data cycle now signal period in time (the delay's period). The
(BSDCNN-) which when a binary ZERO 40 result is that a number of request
flip-flops indicates a specific master is making a bus 105 may be set
during this delay period depend- transfer and has placed information on ing
upon their arrival. In order to allow  the bus for use by some specific
slave; the the request flip-flops to have their outputs ACK signal
(BSACKR-) which is a signal become stable. each unit includes such delay
generated by the slave to the master that 45 in order to insure that such
stabilization has the slave is accepting this transfer by making 110
occurred. A particular grant flip-flop is set this signal a binary ZERO;
the NAK signal if the unit associated therewith has its re- (BSNAKR-) which
is a signal generated by quest flip-flop set and the delay time has the
slave to the master indicating to the elapsed and no higher priority unit
wants the  master when it is a binary ZERO that it 50 bus cyle. A. strobe
signal is then generated  is refusing this transfer; and the WAIT sig- 115
after another delay period and finally the  nal (BSWAIT-) which is a signal
generated grant flip-flop is cleared (reset) when the  by the slave to the
master indicating when master receives an ACK, NACK or WAIT  it is a binary
ZERO that the slave is re- signal from the slave unit.              fusing
the transfer. 55  As indicated hereinbefore, there are three   In addition
and  as indicated  herein- 120 possible slave responses, the . ACK, the
before, there may be as much as fifty in. WAIT or the NACK signal. In
addition, formation signals which are transferred as the there is a fourth
state in which there is no  information content of each bus cycle. These
response at all. In the case where no unit signals are valid for use by the
slave on the 60 on the bus recognizes the transfer as ad- leading edge of
the strobe signal. All of 125 dressed to it, no response will be forth- the
following discussion is by. way of ex- coming. A time out function will
then take  ample and it should be understood that the place and a NACK
signal will be received  number of bits may be changed for different
thereby clearing the bus. An ACK signal functions. Thus, there may be 16
leads or 65 will be generated if the slave is capable of bits provided for
the data  and  more 130    6                                      1 541276
6 particularly  signals  BSDT00-  through  bus  contains  the  memory
data, the BSDT15-.  There  are  24  leads  pro- BSSHBC-  signal is a
binary  ZERO vided for the address, more particularly  denoting  a  read
response  and  the signals  BSADOO-  through  BSAD23-. BSMREF-  signal is a
binary  ONE. 5 There  is  one  bit  provided  for  the During the third bus
cycle, the address bus 70 memory  reference  signal  (BSMREF-) contains the
memory address, the data bus which when a binary ZERO indicates that
contains the memory data, the BSLOCK- the address leads contain a memory
address. signal is  a  binary  ZERO  indicating 



When the memory reference signal is a bin- the completion of the read
modify write 10 ary ONE it indicates that the address leads operation and
the BSMREF-, signal is a 75 contain a channel address and a function
binary ZERO, and the BSSHBC- signal is code as indicated in Figure 3. There
is a binary ZERO. In addition the BSWRIT- also provided a byte signal
(BSBYTE-) signal is a binary ONE. As in all other which indicates when it
is a binary ZERO  operations the intervening time on the bus 15 that the
current transfer is a byte transfer between the three bus cycles of the
read 80 rather than a word transfer, a word typically  modify write
operation may be used by comprising two bytes. There is also a write  other
units not involved in the transfer. signal (BSWRIT-) which indicates when
it   In addition to the other control signals, is a binary ONE that the
slave is being re- also provided on the bus may be the bus 20 quested to
supply information to the master. clear (BSMCLR-) signal which is normally
85 A separate bus transfer will provide this in- a binary ONE and which
becomes a binary formation.  There is further provided a ZERO when the
master clear button. which second-half bus cycle (BSSHBC-) which is may be
located on the central processor's used by the master to indicate to the
slave  maintenance panel, is actuated. The bus 25 that this is the
information previously re- clear signal may also become a binary 90
quested. From the time a pair of units on  ZERO  during a power up sequence
for the bus have started a read operation (in- example. The resume
interrupting signal dicated by the signal BSWRIT-) until the  (BSRINT-) is
a pulse of short duration second cycle occurs, to complete the transfer
which is issued by the central processor 30 (indicated by BSSHBC-) both
units may be  whenever it completes a level change. When 95 busy to all
other units on the bus.     this signal is received, each slave unit which
In addition to miscellaneous error and  had previously interrupted and had
been parity signals, there is also included a lock  refused, will reissue
the interrupt. signal among the fifty information signals   The timing
diagram of Figure 7 will now 35 on the bus. The lock signal (BSLOCK-) is be
more specifically discussed in detail with 100 used to cause a lock
operation to occur. respect to the address logic circuitry of a This is a
multi-cycle bus transfer whereby typical controller, the memory and the
cen- a unit may read or write a word or multi- tral processing unit. word
area of memory without any other unit   With reference to the timing
diagram of 40 being able to break into the operation with  Figure 7, in
every bus cycle there are three 105 another lock command. This facilitates
the identifiable parts, more  particularly, the connection of the system
into a multipro- period (7-A to 7-C) during which the highest cessing
system.  The effect of the lock  priority requesting device wins the bus.
the operation is to extend a busy condition be- period (7-C to 7-E) during
which the master 45 yond the duration of the memory cycle for unit calls a
slave unit, and the period (7-E 110 certain types of operations. Other
units to 7-G) during which the slave responds. attempting to initiate lock
signals before the When the bus is idle the bus request signal last cycle
is complete will receive  a (BSREQT-) is a binary ONE. The bus NACK
response. The memory will however request signars negative going edge at
time 50 still respond to other memory requests. An  7-A starts a priority
net cycle. There is an 115 example of the lock operation is the read
asynchronous delay allowed within the sys- modify write cycle, the three
bus cycles of tem for the priority net to settle (at time which are as
follows. During the first bus 7-B) and a master user of the bus to be
cycle, the address bus contains the memory  selected. The next signal on
the bus is the 55 address, the data bus contains the channel BSDCNN- or
data cycle now signal. the 120 number of  the  originator, the  signal
BSDCNN- signal's transition to a binary BSWRIT- is a binary ZERO indicating
a ZERO at time 7-C means that use of the response is required, the signal
BSLOCK-  bus has been granted to a master unit. is a binary ZERO indicating
that this is a Thereafter, the second phase of bus operation 60 locked
operation and further the BSMREF-  means the master has been selected and
is 125 signal is a binary ZERO, and the signal now free to transfer
information on the BSSHBC- is a binary ONE.  During the data, address and
control leads of the bus second bus cycle ofthe read modify write  200 to a
slave unit that the master so operation, the address bus contains the
designates. 65 channel number of the originator, the data   The slave unit
prepares to initiate the 130    7                                        1
541 276                                         7 third phase of bus
operation beginning at The input and the output of the delay line the
negative going edge of the strobe or  13 being a binary ZERO allows the
output BSDCND- signal. The strobe signal is de- of NOR gate 14 (BSBSY-) to
be a binary layed, for example, sixty (60) nanoseconds  ONE. When one of
the units connected to 5 from the negative going edge of BSDCNN-  the bus
desires a bus cycle, it asyn- 70 signal by delay line 25 of Figure 8. Upon
chronously sets its user flip-flop 15 so that its the occurrence of the
negative going edge  Q output is a binary ONE of the BSDCND- signal at time
7-D, the    Thus, with the bus in the idle state, the 



slave unit can now test to see if this is his  first event that occurs as
the bus goes to the 10 address and if he is being called to start the  busy
state is that the upser sets its user 75 decision making process of what
response it request flip-flop 15. When both inputs to is to generate.
Typically, this will cause an  gate 16 are a binary ONE state, the output
acknowledge signal (BSACKR-) to be thereof is a binary ZERO. This sets the
generated by the slave unit or in the non- request flip-flop 17 so that its
Q output 15 typical cases a BSNAKR- or BSWAIT-  (MYREQT+) is a binary ONE
Thus, in 80 signal or even no response at all (for the case an asynchronous
manner, the Q output of of a non-existent slave) may be generated  request
flip-flop 17 will be a binary ONE. as herein described. The negative going
edge  This operation can be coincidentally occur- of the acknowledge signal
at time 7-E when  ring in the similar logic of the other units 20 received
by the master unit, causes the connected with the bus.                85
master's BSDCNN - signal to go to a binary    The binary ONE state of the
MYREQT + ONE at time 7-F. The strobe signal returns signal will be placed
on line 10 of the bus to the binary ONE state at time 7-G, which  via
driver 18 as a binary ZERO. Thus re- is a delay provided by delay line 25
from  ferring to the timing diagram of Figure 7, 25 time 7-F. Thus, in the
third phase of bus the BSREQT- signal goes negative or to 90 operation, the
data and address on the bus a binary ZERO state. Any request to the are
stored by the slave unit and the bus cycle  system from any one of the
request flip- will begin to turn off. The ending of the flops 17 of the
various units connected to cycle. i.e., when BSDCNN- goes to a binary  the
bus will thus hold line 10 in the binary 30 ONE, dynamically enables
another priority  ZERO state. The delay line 13 includes 95 net resolution.
A bus request signal may, sufficient delay to compensate for the propa- at
this time, be generated and if not re- gation delay encountered by elements
14, ceived, this means that the bus will return  16 and 17. Thus, even
though a device sets to the idle state, and accordingly the its request
flop-flop 17, this does not mean 35 BSREOT- signal would go to the binary
that a higher priority device, which also re- 100 ONE state. If the bus
request signal is pre- quests a bus cycle, will not take the next sent at
that time, i.e., a binary ZERO as bus cycle. For example, if a lower
priority shown, it will start the  asynchronous device sets its request
flip-flop 17, the binary priority  net selection  process following ZERO
signal on line 10 is fed back to all 40 which another negative going edge
of the devices, including the higher priority device, 105 BSDCNN- signal
will be enabled as shown  which in turn generates a binary ONE state by the
dotted lines at time 7-L  It should  at the output of its gate 12 so as to
generate be noted that this priority net resolution  a binary ZERO state at
the output of gate need not wait or be triggered by the positive  14,
thereby disabling the setting of the re- 45 going edge of the acknowledge
signal at quest flip-flop 17 of such other higher 110 time 7-H, but may in
fact being triggered at priority device, if in fact the user flip-flop a
time 7-F just following the transition of 15 of such higher priority device
had not the bus to an idle state if thereafter a unit already been set.
Once the delay time of, desires a bus cycle. This process repeats for
example 20 nanoseconds has expired and 50 in an asynchronous manner.
the output of line 13 of such higher priority 115 Now referring to the
priority net logic of device is now a binary ONE state, then the Figure 8,
the priority net cycle is initially  output of gate 14 will be a binary
ZERO in an idle state and the bus request signal state so that independent
of whether or not (BSREQT-) on line 10 is a binary ONE. the user flip-flop
15 of such higher priority 55 When this bus request signal is a binary
device has been set, the output of gate 16 120 ONE. the output of receiver
(inverting am- will be a binary ONE thereby disabling the plifier 11 will
be a binary ZERO. The out- setting of request flip-flop 17. Thus during put
of receiver 11 is coupled to one input of such time frame, all devices have
their re- gate 12. The other inputs to gate 12 are quest flip-flop 17 set
if in fact they are re. 60 the bus dear signal which is normally a questing
service as indicated by the setting 125 binary ONE and the output of gate
26 which  of their user flip-flop 15. After the delay is normally a binary
ONE also. The out- time provided by element 13 of the device put of gate
12, during the bus idle state is first requesting a bus cycle, a device not
thus a binary ZERO, and thus the output having had its request flip-flop 17
set cannot 65 of the delay line 13 will be a binary ZERO. do so until after
the bus cycle is completed. 130    8
1 541 276                                     8 Thus the higher priority
device will win the  from  delay line 13 and the BSAUOK+ bus even if its
user flip-flop is set a few  priority line will be a binary ONE, however,
nanoseconds after the lower priority device sets its flip-flop.
the Q output of flip-flop 17 will be a bary 5  Thus all of the request
flip-flops 17 for  ZERO thereby placing the binary ZERO devices seeking a
bus cycle will have been  on the BSMYOK+ signal thereby indicat- 70 set
during such interval as indicated by the  mg to the next lower priority
device and delay line arrangement of delay line 13. succeeding lower
priority devices that there 



