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INCOR-    It has been found that in processing certain  45
PORATED, a Corporation organized according types of data, the overall
operation of a pro-                 to the laws of the State of Delaware,
United  cessing unit can be greatly enhanced  by                 States of
America, of 13500 North Central taking advantage of the repetition involved
in             5  Expressway, Dallas, Texas, United States of   many
operations on all or parts of the same                 America, do hereby
declare the invention, for  data. The present invention is directed to a
50                 which we pray that a patent may be  granted  data
processor which is particularly adapted                 to us, and the
method by which it is to be  to the handling of large blocks of well
ordered                 performed, to be particularly described in and
data and wherein the maximum  speed of  10 by  the following statement:-
operations in the arithmetic units is utilized. This invention relates to
the control of a  According to the present invention there is  55
digital data processor wherein multiple pro-  provided a system  for
automatic context                 grams are stored in memory and wherein
the  switching in a multi-programmed multi-pro-                 processor
will automatically change from one  cessor digital computer having a memory
for             15  program to another and/or peripheral units  the storage
of a plurality of programs as they                 automatically and under
program control. In  await execution while a current program is in  60
a more specific aspect, the invention relates to  process, said system
comprising, a central                 interfacing a central processing unit
and a peri-  processing unit in which the current program
pheral processing unit for servicing the central  is adapted to be in
process, a peripheral pro-             20  processing unit by the
peripheral processing    cessing unit, said peripheral processing unit
unit with minimal dialog therebetween.   being responsive to the state of
execution of  65                 . The rate at which a data processing
system   said current program by said central process-                 may
carry out its operations has been pro-  ing unit for generating condition
to control                 gressively improved since the advent of elec-
the selection from memory to the next pro-             25  tronic digital
computers such as the Eniac  gram  to be used by said central processing
at the University of Pennsylvania. The Eniac  unit, means including said
central processing  70                 is described and claimed in U.S.
Patent No.  unit for applying a first signal to said peri-
3,120,606.                                  pheral processing unit for
indicating the ability                   Advancements in  component
technology  of said central  processing unit to proceed             30
have been such as shift the limitations on pro-  without change of
program, means including                 cessor speed from the components
thereof to said central processing unit for applying a 75 conductors that
interconnect the  components  second signal to said peripheral processing
which, because of their lengths, may become  unit indicating a need for a
change in pro-  'I             limiting due to time of travel of data
there-  gram, and means responsive to said second             35  over. The
time required for carrying out a  signal and to said. condition for
establishing                 logic  and some arithmetic operations has been
operation of said central -processing unit under .80
reduced to below  about  100  nanoseconds.  said next succeeding program.
Thus, the developments in component techno-   An automatic context
switching system has                 logy have made   possible the
execution   of  application  to a digital computer  which is pro-
40  operations in arithmetic units in time intevals  vided with a memory
having a plurality of                 which are less than the intervals
required by  programs stored therein and enables a central  85
memory and  memory transfer systems now   processing unit of the computer,
to change 



available to. supply data  to and receive data  automatically   from  a - "
current " program                 from the arithmetic unit.
being used (the program  presently   being           2
1,267,384                                           2      executed by the
central processing unit) to an  Where the processing system has such [err]
appropriate next succeeding program because  volume capabilities, it
becomes imports      of a novel interfacing arrangement between  provide
versatile support in  peripheral  of      the central processing unit and a
peripheral  tions in order to sustain the system operations  5  processing
unit of the computer.               at or  near   its capacity. One
approach to the  70        The  automatic context switching system
support of a- high  speed processor is described      includes the possible
application of a first  in U.S. patents 3,337,854 and 3,346,851,
signal a  system call-and-proceed (SCP)- com-  wherein a central processor
employing a user      mand, and  a second signal, a system call-and-
program  calls for a system program for input  10  wait (SCW) command, from
the central pro-  or output service. The system then waits for  75
cessing unit to the peripheral processing unit. the system program to
respond.  The system      Thus, the first signal or system call-and-pro-
program then indicates to the user, the central      ceed (SCP) command is
caused to be trans-  processor unit, to perform a context switching
mitted by the central processing unit as the  operation if a waiting period
is ahead.  15  current user program within the central pro-    The present
invention is directed to reduc-  80      cessing unit is being executed,
this first signal  tion in the overhead time used in the dialog
indicating to the peripheral processing unit  between -the processors when
a change in the      that the central  processing unit can proceed
operation is required by providing an interface      with the execution of
the current user pro-  between the central processing unit and the 20  gram
without waiting for input/output service  peripheral processing unit which
will respond  85      to be provided by the peripheral processing  to. a
program instruction fed to the central      unit such  that  the peripheral
processing unit  processor. Upon such instruction, the central      can be
engaged in securing or arranging new   processor may be automatically
changed from      data or a  new program  to be subsequently  one program
to a different program. Such a 25  required by the centra processing unit.