Notwithstanding that many of such devices is a requesting higher priority
device which 10 coupled with the bus may have their request will be using
the next bus cycle, thereby flip-flops set during such time interval, only
inhibiting all lower priority devices from so 75 one such device may have
its grant flip-flop  using the next bus cycle.  It should be 22 set. The
device that has its grant flip-flop noted that the nine priority lines
received 22 set will be the highest priority device  from the higher
priority devices are trans- 15 seeking the bus cycle. When such highest
ferred in a skewed manner by one position priority device seeking a bus
cycle has corn- as signals BSBUOK + through BSMYOK +. 80 pleted its
operation during such bus cycle, Thus, signals BSAUOK+ received by the the
other devices which have their request present devices  corresponds  to
signal flip-flops set, will again seek the next such  BSBUOK+ received at
the next lower 20 bus cycle and so on. Thus the Q output of priority
device. request flip-flop 17 in addition to being fed    Having completed a
priority cycle and 85 to driver 18 is also coupled to one input of having
now caused a binary ZERO state to be placed on the BSDCNN- line, the NAND
gate 19. The Q output of flip-flop  signal is received by all such logic as
shown 17 is coupled to one input of AND gate 20. in Figure 8 by receiver
24. This causes 25 The other inputs to gate 19 are received  the binary ONE
state to be generated at the 90 from the higher priority devices and more
output of receiver 24 and a binary ZERO particularly, for example, nine
preceding  to be provided at the output of NOR gate higher priority
devices. These signals re- 26 thereby disabling AND gate 12 from ceived
from the higher priority devices are  generating a binary ONE state. In
addi- 30 shown to be received from the left-hand side  tion, the binary ONE
state at the output 95 of Figure 8 as signals BSAUOK+ through  of receiver
24 is received by delay line 25 BSIUOK+. If any one of such nine signals
which is by way of example 60 nano- is a binary ZERO, this will mean that a
seconds in duration. The output of delay higher priority device has
requested a bus  line 25 is also received at the other input of 35 cycle
and accordingly this will inhibit the  NOR gate 26 so as to continue to
inhibit 100 current device from having its grant flip-flop  gate 12 when
the strobe is generated. Thus 22 set and thereby disable it from having  at
the end of the delay line period estab- the next bus cycle.
lished  by  delay  line  25, the  strobe The other inputs received by gate
19 are  (BSDCND+) signal is generated, the inver- 40 from the delay line 13
output and the out- sion of which, i.e. the BSDCND- signal is 105 put of
NOR gate 21. The output of delay  shown in the timing diagram of Figure 7.
line 13 is a binary ONE and if all other The use of the strobe signal is
hereinafter inputs to gate 19 are a binary ONE, then  described. Thus the
60 nanosecond period grant flip-flop 22 will be set. The other produced by
delay line 25 inhibits the 45 input from gate 21 is a binary ONE when
priority network of Figure 8 from function- 110 the bus is in an idle
state. The inputs to  mg thereby enabling the winning device, NOR gate 21
are the BSACKR+ signal, ie., the highest priority requesting device the
BSWAIT+  signal, the BSNAKR+  to utilize the next bus cycle without inter-
signal and the BSMCLR+ signal. If any  ference. The strobe generated at the
output 50 one of these signals is a binary ONE, then  of delay line 25  is
used by a potential slave 115 the bus will accordingly be in a busy state
as a synchronizing signal. and the flip-flop 22 cannot be set.       If the
strobe signal has been transmitted, If grant flip-flop 22 has been set. the
Q  then the one of the units which is designated output signal is a binary
ONE and will he as the slave, will respond with either one 55 inverted to
a. binary ZERO signal by in- of the signals ACK, WAIT or NACK re- 120
verter 23 and will then be placed on the  ceived at one of the inputs of
gate 21. If bus on signal line BSDCNN-.  This is in the typical case, the
ACK is received, shown in the timing diagram of Figure 7, for example, or
if any of such response sig- when the BSDCNN- signal goes from the nals are
received, this will reset the grant 60 binary ONE to the binary ZERO
state. flip-flop 22. This response is shown in the 125 Thus, the priority
cycle of the bus cycle is  timing diagram  of Figure 7 wherein the
completed.                              BSACKR- signal is shown to be
received In addition, if the present device does re- from  the  slave
thereby  causing. the quire service and is the highest priority  BSDCNN-
signal to change to the binary 65 device. the two inputs received by gate
19  ONE state by the resetting of grant flip-flop 130    9
1541276                                        9 22. The logical equivalent
of the BSACKR+  the switch 72 is arranged so as to provide a signal as well
as the other two signals is comparator function and eliminates the need
received by gate 28 as the BSACKF +  for at least one level of gating and
accord- signal. The only difference between such  ingly the associated
propagation delay there- 5 signals is a few nanoseconds of delay. This
for. Further, the switch provides an easy 70 causes the  flip-flop 17 to
reset.  The  means for changing the address of a par- BSACKF + signal and
the other two signals ticular unit thereby simplifying the manner 



will only be received by the winning unit in which a system may be
configured. and only its request flip-flop 17 and its user   The output of
gate 73 is referred to as 10 flip-flop 15 are reset. Flip-flop 15 will be
the MYCHAN- signal and will be a binary 7S reset via NOR gate 29 if the
grant flip-flop  ZERO   for  the  selected  slave.   The 22 has been set,
or if the bus clear signal, MYCHAN- signal is coupled to one input as is
the case for the other two flip-flops  of each of the three NOR gates 74,
75 and 17 and 22 is received on the bus. Thus, 76 and, as shall be seen, is
utilized to 15 this process continues for each of the re- generate the ACK,
WAIT, or NAK signal. 80 spective units in an asynchronous manner  The other
inputs to gates 74, 75 and 76 are so as to enable one of such units
connected  received as follows. to the bus to utilize the next bus cycle.
Multiplexer 77 is coupled to receive four Now with reference to typical
controller signals from  respectively up to four sub- 20 address logic as
shown in Figure 9, this units or peripheral devices connected with 85 logic
is exemplary of controllers particularly  the particular controller logic
as shown in one having up to four subunits or peripheral Figure 9. These
signals received at the in- devices connected thereto. Element 70 in- puts
of multiplexer 77 indicate respectively cludes line receivers, one for the
memory  whether or not the particular subunit is pre- 25 reference signals
(BSMREF-). and the  sent, i.e., installed in the system. That is, 90
others. one each, for the  bus address one or more of such subunits may be
con- BSAD08-  to BSAD14-.  Because this  nected. If only one is so
connected, then logic in Figure 9 is for a non-memory con- only one of such
signals will indicate the troller, the memory reference signal is a
presence of a subunit. These signals indicat- 30 binary ONE, both at the
input of element ing that the subunits are present are indi- 95 70 and the
output of inverter 71.        cated  as the MYDEVA-, MYDEB-, A  switch 72
is coupled to receive the  MYDEVC-, and the MYDEVD- signals. seven address
leads as well as the inversion  Multiplexer 77 as well as multiplexer 88
thereof via inverters 78. This switch is to be hereinafter discussed may be
that 35 located in most device controllers connected  device manufactured
by Texas Instruments 100 to the bus 200 and is set to the address of having
part number 74S151. The binary the particular unit. With fourteen leads re-
ZERO state of such signals indicates that the ceived at the switch, only
seven are coupled  subunit is present in the system. The multi- at the
output thereof to multiple input plexer 77 is enabled by the address
signals 40 NAND gate 73. The bus address leads at BSAD15+ and BSADl6+
received from 105 the input side of element 70 are a binary  the bus 200
via inverting amplifiers or re- ZERO for those bits which reflect the
proper ceivers not shown. The same two address address of the desired unit.
Accordingly  signals are coupled to enable multiplexer 88. with the
inversion provided by element 70. These two bits indicate which one of the,
45 binary ONE signals are provided at the non-  by way of illustration, up
to four subunits 110 inverted inputs of switch 72 for those bits  or
devices is being addressed. The output of the address which were received
on bus  of multiplexer 77 is the MYDEVP- signal 200 as binary ZEROS.
Similarly, the seven  which. when a binary ZERO, indicates that output
leads from  the inverters 78 have  the device addressed is present. Thus
each 50 binary ONES for those positions in which  of the gates 74, 75 and
76 receives the out- 115 the address bits are binary ONES on the  put from
multiplexer 77 and accordingly a incoming address bits on bus 200. With
response from  a  particular controller is the signals at the two inputs of
switch 72  governed by the presence of the controllers the complements of
each other, the switches  channel number and the fact that the con- 55
therein. which  may be  a  hexadecimal troller actually has the subunit
attached and 120 switch or a plurality of toggle switches. more  present in
the system.  As shall be dis- particularly a non-ganged seven pole, two
cussed hereinafter, this arrangement allows position switch, are set so
that for the cor- continuity in addresses between one sub- rect device
address, all binary ONE signals  unit to the next in a manner to be more 60
appear at the seven outputs of switch 72. particularly discussed with
reference to the 125 Thus, gate 73 will receive all binary ONE  memory
address logic. In general however signals and will provide a binary ZERO
with more than one basic device controller at its output if this is the
proper device  210 as shown in Figure 1 in the system, and address and if
this is not a memory cycle  with each such controller 210 coupled to 65 as
shall be explained. It can be seen that control different types of
peripheral devices, 130    10                                     1 541 276
10 or with all such controllers 210 coupled to  gate 85 will be a binary
ZERO. This binary control the same type of peripherals 216, by  ZERO state
coupled to the input of NOR selectively arranging such peripherals 216
gate 84 will generate a binary ONE at its with the controller 210, the
addresses for output, which will then inhibit gate 76 from 5 each such
subunit or peripheral may be con- tiguous. Further such addresses may b
generating an ACK signal. However, the Q 70 configured so that no matter
how large or  output of flip-flop 80, i.e., the BDRBSY- 



small the system, a particular address may  signal will be a binary ZERO
which will have any type of peripheral device associated  be provided at
one input of gate 75, which 10 therewith.                              if
all the inputs are binary ZEROS will The other multiplexer 88 is coupled to
generate a WAIT signal. Thus, if the buffer 75 is not busy and other
conditions exist, an receive indications from any one of the four ACK
signal will be generated. If the buffer subunits for example to indicate
that in  fact is busy, then either a WAIT signal or a 15 data. Thus, the
ready signal received by  NAK signal, depending upon the other con-
multiplexer 88 are different from the ditions, will be generated.
80 presence signals received by multiplexer    The flip-flop 81 is used  to
indicate 77. Whereas the presence signals indicate  whether or not this is
a second half read whether or not the particular subunit or cycle
operation. As discussed hereinbefore, 20 peripheral device is installed and
present the BSSHBC- signal is used by the master in the system, the ready
signal indicates  to indicate to the slave that this is the in- 85
dynamically whether the associated subunit formation previously requested.
From the is ready and capable of sending data or re- time a pair of devices
coupled with the bus ceiving data. These ready signals are re- has started
a read operation (indicated by 25 ferred to as MYRDYA-, MTRDYB-, BSWRIT-)
until the second cycle occurs MYRDYC-, and MYRDYD-. Receipt to complete the
transfer, (indicated by 90 of the MYFC01 + signal at the strobe input
BSSHBC-), both devices may be busy to of multiplexer 88 is an exception to
the nor- all other devices on the bus. Thus, looking mal operation of
multiplexer 88 and will be  at  the  inputs  of  flip-flop  81, the 30
discussed hereinafter.                  MYDCNN + signal clocks the
flip-flop, such signal coupled to and being the logical 95 The output of
multiplexer 88 labelled  equivalent to the Q output of the grant MYRDYS-,
when a logical ZERO, en- flip-flop 22 of the device which has become ables
the generation of either a WAIT sig- the master. Received at the D input of
nal or the ACK signal depending upon the  flip-flop 81, is the MYWRIT-
signal which 35 state of the other signals received at the  means that this
was the particular device 100 gates 74, 75 and 76. If a binary ZERO  which
started the memory read cycle and is generated at the MYRDYS+ output Of
that such device is now waiting to read multiplexer 88, a NAK  signal will
be  from the memory and that such particular generated thus indicating that
the addressed  device is expecting a second half read cycle 40 subunit is
not in fact ready.           to be later generated by the memory as the 105
Gates 75 and 76 receive other signals, memory completes the cycle. gate 75
receiving the BDRBSY- signal as   The second half read cycle history flip-
shall be explained hereinafter and gate 76  flop 81  has as its reset
inputs, the receiving the MYACKA- signal from the  MYACKR+ and the BSMCLR+
signals, 45 output of gate 84. These two signals are  both coupled to the
reset input via NOR 110 explained with reference to the functions gate 82.
The BSMCLR + signal acts to provided by flip-flops 80 and 81. In each
reset flip-flop 81 as discussed hereinbefore controller, there is a buffer
or register which  for  various  other  flip-flops  and  the accepts the
data from the bus 200. If this MYACKR + signal indicates that the second 50
data buffer is busy, that is, it already has in- half read cycle is
complete. Thus if the 115 formation stored therein which cannot be
flip-flop 81 is set, this set condition  is lost then there will be an
indication that coupled from the 0 output of flip-flop 81 the buffer is
busy and this will be received  to partially enable one input of AND gate
at the D input of D-type flip-flop 80. whose  83. In order to fully enable
AND gate 83, 55 D input will be reflected at the Q output the BSSHBC+
signal must be generated by 120 thereof upon receipt of the clock signal
the memory, indicating that this is the in- which in this case is the
BSDCNN+ signal formation previously requested. Thus, with received via a
driver from the bus. Thus, the data coming from memory via the bus, at the
time the data cycle now signal, i.e. this signal is activated and via NOR
gate 60 the BSDCNN- signal, goes to the binary  84, the  negative  going
edge  of the 125 ZERO state as shown in Figure 7, if the MYACKA- signal is
generated which per- buffer associated with this particular con- mits the
particular device to acknowledge troller is in fact busy, then the Q output
this bus cycle by the enabling of gate of flip-flop 80, i.e., the BRDBSY+
signal 76 and via element 79, generating the ACK 65 will be a binary ONE
which via NAND  signal via driver 90. In addition and as 130    11
1541276                                      11 indicated hereinbefore, an
ACK  acknow- signal to another controller or a central ledgement may also
be generated if in fact processor. In addition, a general rule is this is
not a second half bus cycle and the  that if one controller requests
information buffer is not busy. This indication is pro- from a controller
of higher priority, the re- 5 vided by gate 85 through gate 84 in order
questing controller must be ready to accept 70 to generate the ACK signal.
the informtaion, and accordingly must re- 



Thus, if the particular controller is wait- spond with an ACK signal. ing
for a bus cycle, having had its second    With respect to the ready
multiplexer 88, half read history flip-flop 81 set, then only  as indicated
hereinbefore, if the device is 10 the receipt of a second half bus cycle
signal not ready, then the NAK signal, other con. 75 (BSSHBC+) can be
responded to for this ditions being met, will be generated. The particular
device. If this particular device  reason the NAK signal is generated
rather is not waiting for a second half bus cycle  than the WAIT signal is
because of the fact then if the buffer is not busy, i.e., if there  that
typically, if a controller such as con- 15 is no longer any useful
information in such  troller 210, is busy, the terminal will be busy 80
buffer, then an ACK signal may be gener-  more than just a few
microseconds, but ated.                                   rather will be
busy for milliseconds. Thus, In addition, the second half bus cycle  cycle
time would be wasted if the indication signal (BSSHBC+) is received at one
input to the master is that the master keep trying. 20 of gate 74 as well
as gate 75. When the  Rather the indication should be that the re- 85
second half read cycle flip-flop 81 has been  questing unit go on with data
processing set, the only output that can be obtained  rather than
unnecessarily using bus cycles if this is the correct channel number, etc.
thereby delaying the overall response of the as indicated by the inputs at
gate 76, is an  system. All the requesting unit has to do 25 ACK  signal.
This is independent of is at its convenience retry the destination 90
whether or not the buffer is busy as indi- unit. cated by flip-flop 80.
Thus a NACK signal   As indicated hereinbefore, the strobe input or a WAIT
signal will be generated by gates of multiplexer 88 receives a signal from
74 and 75 only if this is not a second half gate 86 identified as the
MYFCD1 + signal 30 bus cycle  signal. i.e. that the  signal This signal is
a combination of the function 95 BSSHBC+ is a binary ZERO. In further code
of the signals received at the input of explanation, a second half bus
cycle received  NOR gate 86, such function format code by the controller
can come only, from the  shown specifically in Figure 3. and identified
controller's point of view, from a memory  as bits BSAD18+ through BSAD22+
with 35 and when the memory is ready to return  bit BSAD23+ not used.
Within these bits, 100 the data to the controller, neither a NAK  the
function code is indicated so that the nor a WAIT signal can be generated.
but various units connected to the bus may rather only an acknowledge
signal can be recognize certain codes and commands, as generated. Thus if
the BSSHBC+ signal hereinbefore disussed. A function code of 40 is a binary
ONE, then neither the NAK  all binary ZEROS indicates to the controller 105
nor the WAIT signals can be generated.    that this is a privileged
function code and As indicated hereinbefore, when informa- that
unconditionally, the operation presently tion is being transferred from the
memory, being undertaken by the controller must be the memory can never
receive a NAK or stopped and the controller initialized. In a 45 WAIT
signal. This is because of the in- sense, this is an emergency function
code 110 herent priority arrangement of the apparatus and because of this,
the controller must take of the present system. The memory is the action
regardless of the ready state of the highest priority device. If a unit has
asked  controller. In such event, the multiplexer memory to send it
information, then the unit 88 will generate a binary  ONE on the 50 can
expect the information at some point MYRDYS+  output lead thereof thereby
115 in time. If the unit generates a WAIT or enabling either an ACK or a
WAIT signal, NAK signal to the memory, then because  but never a NAK
signal, to be generated the memory is the highest priority device,
depending upon the state of the BDRESY- the memory could keep trying to
gain access signal which indicates whether the buffer 55 to the particular
controller which requested  is busy. If the buffer is busy, then a WAIT
120 the data transfer and could hang up the  signal is generated, and if
not, the ACK bus, i.e. it could because the memory is signal will be
generated. By way of ex- the highest priority device, cause the bus ample,
the central processor may generate to effectively disable further data
transfers this all binary ZEROS or emergency code in 60 until the data is
accepted by the particular the function field if for example two seconds
125 controller which had previously asked for have elapsed and no response
has been it. Thus only an acknowledge signal can  received from  the device
addressed.  It be made in response to a request from  should be understood
however that the par- memory to accept data. A controller how- ticular
device addressed is the only one 65 ever is allowed to generate a NAK or
WAIT  affected and the other  three devices may 130    12
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and accordingly  If the memory reference signal (BSMREF+) this is not a
clearing of the whole system  is a binary ONE, and the address compared
connected to the particular controller. Thus. by switch 42 generates all
binary ONES at the only reason why the response to the the output of switch
42. then NAND gate 5 emergency function code is dependent upon  43 will be
fully enabled to provide a binary 70 whether or not the buffer is busy is
to  ZERO  signal and the MYMADD- line 