change will avoid inactivity of the central  90        The second signal or
system call-and-wait  processing unit while peripheral equipment      (SCW)
command sent by the central process-  marshalls the necessary resources to
resume      ing unit to the,peripheral processing unit  execution of the
original program.      indicates to the peripheral processing unit that
Automatic context switching involves a 30  the central processing unit is
unable to con-  central  processing unit having an arithmetic  95
tinue  with  the execution of the current user  unit  and means for
temperary storage of data      program without receiving input/output ser-
words and for  storage of a plurality of pro-      vice from the peripheral
processing  unit. The   grams. A peripheral processing unit responds
peripheral processing  unit is  continually  to the state of execution of
one program by the 35 analyzing or  monitoring the current user  central
processing unit and controls the selec- 100      program  within the
central processing unit  tion of the  next  program to be used by the
and the remaining programs which are await-  central processing unit from
among those      ing execution to  determine which of these  stored. Means
in the central processing  unit      remaining programs is the next program
to be  transmits a signal to the peripheral processing -40  executed by the
central processing  unit When  unit of its ability to proceed without
change of 105     the peripheral  processing unit has selected   program
or a need for change in program.     the next program to be used   by the
central  Means responsive to the signal and  to said con-     processing
unit, the peripheral processing unit  dition establishes operating control
of the     is. responsible for setting a switch flag. There-  central
processing unit under  a new program 45  after, when the current user
program in.the   without further dialog at the instruction level. 110
central  processing  unit has reached a stage  The central processor has a
fixed address      in its  execution as  to cause  circuitry  in the
register and gating  means responsive  to a      central processing unit
to aaply the  second  system call-and-wait  command   to place in  a
signal (SCW) to  the peripheral   processing  reserved memory location, a
code which results unit indicating a  need  for a change in pro-  in a
program change. An interface in the peri-  115      gram, a switch is
enabled by the flag so that an   pheral processing unit is connected to the
indication of the next program to be executed  central processing unit to
enable the response      by  the central processing unit is automatically
to the call-and-wait command only if inter-      fed to  the central
processing unit         face conditions are satisfied. The interface in- 



The buffers include parameter and working    cludes means interrogating a
plurality of in- 120      storage registers, the registers being connected
ternal conditions as well as conditions in the      to control the
operation  of the arithmetic unit.  central processing unit and in  memory
with      A program instruction is employed .for load-  provision for
enabling. a program change in      ing desired   machine language vector
para-  response to an error in the central processing 60  meters from  the
register file into the buffer  unit
125      storage registers whereby large sets  of data    For a more
complete undertanding  of the      may  be   processed directly and
continuously  invention -and for further objects and  advan-      in
response to the occasional specifying at the  tages thereof, reference may
now be had to the      machine level of  the complex vector opera-
following description taken in conjunction with 65  tions.
the accompanying drawings in which:           130           3
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FIGURE 1. illustrates a  preferred  arrange-   are provided for input and
output. In addition,  65               of the components of the system;
tape units 21-26 are provided for input/      FIGURE 2 is a block diagram
of the system   output (I/O) purposes  as well as storage. A
of FIGURE  1                    line printer. 27 is  also  provided for
output ser-  5    FIGURE 3 is a block diagram which illus-  vice under the
control of the PPU l1.      trates context switching between   the central
It is to be understood that the processor  70      processor unit and the
peripheral processor  unit  system thus has a memory or storage hierarchy
of FIGURES 1 and 2;                          of four levels. The most rapid
access storage is        FIGURE 4 is a more detailed  diagram of  in the
CPU 10. The next most rapid access 10  the switching system of FIGURE 3;
is in  the thin film storage units 12-15. The        FIGURE 5 is a
functional diagram of the  next most available storage is the disk storage
75      central processing  unit of FIGURES 1 - 4;  units 16 and 17.
Finally, the tape units 21-         FIGURE 6 illustrates memory buffering
for  26 complete the storage array.      vector streaming to  an arithmetic
unit;       A twin cathode ray tube (CRT) monitor  15    FIGURE 7 is a
block  diagram of the central  console 28 is provided. The console 28
consists      processor unit of FIGURES  1-4;              of two adapted
CRT-keyboard  terminal units  80         FIGURE  8 illustrates  a double
pipeline  which are operated by the PPU 11 as input/      arithmetic unit
for the CPU of FIGURES 1  output devices. It can  also be used through an
and 2;                                       operator to command the system
for  both  20   FIGURE 9 illustrates elements in the CPU  hardware and
software checkout purposes and      10 which are employed in context
switching  to interact with the system in an operational  85      described
in connection with FIGURES 3-7;  sense, permitting the operator through the
con-        FIGURE 10 diagrammatically illustrates  sole 28 to interrupt a
given program  at a      time sharing of virtual processors in the peri-
selected point for review of any operation, its  25  pheral processor of
FIGURES 1 and 2;          progress or results, and then to determine the
FIGURE 11. is a block diagram   of the peri-  succeeding operation. Such
operations may in-  90        pheral processor;
volve the further processing of the data or        FIGURE 12  illustrates
access to cells in  the  may direct the  unit to undergo a transfer in
communication  register- of FIGURE 11; and   order  to operate on a
different program or on  30    FIGURE 13 illustrates the sequencer 41-8
different data.       of FIGURE 11.