insure that any one of the other three  which is received at one input of
each of the devices connected to this particular con- three NOR  gates 44,
45 and 46 which troller and which has information in such  are utilized to
generate the NAK, WAIT 10 commonly shared buffer, has ample oppor- and ACK
signals respectively. The memory 75 tunity to save that information.
cannot be addressed unless in fact the In  summary,  the   NAK    signal
BSMREF+ signal is in the correct binary (BSNAKR-) is generated via driver
92 As indicated, the addressed bits are re- from the respective D-type
flip-flop  of ceived at the inputs of parity checker 47 80 15 element 79,
by the full enabling of gate which in addition receives the BSAPOO+ 74, and
when BSDCND+ signal clocks such  bit which is the address parity received
over flip-flop. Gate 74 is fully enabled when the   the  bus. Parity
checker 47 makes a nine channel number is received, the device ad- dress
provides an indication that it is in fact bit parity check and generates at
its Q 20 installed, that such device is not ready  output, a signal
labelled MYMADP-, 85 and that this is not a second half bus cycle. which if
a binary ZERO partially enables The WAIT signal (BSWAIT-) is provided  the
gates 44, 45 and 46, thereby indicating on the bus via driver 91 from its
D-type  that the parity is correct. flip-flop included in element 79 when
gate    A third input to the gates 44, 45 and 25 75 is fully enabled. Gate
75 is fully enabled  46 is received from  the multiplexer 48 90 when the
channel number is received, the  which is analogous to multiplexer 77 of
device address provides an indication that Figure 9.  Multiplexer 48
receives by it is in fact installed and that it is in fact way  of example
four  inputs  labelled ready, that there is an indication that this MYMOSA-
through MYMOSD- which 30 is not a second half bus cycle and that indicate
whether or not any one or all of 95 the buffer is busy.  The acknowledge
the memory modules connected to this par- (BSACKR-) signal is provided on
the bus ticular controller are actually present in the by means of driver
90 in response to the  system. This allows a memory to either D-type
flip-flop included in element 79  have a full memory module array or allows
35 when gate 76 is fully enabled. Gate 76 is it to have a partial array,
that is, only one 100 fully enabled when the correct channel num- of such
memory modules may be connected ber is received. an indication that the
device  in the system. These four memory modules address as installed is
provided that such  are further addressed and via multiplexer device
addressed is in fact ready and that 48 are tested to determine if they are
in- 40 the buffer is not busy. However. should a  stalled by means of the
two bus address 105 second half ready cycle signal be received. signals
BSAD08+ and BSAD09+. then an ACK acknowledge signal will be    Thus, for
differently configured systems, generated independent of whether or not the
there may be one memory module con- buffer is busy or not. Each of the
flip-flops  nected to one particular memory controller 45 in element 79 is
cleared in response to the  and there may be two such modules con- 110
BSDCNB- signal received from the output nected to another such controller
and in fact of gate 26 shown in Figure 8. via inverter the different memory
modules connected to 89.                                     the different
controllers may be of different Having described a typical controller's
types. For example, in this manner a semi- 50 address logic, such as
controller's 210 or conductor memory may be connected to one 115 214. as
well as controller 212, typical address  controller whereas a magnetic core
memory logic for a memory controller shall now be  may be connected to
another. Further, dif- discussed. The memory controller logic of ferent
size, i.e., more or less storage capacity Figure 10 is in many ways similar
to the  memory modules may be used. Further, by 55 logic of Figure 9. The
address signal re- arranging the memory modules in different 120 ceived by
element 40 from  the bus. is controllers, then different speed memories
transferred  as the bus address signals may be used thereby increasing the
speed of BSAD00+ through BSAD07+ in the format system response. Also, for
any given con- as shown in Figure 2. The address signals troller there is
normally only a given power 60 from receivers 40 are also received at the
support and timing capability and in the 125 inputs of parity checker 47 to
be hereinafter normal case, that controller establishes the described.  The
address signals from  re- personality of the memories that may con- ceiver
40 and also those at the output of in- nect to it.  Accordingly, for
example, if verters 41 are received by a switch 42 in  there are different
types of memory speeds 65 the same manner as indicated for Figure 9. or
different types of timing required such 130    13
1 541276                                       13 as for example between
core and semi- and MYMOSB- signals. The other con- conductor memory, then a
different control- troller would utilize the other two memory ler must be
utilized for each type. Further, module positions, the presence of which by
use of different controllers, the memories  would be indicated by the
MYMOSC- 5 can be run faster since in fact they can be and MYMOSD- signals.
Thus, these two 70 run essentially parallel in time with each  controllers
appear in the system as if they 



other, even though they are connected to  were one controller. By way of
further the same bus, however, only one transfer can  example, one such
controller may have take place at a time on a bus, the point simply 8,000
words of one such memory 10 being that the information will be ready
coupled therewith in the form  of one 75 in the memory without any access
time re- module, whereas the other memory module quired since in fact that
access time has  with the same address may have coupled already taken
place.                    therewith up to three such memory modules in the
other three positions to accordingly As indicated hereinbefore, each
controller provide 24,000 words of memory storage. 80 15 whether it be for
memory or another peri- This arrangement need not necessarily be pheral
device generally has its own specific  limited to different types of
memories, but address. Thus, for different memory con- in fact may address
the problem of defective trollers having a full complement of memory
memory modules coupled with a controller. modules  connected  thereto,
contiguous For example, a redundant memory module 85 20 memory addresses
may be provided. More  may be provided coupled with another con-
specifically, assuming that each  memory troller whose device address may
be set as controller has four memory modules coupled  may be appropriate
upon detection of a thereto. and that each such module has the  failure in
such memory module. capability of about 8.000 words of storage,   Referring
again to the enabling of gates 90 25 then each such memory controller will
be 44, 45 and 46, each of such gates in order able to provide access to
32,000 words of to be enabled and allow a response from storage. With a
full 32,000 words of storage this particular memory controller, must re-
coupled in the system for each memory con- ceive its memory controller's
address, an troller, the addresses of the memories are indication that the
module addressed exists 95 30 contiguous. Form the operations point of in
the system, and that the address parity view, contiguous memory address is
im- is correct, as indicated by parity checker 47. portant not only for
purposes of system  The other inputs to the NOR gates are ser- addressing,
but also for increased response viced from a combination of busy logic and
in the system. As mentioned before, typic- lock history logic as presently
described.   100 35 ally the memory controller can only provide   The
memory controller busy signal is pro- service for a memory of a certain
charac- vided by flip-flop 48 and indicates that any teristic, i.e. a
magnetic core memory cannot one of the memory modules connected to be
coupled to the same memory controller this controller is in fact busy. This
D-type as a semiconductor memory because of the flip-flop 49 is clocked by
the BSDCNN+ 105 40 basic timing differences associated therewith. signal.
If a memory module is busy, then The same is normally true for memories of
a WAIT signal will be generated. Thus, different speeds or power
requirements. Thus, assuming again that each memory if the MYBUSY- signal
at the Q output controller may provide service for 32,000 of flip-flop 49
is a binary ZERO, this en- 45 words of memory, if only 16,000 words of
ables. if the other conditions are met  gate 110 memory are to be used for
low  speed  45 to be fully enabled and to set the asso- memory and another
16,000 words are to be  ciated flip-flop in element 56, it being noted used
for high speed memory, this means that this is done when the BSDCND+ sig-
that two memory controllers must be used. nal is received at the clock
input of element 50 However, this would typically mean  that 56. At this
point it is noted that this flip-flop 115 the memory addresses between the
high  element 56 is cleared via inverter 63 when speed and the low speed
memory would  the BSDCNB- signal is received as was not be contiguous
because the memory con- the operation for element 79 of Figure 9. troller
addresses are 32,000 words apart. In  The acknowledge signal will be
generated 55 this case, it is possible to provide contiguous when a binary
ZERO is generated at the Q 120 memory addresses by allowing both of the
output of flip-flop 49 as indicated by the memory controllers to have the
same ad- MYBUSY+  signal coupled to one input dress. However, this would
also mean that of gate 46. It is again noted that the WAIT the respective
memory module positions of signal means that there will be a very short 60
the two controllers could not be both occu- delay since the memory is still
busy.  125 pied in the same location in each such    The  other  condition
which indicates controller. More specifically, the first con- which of the
ACK, NAK or WAIT signals is troller would utilize two 8,000 word storage to
be generated, is the lock signal which as locations in memory module
positions A  indicated hereinbefore comprises a multi 65 and B as indicated
by the MYMOSA-  cycle bus transfer whereby a device can 130    14
1 541 276                                      14 access a specific memory
location without resource by means of a test and lock pro- any other locked
unit being able to break  cedure and to unlock the shared resource into the
operation. The effect of this locked  when it has completed its locked
operation. operation is to extend the busy condition of   Thus as can be
seen by Figure 10, a lock 5 the memory controller beyond the comp-  history
flip-flop 50 is provided, which if set 70 