Within the system  thus illustrated and  95         In order to  understand
the present invention   briefly described, there  are several combina-
the advanced scientific computer system  of  tions of elements which
cooperate one with       which the present invention forms a part will
another in a new and unique manner to per-  35  first be described
generally and then individual   mit the significant overall enhancement of
the       components and the role of the present inven-   capability of the
system to  process data par- 100       tion and its interreaction with
other com-  ticularly where the data is in well ordered sets       ponents
of the system will be explained.   of substantial quantity.
One such combination provides  for automa-                       FIGURE 1
tic context switching in  a multi-programmed  40    Referring to FIGURE  1,
the computer  multi-processor system wherein there is pro- 105       system
includes  a  central processing unit  vided for a  unique relationship
between the       (CPU) 10 and a peripheral  processing unit  central
processor 10 and the peripheral pro       (PPU) 11  Memory is provided for
both CPU   cessor 11.       10 and PPU 11 in the form of four modules    In
a further aspect, a special system is pro- 



45  of thin film storage units 12-15. Such storage  vided within the  CPU
10 to  provide for  the  110       units  may be of  the  type known in the
art. In  accommodation of data at a significantly higher       the form
illustrated, each of the storage  rate  than  heretofore possible employing
buf-       modules provides 16384  data  words.         fering in the
ordered introduction of data into         The memory provides  for 160
nanosecond  the arithmetic unit.   50  cycle time and on the average 100
nanosecond  A further aspect involves a unique form of 115       access
time. Memory blocks of 256 bits  each  pipelining whereby parallelism of
significant       I  are divided into 8 zones of 32 bits each.  Each
degree is achieved in the operations within       zone  constitutes a data
word. Thus, the  and without the arithmetic unit       memory data blocks
are stored in blocks of    A still further aspect involves provision for
8 words, and there are 2,048  data memory  time sharing a plurality of
virtual processors  120       blocks per module.
included in the PPU 11.         In    addition to storage modules 12-15,
rapid access disk storage modules 16 and 17                  FIGURE  2
are provided wherein  the access  time on  the  Before discussing  the
foregoing features of   60  average is about  16  milliseconds.
the system individually there will first be des-         A memory control
unit 18 is also provided  cribed in a more general way the organization
125       for control  of memory operation, access and   of the   computer
system  by  reference to       storage.
FIGURE 2. Memory stacks 12-15 are   con-       A card reader 19 and a card
punch unit 20  -trolled  by the memory control 18 in order to
.           4                                       1,267,384      input or
output word data  to  and from the  words in a word block provided from
memory stacks. Additionally, memory control  memory  stacks 12-15  Addition
18 provides gating, mapping, and protection   CPU. 10 has the  capability
of reading      of  the data within the memory stacks as  re-  writing any
combination of those eight words.   5  quired.
Bus 33' handles three  words every 50 nano-  70        A signal bus 29
extends between the memory  seconds, two words input to the CPU 10 and
control 18 and a buffered data channel unit 30   one word output to the
memory control 18.      which is connected to the disks 16 and  17. The
As will be later described, the CPU 10 has      data channel unit 30 has
for its sole function  the capability of carrying out compound vector  10
the support of the memory shown as disks 16  operations specified directly
at machine level  75      and 17 and is a' simple wired program com-
without the requirement of translation of some      puter capable of
moving data  to and from   compiler language. This capability eliminates
memory disks 16 and 17. Upon command  the requirement of piecemeal
instructions for a      orily, the  data channel unit 30 may move  long
stream of operations,  as the  CPU  10  15 memory data from the disks 16
and 17  via the  executes long operations  with a single instruc-  80
bus 29 through the memory control 18 to the  tion. This capability of the
CPU 10 is pro-      mempory stacks 12-15.                        vided by
particular buffering operations pro-        Two bi-directional channels
extend between  vided between the memory control 18 and the      the disks
16 and 17 and the data channel unit  arithmetic unit in CPU 10. In
addition, an  20 '30, one channel for each disk unit.  For  each  improved
pipelining data operation is provided  85     unit, only one data word at a
time is trans-  within and around the arithmetic unit con-     mitted
between that unit and the data channel  tained  within the CPU 10.     unit
30. Data from the memory stacks 12-Z15  A bus 34 is provided from the
memory     are transmitted to and from the data  channel  control 18  to be
utilized when the capabili- 25  30 through the memory control 18 in eight-
ties of the computer system are to be enlarged  90      word blocks.
by the addition of other processing units  and        A magnetic drum
memory 31 (shown dot-  the like.      ied), if provided, may be  connected
to the    Each of  the buses 29 32, 33 and 34 is in-      data channel unit
30 when it is desired to  dependently gated to each  memory module, 30
expand the memory capability of the computer  'thereby allowing memory
cycles  to  be over-  95      system.
lapped to increase processing speed. A fixed        A single bus 32
connects the memory con-  priority  preferably  is established in   the
trol 18 with the PPU 11. PPU 11  operates all  memory controls to service
conflicting requests     I/O  devices except the disks 16 and 17. Data
from  the  various  units  connected to the 35  from the memory stacks
12-15 are processed  memory  control 18. The internal memory con- 190 



to and from the PPU via the memory control  trol 18 is given the highest
priority, with      18  in eight-word blocks.                    the
external buses 29, 32, 33 and 34 being      When read from memory, a
read/restore  serviced  in that order. The external bus-pro-      operation
is  carried out in  the memory stack.  cessor connectors are identical,
allowing the 40 The eight words are " funneled  down " with processors to
be arranged in any other priority 105     only one of the eight words being
used within  order desired.     the PPU 11. This  "funneling down"  of
data                FIGURE 3     words within the PPU 11 is desirable
because   FIGURE 3 illustrates in block diagram, the     of the relatively
slow usage of data required  interface circuitry between the PPU 11  and 45
by the PPU 11 and the I/O  devices, as com-  the CPU  10  to  provide
automatic context 110     pared  with the CPU  10.  A typical available
switching of the CPU while " looking ahead"     word transfer rate for an
I/0 device controlled  in time in order to eliminate time consuming     by
the PPU  11 is about 100 kilowords per    dialog between the PPU 11 and
CPU 10. In                                                  operation, the
CPU 10 executes user  pro- 50    The PPU 11 contains eight virtual proces-
grams on a multi-program basis. The PPU 11  115 sors therein, the majority
of which may be  services  requests by the programs being     programmed to
operate various ones of the  executed by  the CPU 10 for input and output
I/O devices as required. The tape units 21  services. The PPU  11 also
schedules the     and 22 operate upon a one inch wide magnetic  sequence of
user programs operated upon by 55  tape while the tape units 23-26 operate
with  the CPU 10.                             '  120 one-half inch magnetic
tapes to enhance the    More particuarly,  the  user  program being 120
capabilities of the system .                 executed within the CPU  '10
requests I/O       The PPU  11 operates upon the program   service from
the' PPU 1l by either a"system     contained in memory and executed by
virtual  call and  proceed " (SCP) command  or    a 60  processors in a
most efficient manner and addi - "system call and wait" (SCW)  command. 125
tionally provides monitoring controls to pro-  The user program within the
CPU  10 issues     grams being run in the CPU 10.               one of
these  commands by executing an in-       CPU  10 is  connected to memory
stacks  struction which corresponds  to the  call. The     12-15 through
the memory  control 18 via  SCP command is issued by a user program 65  a
bus 33. The CPU  10 may utiize all eight  when it is possible for the used
program to  130                5
l,267,384                                          5            proceed
without waiting for the I/O service to. CPU 10  produces a signal on line
41. This           be provided but while it proceeds, the PPU   signal is
produced by the CPU 10 when, in the           11  can secure or arrange new
data or a new  course of execution of a given program, it           program
which will be required by the CPU   reaches a SCP instruction. Such a
signal then        5  in future operations. The PPU 11 then pro-  appears
on line 41  and  is applied to an OR   70           vides the I/O  service
in due course to the  gate 50.           CPU 10 for use by the user
program. The    The CPU may be programmed to produce           SCP command
is applied by way of the signal  an SCW signal which appears on line 42.
Line           path 41 to the PPU 11.                       42 is connected
to the second input  of OR       10  The SCW command is issued by.a user
pro-  gate 50 as well as to the first input of  an OR  75 gram within the
CPU 10 when it is not pos-  gate 51.            sible for the program to
proceed without the    A line 53 extends from CPU 10 to the
provision of the I/O  service from the PPU   second input of OR gate 51.