pletion of a single cycle for certain kinds  indicates that a locked
operation is in pro- 70 of operations. Devices attempting to initiate
cess, thereby enabling a NAK signal to be a lock operation before the last
cycle of the  issued  to a requesting unit via driver 59. sequence is
complete will receive a NAK 10 signal. The memory will however still re-
Assuming that the logic of Figure 10 re- spond to a memory request as shall
be pre- presents the bus 200 interface logic for the 75 shared  resource,
the  BSLOCK+  signal sently explained.   is noted tat the inter-  (binary
ONE state) is received by both AND vening time between these cycles may be
gate 52 and flip-flop D3 of element 56. used by  other units not involved
in the  Element 56 thereby generates a MYLOCK+ 15 transfer.      A   locked
operation  is used  signal which is received at one input of 80 primarily
where it is desirable for two or AND gate 51. If the lock history flip-flop
more units or devices to share the same  is not set, the NAKHIS+ signal
will be a resource, such as memory for example. The  binary ZERO thereby,
independent of the locked operation, which can include any  state of the
other two inputs to gate 52, 20 number of bus cycles, is unlocked by the
generating a binary ZERO at one input of 85 particular unit or device which
has had con- gate 46. If all inputs of gate 46 receive a trol of the shared
resource. While the shared  binary ZERO, thereby indicating that the
resource is locked, other units desiring to  current address for this unit
and device were access the shared resource will be locked received, and
that the common element or 25 out if such other units present the lock
buffer is not busy, then an ACK signal will 90 control signal. If the lock
control signal is be generated via element 56 and driver 61 not presented,
it is possible for such other in response to the BSLOCK+ signaL  The unit
to gain access to the shared resource ACK signal will fully enable AND gate
51 such as for example to process an urgent to set the history flip-flop 50
in response to 30 request. or procedure. Before any unit pre- the binary
ONE state of the BSSHBC- 95 senting the lock control  signal gains access
signal at the D input thereof which is re- to the shared resource, it tests
the resource  ceived with the binary ONE state of the to see whether it is
involved in a locked  BSLOCK +  signal at the commencement operation and
then during the same bus  of the locked operation. Thus, a test and 35
cycle, if the resource is not involved in a  lock operation is performed
during the same 100 locked operation, it may gain access to the  bus cycle.
resource.                                  If flip-flop 50 had already been
set at the Thus, it can be seen that the locked opera-  time of receipt of
the binary ONE state tion for sharing a resource is one that is of the
BSLOCK+ and BSSHBC- signals. 40 effective between those units which issue
then a binary ONE signal will be generated 105 the appropriate controls,
i.e., the lock con- at the output of AND gate 52 thereby gener- trol
signal, and may be used  for example in  ating a binary ZERO state at the
output of sharing a portion of memory in which       inverter 58 so as to
enable AND gate 44. table of information may be stored. Further, all other
conditions having been met, to 45 if one of the units desires to change
infor- generate the NAK signal. Thus, the test 110 mation in the shared
resource, other units  and lock operation would have produced a may be
locked out so that they do not gain  NAK response inhibiting another unit
from access to only partially changed informa-  using the shared resource.
tion, but rather are allowed access only after    Once the unit using the
shared resource is 50 all such changes have been made. A read  through with
its operation, it must unlock 115 modify write operation may be involved in
the resource. This is done by receipt from such case. By use of the locked
operation, the user unit of the binary ONE state of it can be seen that a
multiprocessing system  the BSLOCK + signal and the binary ZERO may be
supported. For example, with two  state of the BSSHBC- signal. This enables
55 central processing units connected to the  the logic of Figure 10 to
provide an ACK 120 same bus 200, both may share the memory  response,
enabling gate 51 and thereby effec- units connected to the bus without
inter- tively resetting history flip-flop 50 because ference if the locked
operation is used.  of the binary ZERO state of the BSSBC- It is noted that
the BSSHBC- signal for signal. The shared resource is now free to 60 the
locked operation, as shall be seen, is make an ACK response to other units.
125 used in a somewhat different manner than    It can be seen that the
shared resource has beet heretofore discussed. During the  will only lock
out other units which present locked operation, the BSSHBC- signal is  the
binary ONE state of the BSLOCK+ issued by the unit attempting to share a
signal. If a unit, for example, desires to 65 resource both to gain access
to the shared  gain access to a shared resource which had 130    15
1 541 276 its history flip-f1op set so that the NAKHIS +  same bus cycle in
the state which generates signal is a binary ONE, then, if the  an ACK
condition. Thus, both responses BSLOCK + signal is a binary ZERO, the
would be made during the same bus cycle output of AND gate 52 will be a
binary  which would thus be an error condition. By 



5 ZERO, thereby disabling a NAK response  use of history flip-flop 49, the
response is 70 and enabling, dependent upon other condi- fixed as to the
condition which the con- tions, either a WAIT or ACK  response. troller was
in at the time the BSDCNN+ Thus, a unit may gain access to a shared  signal
is received, thereby allowing an asyn- resource even though it is involved
in a  chronous response and regardless of the 10 locked operation.
tolerance or difference in memory speed. 75 Thus, it can be seen that the
generation    Now referring to the typical central pro- of a WAIT signal
from  any one of the  cessor bus coupling logic of Figure 11, the
controllers allows a device or controller of signals are received from the
bus by means higher priority to break into the sequence  of the receivers
included in element 99. The 15 of the bus cycles and use the bus as neces-
memory reference signal BSMREF- is re- 80 sary. If there is not a higher
priority unit ceived by one of such receivers and inverted which is
requesting service, the particular by means of inverter 100 and provided to
master/slave arrangement will be maintained  one input of comparator 103 so
as to enable until the acknowledge is received by the  such comparator if
the address being re- 20 master thereby ending the WAIT condition. ceived
is not a memory address. One of 85 Following this, another user is allowed
to  the inputs for comparison by comparator use the bus. Thus, the BSDCN +
signal 103 is the data processor address bits which allows a slave to
generate any one of three  in this case by way of example are four in
responses, either the NAK, WAIT or ACK  number and are indicated as the
BSAD14+ 25 signals. At the end of any one of these  through BSAD17+
signals. This address 90 responses, a new priority net cycle occurs
received at one input of comparator 103 is and this particular device gains
access to  compared with the address set by for ex- the bus or another
higher priority device  ample the hexadecimal switch 101 in the wins the
bus. It should be understood at data processor itself. When the received 30
this point that signal states on the bus are  address and the switch 101
provided address 95 the inverse in binary state to those signals are
compared and found to be equal, then shown internal to the units. For
example, comparator 103 generates ITSMEA+ signal the memory reference
signal is referred to  which partially enables gates 106 and 107. on the
bus. between for example drivers   Further address bits BSAD08+ through 35
59, 60 or 61 and receivers 40, to be in one  BSAD13 +  are received at the
inputs of 100 state and in the opposite state in the con- trollers
themselves.  Further. as indicated  comparator 104 which determines whether
hereinbefore. a fourth response between any  or not these bits are all
ZEROS. If they of the controllers connected on the bus is  area ll ZEROS,
then the ITSMEB+ signal 40 that there is no response at all. Thus, If is
generated to also partially enable gates one of the masters is calling for
service from   106 and 107. Enabling of a further input  105 the memory and
this memory is noti    of either of gates 106 or 107 will effectively
stalled in the system, a time out element, set a respective flip-flop in
element 113. well known in the art, will generate a signal The other input
to gate 106 is a second 45 after a certain period of time, such as for half
bus cycle BSSBC+ signal which is example five microseconds, thereby
generat- coupled to gate 106 via inverter 116. The 110 ing a NAK signal. At
that point, a central second half bus cycle is also received at one
processor may take action such as by an  input of AND gate 109. The other
input interrupt or trap routine.               to gate 109 is from the Q
output of the second half read history flip-flop 110. The 50  Referring
again to the operation of the  second half read history flip-flop is
utilized 115 memory busy flip-flop 49, the data input is to remember that
the data processor issued coupled to receive the MASBSY+  signal its
MYDCNN+ signal, i.e., the setting of which is asynchronous to the bus
operation. this device's grant flip-flop 22, and that the This signal may
be received at any time  central processor also sent the signal en- 55
regardless of the operation which is occur- titled MYWRIT-, which implies
that the 120 ring on the bus for any controller. When  data processor is
expecting a response cycle the BSDCNN+ signal is received from the  from
the slave. Thus with such a two cycle master at the clock input of
flip-flop 49, a  operation, the second such cycle presents history is
stored as to the state of the  the expected data to the central processor,
60 memory, i.e. whether it is busy or not at and the flip-flop 110 will
identify this data 125 that time. Thus. this eliminates confusion in  as
being that which the central processor re- the response to the bus cycle.
Without the  quested by the fact that the history flip-fop history
retension provided by flip-flop 49, 110 has generated the MYSHRH+ signal it
would be possible to start out the bus at the Q output thereof. Flip-flop
110 is re- 65 eyble in a WAIT condition and end up the set via NOR gate 111
if the bus clear signal 130    16                                       1
541276                                      16 BSMCLR+ is received or if
the second  to the D input of both flip-flops 120 and half bus cycle has
been completed as indi- 121. it being noted that the D input of flip- cated
by the MYSHRC+  signal.  The flop 120 is an inversion. If the A signal is 



MYSHRC+ signal is derived from one of equal to or greater than the B signal
as 5 the outputs of element 113 to be hereinafter indicated by comparator
117. then a binary 70 discussed.                              ZERO  signal
will be generated for the Thus AND gate 107 will be fully enabled  LVLBLS+
signal which will be received if two of the inputs thereto indicate that
this at the negation input of flip-flop 120. This is the addressed device,
and the indication  will generate the NAK  signal if the 10 from the other
input thereof is there has MYINTR+ signal is received at the clock 75 been
a second half bus cycle as indicated  input of flip-flop 120 by the setting
of the via AND gate 109 from history flip-flop  respective flip-flop in
element 113. If the 110. Thus, by the enabling of AND gate  level was
sufficient, i.e. if the A input was 107 the MYSHRC- signal will be
generated  less than the B input as indicated by com- 15 and will be
coupled to one input of NOR  parator 117, then a binary ONE will be 80 gate
114. NOR gate 114 will provide an  generated  at the LVLBLS+  signal and
ACK signal, (BSACKR-) via driver 115.   accordingly the MYINTR+  signal
will Gate 106 will be fully enabled when the clock this to the Q output of
flip-flop 121 proper unit address is received and if this into one input of
NOR gate 114 which via 20 is not a second half bus cycle, which  driver 115
will generate the ACK signal. 85 thereby generates a positive pulse
labelled  Thus if the MYNAKR+ signal is a binary as the MYINTR+ signal at
the output of ONE, then the NAK signal will be generated the respective
flip-flop included in element and if the MYINTF- signal is a binary 113.
The  MYINTR+  signal causes the ZERO, an ACK signal will be generated. 25
logic of Figure 11 to determine whether or The flip-flops in element 113
are clocked and 90 not an ACK or a NACK signal will be cleared by inverter
125 in the same manner generated. Which one of such signals is as
previously discussed for similar flip-flop generated will depend on the
interrupt level type elements. It should be noted that an that is presently
operating in the system as ACK signal will be generated independent 30
compared to the interrupt level of the device of the indication by
comparator 117, if in 95 seeking processing time.                fact this
is the second part of the second This decision regarding whether or not the
half  bus cycle.  In  such  event, the interrupt level is sufficient is
determined  MYSHRC- signal in one of the flip-flops by means. of comparator
117, which is a of element 113 is coupled in the binary 35 comparator for
determining whether or not ZERO state to the other input of NOR 100 the A
input is less than the B input. The  gate 114 so as to generate the ACK
signal A  input of comparator 117 receives the  thereby  overriding any
indication from BSDTl0+  through  BSDTl5+   signals flip-flop 121. which
indicate in the format shown in    As indicated hereinbefore, the BSDGNB-
40 Figure 5, the interrupt level of the device signal via inverter 125
resets flip-flop 121 105 coupled with the bus which is seeking data and in
addition sets flip-flop 120, thereby processing time. There are a plurality
of initializing the flip-flops following the bus interrupt levels provided
in  the system. cycle. In addition, flip-flop 120 is reset by Interrupt
number level 0 receives the highest the logic associated with flip-flop 127
which 45 possible accessability to data processing generates a BTIMOT-
signal indicating a 110 time and accordingly is non-interruptable. time out
condition, i.e., that a non-existent Thus the lower the interrupt level
number, device was addressed and that in fact no the less chance there is
that such device's response, neither a NAK, an ACK or a ongoing processing
will be interrupted. Thus WAIT has been generated by any potential 50 if
the level number received at the A input slave device. Accordingly, there
is provided 115 of comparator 117 is less than the current a one-shot
multivibrator 126 which may be level operating in the data processor as set
to have a five microsecond period for indicated by the level number in
block 118, example. This multivibrator 126 is triggered then the device
seeking to interrupt as in- by the receipt of the BSDCND+ signal, 55
dicated by  the signal received at input A  i.e. the strobe signal, which
is received at 120 will in fact be able to do so. If the A input the input
of buffer 119. Since the timing is equal or greater than the B input, then
of the multivibrator 126 is in motion, if a the LVBLS+ signal will not be
generated  BSDCNB+  signal is not received which and a NAK signal will be
provided by the  signal indicates the end of the bus cycle, 60 driver 108
and flip-flop 120, as shall be here- then after the period set by
multivibrator 125 inafter described.                      126, the BTIMOT-
signal is generated at Thus if the interrupt level received at the Q output
of flip-flop 127 via the clock- input A of comparator 117 is less than that
ing of the BSDCNN + signal received at the received at input B, the LVLBLS+
signal D input of flip-flop 127, it being noted that 65 will be a binary
ONE and will be coupled  the VSDCNN+  signal indicates that the 130    17
1 541276                                      17 bus cycle is still in
process. The BTIMOT-  leads.  The requesting device then com- signal
operates on flip-flop 120 to generate  pares its address, i.e., its address
trans- a NAK signal. If on the other hand, the  ferred on the data leads
with the address 



BSDCNB+  signal terminates before the  now received on the address leads,
and if 5 end of the period set by multivibrator 126, they compare, this
insures that in fact at '70 the timing of multivibrator 126 is terminated
least its device address was received pro- and flip-flop 127 is prevented
from generat- perly by the slave and that in addition, if ing the signal
BTIMOT-.                  the opcode is also received back. the op- It is
noted that the data processor logic  code was received satisfactorily.
Thus. for 10 in Figure 11 generates either a NAK or sixteen bits of
information as shown in the 75 ACK  signal, however, a WAIT signal is
format of Figure 4, up to two parity bits not so generated by the data
processor logic. are eliminated while maintaining the in- The reason for
this is that the data pro-  tegrity of the data transfers in the system.
cessor always has the lowest priority and    Now  referring to Figure 12,
the re- 15 accordingly, if it generates a WAIT signal, dundancy check for
ensuring the integrity of 80 the other devices generating their reqests to
the data  transfers is more particularly the data processor for service
will possibly  shown.  By way of example, Figure 12, experience a hang up
on the bus, if for ex-  specifically illustrates the manner in which ample
a higher priority device was the  this redundancy check is provided when
the 20 master to which the central processor re- data processor is
requesting  information 85 sponded with a WAIT signal. Thus, just from the
memory. More specifically, when because the higher priority device is
waiting  the master in this case, central processor for the lowest priority
device, i.e., the cen- 206, desires to read information from a tral
processor, other devices will be disabled  memory 202, which in this case
is the slave, 25 from using the bus.                      then the master
will transmit the memory 90 In further explanation of the present sys- byte
address in the format of Figure 2 over tem. it can be seen that the
integrity of in- the bus address leads and will also transfer formation
transferred over the bus may be  its, i.e. the central processor's channel
ad- insured without the necessity of adding a  dress number, bits zero
through nine of 30 parity bit for each byte of information  the bus data
leads, as well as its opcode or 95 transferred on the bus. This integrity
may  function code, bits ten through fifteen of be provided for any units
which transfer the bus data leads.  The information on information
therebetween.  More  par- the bus address and data leads will be re-
ticularly, this may be facilitated in those cases ceived by the slave and
in response to the 35 where a master unit in its request expects a  address
on the bus address leads, will access 100 response from a slave unit. Thus,
the in- the data via well known  memory data tegrity of such data transfers
may be best access logic 300. The data accessed will facilitated in those
situations where two bus then be stored in register 302. The informa-
cycles are utilized in a bilateral bus transfer. tion on the bus data leads
being received 40 This is particularly advantageous for ex- by register 304
of the slave will not be 105 ample in a memory read operation wherein
stored therein unless the slave acknowledges the master requests
information from  the  this request with an ACK signal, thereby memory and,
during a later bus cycle, re- accordingly enabling register 304 to store
ceives such information. It has been found, such data. 45 for example, that
a substantial number of   The data in register 304 will not be trans- 110
data transfers occur between the memory  ferred back over the bus address
leads, nor and another device during a read operation  will the data from
register 302 be transferred which requires two bus cycles and accord- over
the bus data leads, until in fact the ingly the data integrity feature of
the system  memory gains access to the bus via its SO is particularly
important in such case.  priority logic by the setting of its grant flip-
115 Basically, the integrity apparatus takes flop 22 as shown in Figure 8,
thereby advantage of the fact that when a master generating its MYDCNN+
signal. Thus, addresses another unit, which may be for with the MYDCNN+
signal generated, a example a memory or a tape or disk peri- gate 306 and a
gate 308 are enabled to re- 5' pheral unit, for information, the master
spectively transfer the data over the data 120 places the address of the
slave unit on the  leads to the master's receivers 99 for use by address
leads on the bus and its own address the master, and via buffer 310
information and function code on the data leads of the  over the bus
address leads to the master's bus. When the slave responds, and in so
receiving logic. 60 responding is the master, the slave then    Basically
only  the bits eight through 125 places the requesting unit's address on
the  twenty-three which comprise sixteen bits are address leads and the
data on the data leads. used since this is the information which Thus, the
requesting unit's address is re- can be verified by the master in order to
ceived back on address leads as opposed to  insure the integrity of the
data transfers. 65' the transfer thereof initially on the data  This is
because in fact that particular in- 130    8
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transferred from the master  bits BSADOO+ through BSAD07+. Thus, to the
slave over the data leads and is now  only the memory module whose
controller being received on the address leads. Thus, is addressed will
respond. Therefore, as can 



the channel number of the destination in  be seen for the normal case,
memory con- 5 accordance with the format of Figure 3 is troller 204 has
connected to its positions A, 70 received by comparators 103 and 104 of the
B. C  and D, memory module A-358, logic shown in Figure 11. The function
code  memory module B-360, memory module which was .in bit locations
eighteen to  C-362, and memory module D-364.  If twenty-three'of the format
shown in Figure  memory controller 204 is addressed and the 10 3 is
received by comparator 312. If this two bit sub-address designates for
example 75 information received by comparator 312  module C-362, then
module C will respond. compares .with the last function code 314    As
indicated hereinbefore, if there should sent by the master in the function
code bits be a mix in memory types as indicated by ten through fifteen of
the format of Figure  the above-mentioned characteristics for ex- 15 4,
then an enable signal is generated allow- ample, and should such mix be
less than the 80 ing the system to perform its normal opera- full memory
controller complement which tion. Alternately, the function code re- was
previously given by way of example as ceived back may simply be checked to
be  32,000 words of storage, wherein  each sure it is a legal and valid
code. If com-  module contains 8,000 words of storage, then 20 parators 103
and 104 indicate an equal con-  contiguous memory addresses will not be 85
dition as shown more specifically with re- available, since address space
of 32,000 spect to Figure 11, then gate 107. also shown  words of memory
must be left available in Figure 1.1, will enable the ACK acknow- for each
memory controller in order to be ledge signal. Gate 107's other input will
able to increase the memory capacity of the 25 have been set by the
previous setting of the  system at a later date. As shall be seen in 90
second half read history flip-flop 110 as well Figure 13, it is possible to
utilize only a as the indication received from the slave  portion of each
of such memory controllers that this is the completion of the second  in
order to provide such contiguous address- half bus cycle as indicated by
the signal ing. 30 BSSHBC+ received at the other input of   Thus, referring
to Figure 13, and assum- 95 gate 109. Gate 109's output then fully en- ing
that module A-350 and module B-352 ables gate 107. Thus, it can be seen
that are of one memory type and that module comparators 312, 103 and 104 as
well as the  C-354 and module D-356 are of a different associated logic
shown in Figure 12 coupled  memory type, then memory controller 202 35 to
the address leads of the bus, effectively  may be connected to control the
access of 100 provide a comparator which compares the modules A and B and
memory controller information previously sent by the master 203 may be
connected to control the access on the data leads and the information re-
of modules C  and D.  In  such  case ceived back from the slave on the
address memory controller 202 and memory con- 40 leads, thereby
substantially insuring the in- troller 203 will have the same address. In
105 tegrity of both data transfers and eliminat- such configuration, the
positions C and D of ing a need for extra parity bits.       controller 202
and positions A and B of The manner in which the apparatus of the
controller 203 will not be available for use present system enables the
addressing of con- unless the system is completely reconfigured. 45 tiguous
memory space, independent of the Thus, when both memory controllers 202 110
mix of memory types based on speed, type, and 203 see their address. i.e.,
the same i.e., magnetic core or semiconductor. and  address then they will
both seek to respond, other characteristics, is more particularly
dependent however upon which module A, explained with respect to Figure 13.
The  D, C or D is addressed by the two module 50 bus 200 is shown coupled
to memory con- address bits BSAD08 + and BSADO9+ re- 115 trollers 202, 203,
204, as well as the other ceived on bus 200. Thus only one controller
controllers such as  controller 210 and the  202 or 203 will respond
dependent upon central processor 206. As discussed herein- which of the
modules is addressed. before, by way of example, each memory    The above
was by way of illustration, 55 controller is capable of addressing memory
only, it being understood that for example 120 modules up to four in
number. . These  more than four such modules may have been modules may be
connected to positions A, coupled with a given controller and by way B, C
and D of the respective memory con- of the present example, for example
control- troller. Each  memory controller receives its ler 202 may have
been connected to just 60 own address as well as the address of the one
module A and controller 203 may have 125 module associated therewith. The
module been connected to modules B. C and D in address is received as two
bits over the bus the same respective positions. It can also 200,. such
bits designated at BSAD08+ and  be seen by the present example, that if a
BSADO9+ as shown in Figure 10. The  third module was connected to position
C 65 memory controller's adress is received as of controller 202 and module
C-354 is con- 130    19                                        1 541 276
19 nected to controller 203, that if such module    A. means generating a
strobe signal en- C  was addressed and controller 202 and  abling the
transfer of information over said 203 had the same address, then both such
common bus. and 