Line 53 will            11. This  command is issued via line 42. In
provide an error signal in response to a given       15  accordance with
the present invention the  operation of the CPU 10 in which the presence
80            PPU  11 constantly analyzes the programs  of an error is such
as to dictate a change  in .            contained within the CPU 10 not
currently  the operation of the CPU. Such change may            being
executed to determine which of these  be,  for example,  switching the CPU
from            programs is to be executed next by the CPU   execution of a
current program to a succeeding       20  10. After the next program has
been selected,  program                               .    85           the
switch flag 44 is set. When  the program  On line 54, a strobe signal may
appear           currently being executed  by the CPU  10  from the CPU 10.
The strobe signal appears           reaches a state wherein an SCW  request
is  as a. voltage state which is turned on by the           issued by the
CPU 10, the SCW command is  CPU after any one of the signals appear on.
25  applied to line 42 to apply a perform context  lines 41, 42 or 53.
90            switch signal on line 45.                 .    The presence
of a signal on either line 41 



More particularly, a switch flag.unit 44 will  or 42 serves as a request to
the PPU  11 to            have enabled the switch 43 so that an indica-
enable the CPU 10 to transfer a given code            tion of the next
program  to be executed is  from the program then under execution in the
30  automatically fed via line 45 to the CPU 10.  CPU 10 into the memory
through the memory  95           This enables the next program or program
control unit 18 as  by way of path  33.  The           segment to be
automatically picked up and  purpose is to store a code in one cell
reserved           executed by the  CPU 10 without delay gener-  in'
central memory 12-15 (FIGURE 1) for           ally experienced by
interrogation of the PPU   such interval as is required for the PPU  11 to
35  11 and a subsequent answer by the PPU 11  to  interrogate that cell and
then carry out a set. 100            the CPU 10. If, for some reason, the
PPU   of instructions dependent upon the code stored            11 has not
yet provided the next program.  in the cell. In the present system,  a
single            description, the switch flag 44 will not have  word
location is. reserved in memory 12-15            been set and the context
switch would be in-  for use by the system in the context switching
hibited. In this event, the user program with-  and control operation. The
signal appearing on  105            in the CPU.1O that issued the SCW call
would  line 55 serves to indicate to the PPU 11 that            still be in
the user processor but, would be in  a sequence, initiated by either an SCP
signal            an inactive state waiting for the context  on line 41 or
an SCW signal on line 42, has            switching to occur. When context
switching  been completed.       45  does occur, the switch flag 44 will
reset.          On line 56 a run command, a signal is  110              The
look ahead capability provided by the  applied from the  PPU 11 to  the CPU
10 and,            PPU 11 regarding the user program within the  as will
hereinafter be noted, is employed as a            CPU 10 not currently
being executed enables. means for stopping the operation of the CPU
context switching  to  be automatically per-  10 when certain  conditions
in the PPU 11       50  formed without any requirement for dialog be-
exist.                                      115 40       tween  the CPU  10
and the PPU  11. The    A signal  appears  on line 57 which is pro-
overhead for the CPU 10 is dramatically re-  duced by the CPU in response
to a  SCW            duced by this means,  eliminating the usual  signal
online 42 or an error signal on line            computer  dialog.
53. 'The PPU 11 initiates a series of operations       55
FIGURE 4                      in which the  CPU  10, having reached a point
120              Having described the context switching  in its operation
where it cannot proceed            arrangement  between the central
processing  further, is caused to transfer to memory a code            unit
10  and the periphereal processng unit 11  representative of the total
status of the CPU            in a general way, reference should now be had
10 at. the time it terminates its operation  on       60  to FIGURE 4
wherein a more detailed circuit  that program. Further, after such storage,
an  125            has .been  illustrated to show further details  entirely
new status is switched into CPU 10            of the context switching
control arrangement   so that it can proceed with the execution of a
In FIGURE 4, the CPU  10, the PPU 11  new program. The new program begins
at the            and  the  memory  control  unit 18 have .been   status
represented by the code switched there -       65  illustrated in a
functional  relationship.  The  into. When such a signal appears  on  line
57,        6                                        1,267,384
6      the PPU  11 is so conditioned as to permit  a switching state will
appear on line 82 only     response to  the succeeding signal on lines 41,
if the previous states of units 71 and 72 were     42 or 53. As will be
shown, the PPU 11 then  zero.     monitors the state appearing on line 57
and in    It will be noted that a reset line 83 is 5  response to a given
state thereon will then  connected to units 71 and 72 the same being  70
initialize the next succeeding program  and  controlled by the program for
the PPU 11.     data to be utilized by the CPU 10 when an  The units 71 and
72 will be reset after the     SCW  signal or an error signal next appear
call or switch functions have been completed.     on lines 42 and 53
respectively.            It will be noted that the. lines  81 and 82 10
Line 45, shown in FIGURES 3 and 4, pro-  extend to terminals 84a and 84b of
a set of  75     vides an indication to the CPU 10 that it may  terminals
84 which are program accessible     proceed with the command to switch from
one  Similarly, 1-output lines from units 74, 75, 44,     program to
another.                           77 and 78 extend to program accessible
ter-       The signal on line  58 indicates to the CPU   minals. While all
of the units 71-75, 77-80 15  10 that the selected reserved memory cell is
and  44 are program accessible, those which are  80     available for use
in connection with the  significant so far as the operation under dis-
issuance of an SCP or an SCW.             cussion is concerned
in-connection with context 



The signal on line 59 indicates that insofar  switching have been shown.