controllers would respond in response to    B. means generating a grant
signal. 5 receipt of their identical address and the    4. A system
according to claim 1 or claim 70 module C address thereby causing an error
2 or claim  3, wherein said means asyn- condition. It has thus been seen
how con-  chronously attempting to transfer informa- tiguous addresses  may
be  obtained  in-  tion over said common bus operates in- dependent of the
memory characteristics  dependently of any control signal generated 10
coupled in the system.                      by any of said other units.
75 WHAT WE CLAIM  IS:-                         5. A system according to any
one of the 1. A data processing system comprising:   preceding claims,
wherein said units include A. a plurality of units;                  at
least a memory and a data processor, B. a common electric bus. coupled to
and wherein said memory is coupled closest 15 each of said units, for
indicating the one of to said first end and wherein said data pro- 80
asynchronous transfer of information be- cessor is coupled closest to said
second end. tween any two of said units; and              6. A system
according to claim 1, where- C. a priority network, coupled with each  in
said units include a memory, a data pro- of said units, for indicating the
one of  cessor, and at least one pripheral device con- 20 said units which
is the highest priority unit troller. each of said units having a different
85 requesting to transfer information over said  priority; and said
priority network com- bus, said priority network comprising:      prises:
(i) a priority bus having a first end and a    1. first  means  which
asynchronously second end, the one of said units coupled    generates a
first signal indicating that said 25    to said first end of said priority
bus    units is ready to transfer information over 90 having the highest
priority, the one of    said bus to another one of said units. said units
coupled to said second end    2. first indicating means, response to said
of said priority bus having the lowest   first signal, which indicates on
said bus by priority, and the other ones of said   the generation of a
second signal, that 30    units having a priority relative to their   said
unit is ready to transfer information 95 proximity to said first and second
ends    over said bus to another one of said units, of said priority bus,
and                  3. second indicating means which indi- (ii) priority
logic, included in each of said    cates whether any higher priority unit
units, said priority logic having         than said unit requesting to
transfer in- 35    a. means which asynchronously registers   formation over
said bus is also requesting 100 request to transfer information over   to
transfer information over said bus; said common bus, and
4. first logic means, coupled with said first b. means which enables said
transfer of    and second means for indicating, which information in
response to said re-    generates a third signal if no other priority 40
quest if there is no other unit of    unit is also requesting to transfer
informa- 105 higher  priority  signalled  on  said   tion over said bus;
priority bus as currently  transfer-    5. second means, responsive to said
third ring or attempting to transfer infor-   signal, which generates a
fourth signal on mation over said common bus.            said bus
indicating that said unit request- 45   2. A system according to claim 1
wherein   ing to transfer information over said bus 110 said priority logic
comprises:                is the only one of said units presently A. first
means, internal to a respective    allowed to so transfer information over
unit. which asynchronously indicates that    said bus, and the respective
unit desires to transfer in-    6. second logic means, responsive to said
50 formation over said common bus;               signals on said bus
indicating that other 115 B. second means, responsive to said first   said
units are transferring information means. which indicates, by means of said
over said bus or have a higher priority priority bus to each of said units
connected    over said unit; and wherein said first and to said network,
that the respective unit is   second means for generating, said first 55
attempting to transfer information over said    and second means for
indicating, and said 120 common bus, and
first and second logic means are included C. third means, responsive to
said second    in each of said units. means and an indication that there is
cur-    7. A system according to claim 6, further rently no other higher
priority unit trans-  comprising means, in each of said units and 60
ferring or attempting to transfer information  responsive to said fourth
signal, generating a 125 over said common bus. which enables the  strobe
signal which enables the transfer of respective unit to transfer
information over  information over said bus from said device said common
bus.                            generating said fourth signal. 3. A system
according to claim 2 wherein    8. A system according to claim 6 or claim
65 said third means comprises:                 7, wherein said second means
for indicating 130    19                                       1 541 276
19 nected to controller 203, that if such module    A. means generating a
strobe signal en- C  was addressed and controller 202 and  abling the
transfer of information over said 203 bad the same address, then both such
common bus. and 



controllers would respond in response to    B. means generating a grant
signal. 5 receipt of their identical address and the    4. A system
according to claim 1 or claim 70 module C address thereby causing an error
2 or claim  3, wherein said means asyn- condition. It has thus been seen
how con- chronously attempting to transfer informa- tiguous addresses may
be obtained  in-  tion over said common bus operates in- dependent of the
memory characteristics  dependently of any control signal generated 10
coupled in the system.                     by any of said other units.
75 WHAT WE CLAIM  IS:-                        5. A system according to any
one of the 1. A data processing system comprising:   preceding claims,
wherein said units include A. a plurality of units;                 at
least a memory and a data processor, B. a common electric bus, coupled to
and wherein said memory is coupled closest 15 each of said units, for
indicating the one of to said first end and wherein said data pro- 80
asynchronous transfer of information be- cessor is coupled closest to said
second end. tween any two of said units; and             6. A system
according to claim 1, where- C. a priority network, coupled with each  in
said units include a memory, a data pro- of said units, for indicating the
one of  cessor, and at least one pripheral device con- 20 said units which
is the highest priority unit troller, each of said units having a different
85 requesting to transfer information over said  priority; and said
priority network com- bus, said priority network comprising:     prises:
(i) a priority bus having a first end and a    1. first  means  which
asynchronously second end, the one of said units coupled    generates a
first signal indicating that said 25    to said first end of said priority
bus    units is ready to transfer information over 90 having the highest
priority, the one of    said bus to another one of said units. said units
coupled to said second end    2. first indicating means, response to said *
of said priority bus having the lowest   first signal, which indicates on
said bus by priority, and the other ones of said   the generation of a
second signal, that 30    units having a priority relative to their   said
unit is ready to transfer information 95 proximity to said first and second
ends    over said bus to another one of said units, of said priority bus,
and                3. second indicating means which indi- (ii) priority
logic, included in each of said    cates whether any higher priority unit
units, said priority logic having        than said unit requesting to
transfer in- 35    a. means which asynchronously registers   formation over
said bus is also requesting 100 request to transfer information over   to
transfer information over said bus; said common bus, and
4. first logic means, coupled with said first b. means which enables said
transfer of    and second means for indicating, which information in
response to said re-    generates a third signal if no other priority 40
quest if there is no other unit of    unit is also requesting to transfer
informa- 105 higher priority  signalled  on  said   tion over said bus;
priority bus as currently  transfer-   5. second means, responsive to said
third ring or attempting to transfer infor-   signal, which generates a
fourth signal on mation over said common bus.           said bus indicating
that said unit request- 45   2. A system according to claim 1 wherein   ing
to transfer information over said bus 110 said priority logic comprises:
is the only one of said units presently A. first means, internal to a
respective    allowed to so transfer information over unit, which
asynchronously indicates that   said bus, and the respective unit desires
to transfer in-    6. second logic means, responsive to said 50 formation
over said common bus;              signals on said bus indicating that
other 115 B. second means, responsive to said first   said units are
transferring information means, which indicates, by means of said    over
said bus or have a higher priority priority bus to each of said units
connected    over said unit; and wherein said first and to said network,
that the respective unit is   second means for generating, said first 55
attempting to transfer information over said    and second means for
indicating, and said 120 common bus, and                              first
and second logic means are included C. third means, responsive to said
second    in each of said units. means and an indication that there is cur-
7. A system according to claim 6, further rently no other higher priority
unit trans- comprising means, in each of said units and 60 ferring or
attempting to transfer information  responsive to said fourth signal,
generating a 125 over said common bus, which enables the  strobe signal
which enables the transfer of respective unit to transfer information over
information over said bus from said device said common bus.
generating said fourth signal. 3. A system according to claim 2 wherein
8. A system according to claim 6 or claim 65 said third means comprises:
7, wherein said second means for indicating 130    20
1 541276                                               20 includes means
determining whether any    A. first bistable means asynchronously in-
higher priority unit is requesting to transfer  dicating that a
representative unit is ready information over said bus independent of  to
transfer information over said bus: 