as the memory control unit is concerned the    Line 55 is connected to the
set terminal 20  switch command has been completed so that  of unit 74.
This records or stores a code re-  85     coincidence of signals on lines
57 and 59 will  presenting the fact that a call has been com-     enable
the PPU  11 to prepare for  the next  pleted; After the PPU  11 determines
or recog-     CPU status change. The signal on line 60  nizes such fact
indicated  at terminal 84d, then     provides the  same signal as appeared
on line  a reset signal is applied by way of line 85. 25  45 but applies it
to memory control unit 18    A program-insertion line 86 extends to the  90
-     to permit unit 18 to proceed with the execu-  set terminal of unit
75. The 1-output of unit     tion of the switch command.
75 provides a signal on line 56 and extends       It will be noted that the
bus 32 and the  to a program interrogation terminal 84e. It will     bus 33
of FIGURE 4 are  both multiword  be noted that unit 75 is to be reset
automatic- 30  channels, capable of-transmitting eight words  ally  by the
output of the OR gate 68. Thus, it  95     or 256 bits simultaneously.
is necessary that the PPU 11 be able to deter-       It will also be seen
in FIGURE 4 that the  mine the state of unit 75.     switching components
responsive to the signals    Unit 44 is connected at its reset terminal
on lines 41, 42 and 53-60  are physically  to program insertion line 88.
The 0-output of 35  located within and form an interface section of  unit
44  is connected to an input of an AND  100     the  PPU 11 The switching
circuits include the  gate 66. The 1-output of unit 44 is connected     OR
gates 50 and 51. In addition, AND gates  to an interrogation terminal 84f,
and by way     61-67, AND gate 43, and OR gate 68 are  of  line 89, to-one
input of AND gate 43. The     included. In addition, ten flip-flop storage
output of AND gate 66 is connected to an 40 units 71-75, 77-80 and 44  are
included.    input  of OR gate 68. The second input of OR  105       The OR
gate 50 is connected at its output  gate 68 is supplied by way of AND gate
67.     to-one input of the AND gate 61. The output  An  input of AND gate
67 is supplied by the     of AND gate 61 is  connected to the set ter-
0-output of unit 77. The second input of AND     minal of unit 71. The
0-output of unit 71 is - gate 67 is supplied by way of line 81 from 45
connected to a second-input of the AND gate  unit 71. The set input of unit
77 is supplied 110     61 and to an input of AND gates  62 and  63.  by way
of  insertion line 91. The reset terminal       The output of OR  gate 51
is  connected  to  is   supplied by way of line 92. The function     the
second input of AND gate  62, the output  of the units 44 and 77 and their
associated     of  which is   connected  to the set terminal of  circuitry
is to permit the program in the PPU 50  unit 72. The 0-output of unit 72 is
connected  11 to  determine which of the functions, call. 115     to one
input of each and  AND gates 61-63.  or switch, as set in units 71  and 72,
are to be     The strobe signal on line 54 is applied to  the  performed
and which are to be inhibited.     set terminal of unit 73. The 1-output of
unit   The unit 78 is provided to permit the PPU     73 is connected to an
input  of each of the  11  to interrogate and determine when a 55  AND
gates. 61-63.                             switch operation has been
completed. The unit 120       The function of the units 50, 51, 16-63 and
79 supplies the command on lines 45 and 60     71-73 is to permit the
establishment of a code  which indicates to the CPU  10 and the     on an
output line  81 when a call  is to. be  memory control unit 18,
respectively that  they     executed and to establish  a code on -line- 82
if  should proceed with execution of a switch 60  a switching function is
to be executed. Initially  command. Unit 80 provides a signal  on line  125
such a state is enabled by  the strobe. signal   58 to instruct CPU 10 to
proceed with the     on line  54 which  supplies  an input to each of
execution of a call command only when units     the AND gates 61-63. A
call state. will  71 and 77 have 1-outputs  energized.     appear on line
81  only if the previous states    The foregoing thus illustrates  the
manner 65    of C unit 71  and S unit  72 are zero. Similarly,  in   which
switching - from  one   program  to  130        7
1,267,384                                          7     another in the CPU
10 is carried out auto-    c) Context switching and/or call comple-
matically in dependence upon the status of     tion is automatic, without
requiring PPU  20   conditions within the CPU 10 and in depen-
intervention, through the use of separate     dence upon the control
exercised by the PPU     flags for " call " and " switch ". 5  11. This
operation is termed context switching    d) One memory cell is used for the
SCP     and may be further delinated by Table I           and SCW
communication.     below which described the operations, above    e)
Separate completion signals are provided  25     discussed, in equation
form.                      for the "call" and "switch" of an       The
salient characteristics of an interface   SCW  so that the "call." can be
pro- 



10 between the CPU 10 and PPU 11 for accom-        cessed prior to
completion of " switch ".     modating the SCW and SCP and error con-    f)
A CPU run/wait control is provided.     text switching environment are:
g) Interrupt for PPU when automatically  30
controlled CPU requests have been com-
pleted. This interrupt may be masked       a) A CPU request is classified
as either      off.           (1) an error stimulated request for con-
Ten CR bits, i.e : bits in one or more words 15            text switch,
in the communication register 431, FIGURE  35           (2) an SCP, or
11, later to be described, are used for this           (3) an SCW.
interface. They are as follows in terms of the       b) One CPU request is
processed at a time.  symbols shown in FIGURE 4:
TABLE I                [err]            monitor "call" request storage
(request signal c')                 [err]             context switch
request storage (request signal s')                [err]             C, S
load request/reply storage (request signal l')
reset by PPU at end                                  [err]               of
request processing                                  set L = 1'
reset L = [err]                [err]           automatic context switching
flag                                     set AS: by PPU when automatic
context switching                                            is to be
permitted                                   reset AS: by PPU when automatic
context switching                                            is not to be
permitted               [err]        automatic call processing flag
set AC: by PPU when automatic call processing
is to be permitted                                    reset AC: by PPU when
automatic call processing                                            is not
to be permitted        8                                    1,267,384
8            [err]       CPU run flag           .
set R:  by PPU when  it is desired that the CPU run
reset  [err]  



call  complete storage (complete signal cc')
set CC=cc'                 reset CC: byPPU   when Cand Sare reset
[err]              switch complete storage  [err]
set SC=PSC. MSC                               reset SC: by PPU when C and S
are reset            [err]            proceed command to CPU to initiate
context switching                        set PS = AS  S
reset PS: by PPU when C and S are reset                         proceed
command to CPU to initiate use of memory call
setPC=AC. C                            reset PC: by PPU when C and S are
reset     Further to illustrate the automatic context  setting out in each
case the options of call  5 switching operations, Tables II and III  por-
only, switch only, or call and switch. tray two representative samples of
operation,        9                                   1,267,384
9                                        TABLE II
Automatic context switching and call processing,
continuous CPU running                Time             ACASPCPS   R  L
SC  C  S          Flip Flop (Figure 4)  i-                            11 0
0   1 0 0 0   0 0  ii-                            11 0 0   1 1 00
0 0  iiu-  1100  1 0 I      0  0 1  1 1 00       1 0.0  0   1 0         1 1
0 0  1 0 0 0 1 1  iv-  1101  1000 0  1           1 1 10   1 0 0 0   1 0 .
1111     000  11  Y-          .  .  .  .        1 1 1 0   1 0 1 0   1 0
1111  1010  11  vi-  11 0 1 100101
11  1 0 11  1 1                                         PPU re-initializes
where, during time i-waiting for CPU request;                   ii-CPU
strobe signal received;                   iii-request code loaded; 



iv-begin procedure;.                   v-call complete; and
vi-switch complete.        10
1,267,384                                         10  [err]           11
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FIGURE 5          ponding elements are.. added  to produce  the       One
of the basic aims   of the computer   output vector, C.