any control signal generated by any unit.      B. second bistable means,
responsive to 5   9. A system according to claim 1, where-  said first
bistable means. generating a first 70 in said priority logic comprises:
signal on said bus indicating to each of A. means receiving a priority
signal from   said units that said representative unit is at least one unit
having higher priority, ex-  ready to transfer information over said bus:
cept that one of said units closest to said    C. means receiving said
first signal from 10 first end, said one of said units closest to  said
bus;                                 75 said first end coupled to receive
said priority    D. means, responsive to said received first signal from a
priority signal source;        signal, disabling said second bistable means
B. means, responsive to said priority sig-  from  generating said first
signal; nal, indicating that the priority signal re-    E. means indicating
whether any higher 15 ceiving unit is the highest priority unit which
priority unit than said representative unit is 80 may transfer information
over said bus:    ready to transfer information over said bus; C. means
asynchronously indicating that    F. third bistable means, responsive to
said said priority signal receiving unit has gener-  first signal generated
by said second bistable ated a request signal indicating that it is  means
and an indication that there is no 20 requesting to transfer information
over said  other higher priority unit ready to transfer 85 bus;
information over said  bus. generating a D. means, responsive to said
request sig-  second signal on said bus; and nal, inhibiting said priority
signal from be-    G. means responsive to the receipt of ing received by
units of lower priority than  said second signal from said bus generating
25 the priority signal receiving unit; and      a strobe signal for
enabling the transfer of 90 E. means, responsive to said request sig-
information from  said representative unit. nal and said priority signal,
independent of    14. A system according to claim  1 com- the operation or
generation of any other  prising: signal by any of said units, transferring
A. means, included in each of said units, 30 information over said bus to
another unit. asynchronously generating a transfer cycle 95 10. A   system
according  to  claim  9, for a transfer requesting unit, independent
wherein said means for transferring com-  of the operation of each of the
other ones of prises:                                      said units, if
the requesting unit is the A. means, responsive to said request sig-
highest priority unit requesting a transfer 35 nal, generating a grant
signal:              cycle;                                     100 B.
means placing said grant signal on    B. means, included in the highest
priority said bus for receipt of said other units; and  requesting unit
enabling the transfer of in- C. means, responsive to said grant signal,
formation during the generated transfer cycle inhibiting any other unit
from  transferring  to another one of said units (receiving unit>; 49
information over said bus during the time  and
105 that the unit generating said grant signal is    C. means, included in
each or most of transferring information over said bus.      said unit,
acknowledging the receipt of in- 11. A  system  according  to  claim  10,
formation from the highest priority request- wherein said means for
transferring com-  ing unit (transferring  unit), said  means 45 prises:
acknowledging comprising                   110 A. means, responsive to said
grant signal.   1. means generating a first signal if the generating a
strobe signal- and                receiving unit receives an indication
that B. means, responsive to said strobe signal,   it is the unit to which
the transferring unit transferring information over said bus.        is
transferring the information, 50   12. A  system  according to claim  9 or
2. means generating a second signal if the 115 claim 10 or claim 11,
further comprising:      receiving unit is not busy, A. means addressing
the one of said units    3. means generating a positive acknow- which is to
be receive said information:       ledgement in response to the presence of
B. means. included in one of said units to    both said first and second
signals, and 55 be addressed, generating a response signal   4. means
generating a negative acknow- 120 in response to the receipt of the address
of   ledgement in response to the presence of the unit which is to receive
said information:    said first signal and absence of said second and
signal. C. means, responsive to the completion of    15. A system according
to claim  14. fur- 60 the transfer of information, disabling said  ther
comprising:                           125 means for inhibiting, in order to
allow fur-    A. means coupling said devices to said ther transfer of
information from  one of  receiving unit so that a transfer of informa-
said units.                                 tion with one of said devices
over said bus 13. A system according to claim 1, where-  is by means of
said receiving unit; 65 in said priority logic comprises-              B.
means, included in said receiving unit, 130    21
1 541 276                                     21 indicating, for each of
said coupled de-  one of said units, which attempts to transfer vices,
whether said devices are ready to  information to said receiving unit
receive information from said bus;          21. A  system  according to any
one of 



C means, included in said transferring  claims 14 to 20, further comprising
5 unit, enabling the transfer of information to    A. means detecting that
neither a positive 70 one of said devices coupled to said receiving
acknowledgement nor a negative acknow- unit; and
ledgement has been generated in response D. means, included in said
receiving unit, to an attempted transfer of information to generating a
positive acknowledgement only  said receiving unit; and 10 if the receiving
one of said devices is not   B. means generating a negative acknow- 75
busy.                                     ledgement after a predetermined
period of 16. A system according to claim 15, fur- time following said
attempted transfer if ther comprising:                          said means
for detecting  indicates  that A. means providing an element usable by
neither said positive nor negative acknow- 15 each of said devices coupled
with said re- ledgement were generated during said pre- 80 ceiving unit;
determined period. B. means indicating whether any one of    22. A system
according to any one of said devices is using said element; and   claims 14
to 21, further comprising: C. means, included in said receiving unit,   A.
means, included in said transferring 20 generating a quasi-negative
acknowledge- unit, indicating that a transfer of informa- 85 ment if said
element is being used by one  tion has been requested from said receiving
of said devices and if said positive acknow-  unit; and ledgement signal
would otherwise have been    B. means, included in said transferring
generated.                                unit and responsive to said
last-mentioned 25   17. A  system  according to claim  16, means for
indicating, generating a negative 90 wherein said quasi-negative
acknowledge-  acknowledgement to any one of said units, ment is an
indication of said transferring  except said receiving unit, which is
attempt- unit that said receiving unit will potentially  ing to transfer
information to said transfer- be' ready for the receipt of information
ring unit. 30 during the next generated transfer cycle.   23. A  system
according to any one of 95 18. A system according to claim  15, or  claims
14 to 22, further comprising: claim 16 or claim 17, further comprising:  A.
means. included in each of said units, A. means, included in said receiving
unit. for indicating the interrupt level of said providing on indication of
the physical and  unit, wherein one of said units is a central 35
electrical coupling or absence thereof of processing unit, said central
processing unit 100 each said device coupled to or potentially  including
means indicating the level of inter- capable of being coupled to said
receiving  ruptability of a current operation taking unit; and
place therein; and B. means, included in said receiving unit,   B. means,
included in  said  processing 40 generating a negative acknowledgement in
unit, generating a positive acknowledgement 105 response to a potential
transfer of informa-  to said transferring unit if said transferring tion
from said transferring unit to a device  unit's interrupt level is more
significant which is not coupled to said receiving unit, than said level of
interruptability of said as indicated by said means providing an in-
processing unit. 45 dication.                                   24. A
system  according to claim  23, 110 19. A system  according to any one of
wherein said units include, in addition to claims 15 to 18, further
comprising:      said central processing unit, at least one A. means,
included in said receiving unit. memory controller unit, and at least one
indicating whether the information trans- peripheral controller unit. 50
ferred from  said transferring unit has the    25. A  system  according  to
claim  14, 115 correct parity; and                       wherein said means
for acknowledging fur- B. means, included in said receiving unit ther
comprises: generating a positive acknowledgement if   1. means generating a
third signal if a said parity is correct and said positive    designated
one of a plurality of devices 55 acknowledgement would  have  otherwise
coupled to the receiving unit is not busv, 120 been generated.
2. means generating a positive acknow- 20. A  system  according to any one
of   ledgement in response to said first. second claims 14 to 19, further
comprising:        and third signals, and A. means indicating that said
receiving    3. means generating a negative acknow- 60 unit will only
respond with  a  positive   ledgement in response to the absence of 125
acknowledgement to a predetermined one    either said second or third
signals. of said units; and                          26. A system according
to any one of the B. means, included in said receiving unit, preceding
claims, wherein anyone of said generating a negative acknowledgement to
units may transfer, as a master unit, infor- 65 any other unit, except said
predetermined  mation to any other one of said units. as a 130    22
1541276                                         22 slave unit.
said indication of said means  for storing. 27. A  system  according to
claim  23 or    31. A  system  according to claim  28 or claim   24,
wherein  the  acknowledge- claim  29 or claim  30, further comprising 50 



generating-means in said central processing  means enabling the transfer of
information 5 unit comprises                             between any two of
said units, except said 1. means generating a positive acknow- first and
second units, during the time said ledgement in response to the receipt of
means for storing provides said indication. said central processor's
address and an    32. A  system  according to' any one of 55 interrupt
level which indicates a greater claims 28 to 31, further comprising means
10   need for servicing than does said level of testing whether said
indication is already interruptability of said central processing, provided
by said means storing before said and
indication is generated by said means for 2. means generating a negative
acknow- storing in response to said lock signal re- 60 ledgement in
response to a receipt of an  ceived from said second unit. 15  interrupt
level which does not indicate a    33. A  system  according to any one of
greater need for servicing that does said  claims 28 to 32, wherein said
first unit is a level of interruptabilitv.               memory unit. 28. A
system according to claim 1. con-    34. A  system  according  to claim
33, 65 prising:                                   wherein both said second
and third units are 20   A. means, included in a first of said units.
central processing units. receiving a lock signal from a second unit   35.
A  system  according to any one of or any other unit. said lock signal
indicating  claims 28 to 34, wherein said storing means that said second
unit, or any other unit in said first unit comprises:               70
which issues said lock signal, desires un-   A. bistable means, coupled
with  said 25 interrupted access to a resource of said first means for
receiving, indicating, by the unit:
generation of a first signal in response to B. means, included in said
first unit, storing  said lock signal, that said resource is being an
indication that said lock signal has been  accessed by one of said units
from which 75 received: and                              said lock signal
has been received, and for 30   C. means, responsive to said indication
indicating, by the absence of said first signal, of said means for storing,
denying access that said resource is not being accessed by to a third unit
or any other unit which de- another unit from which a lock signal has sires
to access said resource and from which  been received; and
80 said first unit receives said lock signal.   B. means, responsive to
said first signal, 35  29. A system according to claim 28. fur- inhibiting
access to said resource by another ther comprising means, independent of
any  said unit from which said lock signal is re- said indication of said
means for storing, ceived. enabling access to said resource by any said
36. A data processing system substantially 85 unit desiring access to said
resource and  as described with reference to the accom- 40 from which said
first unit does not receive  panying drawings. said lock signal. 30. A
system  according to claim  28 or            For the Applicants: claim 29,
further comprising:                    LLOYD WISE, BOULY & HAIG, A. means,
included in said first unit. re-       Chartered Patent Agents, 45 ceiving
an unlock signal; and                           Norman House, B. means,
included in said first unit, and            105-109 Strand, responsive to
said unlock signal disabling           London WC2R OAE. Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1979.. Published at the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