15     system  in  which this invention  is involved is    Another desired
operation in that machine is     to  be  able to  perform not only scalar
opera-  DOT A . B which produces a scalar result, C.  5  tions but  also to
optimize the system in  the  The result is     matter of streaming  vector
data into and out     of the arithmetic unit  for performing specified
[err]     vector operations.       A  typical vector  operation  is to
ADD 10  A+B=C,  where A, B and C  are one dimen-       The basicidea of a
DOT instruction-can be  20     sional linear arrays.  At the  element
level,  extended to include matrix   multiplication.     [err]  The vectors
A  and  B are  streamed   Given two matrices, A and B. The multiplica-
through the arithmetic unit and the corres-  tion is:
[err]                         



where p is  the  order of the matrices.  25    The generation of element
[err] may be des-  2  of matrix A and  second,  row vector 3 of     cribed
as multiplying the first row  (row  1)  of   matrix  A to  generate row
vectors 2 and 3 of  40     matrix A  by the first column (column 1) of
matrix C.     matrix B. Element [err] may  be generated   by     The basic
DOT vector instruction can  be     multiplying row l of matrix A by column
2   used within a nest of 2  loops to perform the 30  of matrix B. Element
[err] may be  generated by   matrix multiplication. These loops may be
multiplying row 1 of matrix A by column 3   labeled as  inner and outer
loops. In  the  45     of matrix B.                                 example
of matrix  multiplication, the inner       In  the vector sense, row vector
1  of matrix  loop would be invoked to index from element     A is used as
an operand vector for three vector  to element of a row in  matrix C. The
outer 35  operations involving column vectors 1,2 and  loop would  be
invoked in index from row to     3, respectively,  of matrix B to generate
row   row in matrix C.                         50     vector 1 of  matrix
C.  This entire process may    The operations diagrammatically shown in
then be repeated twice using, first, row vector  FIGURE 5 and described in
connection with          12                                      1,267,384
12      FIGURE 5 are accommodated and optimized  of the operation carried
out by the unit 101,     in a CPU structured as shown in FIGURE   one
result may be transferred via buffers     6.
and 107 to memory for each clock pulse. The                     FIGURE 6
system is capable of such high utilization 5    In the computer described
herein, the CPU   operations as well as operations at less demand-  70
10 has the capability of processing data at a  ing rates. An example of the
maximum de-     rate which substantially exceeds the rate at  mand on the
buffering operation and the     which data can be fetched from and stored
in  arithmetic unit would be a vector addition     memory. Therefore, in
order to accommodate  where two operands would be applied to the 10  the
memory system and its operation to take  arithmetic unit 101 from units 103
and 106  75     advantage of the maximum speed capable in  for each clock
pulse and one sum would be     the CPU 10 for treatment of large sets of
well  applied from the arithmetic unit 101 to the     ordered data, as in
vector operations, a par-  buffer unit 108 for  each clock pulse.
ticular form  of interfacing is provided be-   The system of FIGURE 7 also
includes a 15  tween the memory and the AU together with  file of
addressable registers including base  80     compatible control. The system
employs a  registers 120, 121, general . registers 122,     memory buffer
unit schematically illustrated  123  and  index  register  124  and  a
in FIGURE 6 where the memory stacks are  vector parameter file 125. Each of
the     connected through the central memory control  registers  120-125
is accessible to  the 20 unit 18 to the CPU 10. The CPU 10 includes
arithmetic unit 101 by way of the bus 104 and  85     a memory buffer unit
100 and a vector  the operand store and fetch unit 126. An     arithmetic
unit 101. The channel 33 intercon-  arithmetic control unit 127 is also
provided     nects the memory control 18 with CPU 10,  to be responsive to
an instruction buffer unit     particularly with the buffer unit 100. Three
127a. An index unit 126a operates in con- 25  lines, 100a, 100b and l00c
serve to connect  junction with the instruction buffer unit 127a  90
the memory buffer unit 100 to the arithmetic  on instructions received from
unit 128. Instruc-     unit 101. The lines l00a and 100b serve to  tion
files 129 and 130 provide paths for flow     apply operands to the unit
101. The line l00c  of instructions from central memory to the     serves
to return the result of the operations in  instruction fetch unit 128. 30
the unit 101 to the memory buffer unit and   A status storage and retrieval
gating unit  95     thence through memory control to the central  131 is
provided with access to and from all of     memory stacks 12-15.
the units in FIGURE 7 except the instruction
files 129 and 130. It also communicates with                     FIGURE 7
the memory bus gating unit 18a It is the 35    FIGURE 7 illustrates in
greater detail and  operation of the status storage and retrieval 100
in a functional sense the nature of the memory  gating unit 131 that, in
response to an SCW on     buffer unit employed for high speed communi-
line 42 or an error signal on line 53, FIGURE     cation to and from the
arithmetic unit    4, causes the status of the entire CPU 10 to 



As previously described, memory storage  be transferred to memory and a new
status 40  in the present system is in blocks of 256 bits  introduced into
the CPU 10 for initiation of 105     with eight 32-bit words per block.
Such data  operations under a new program.     words are then accessed from
memory by way  A memory buffer control storage file is     of the central
memory control 18 and thence  provided in the memory buffer unit 100. The
by way of channel 33 to a memory bus gating  file includes a parameter
register file 132 and a 45  unit 18a. As above mentioned, the memory
working storage register file 133. The para- 110     buffer unit 100 is
structured in three channels.  meter file is connected by way of a channel
The first channel includes buffer units 102  134 and bus 104 to the vector
parameter file     and 103 in series between the gating unit 18a  125. The
contents of the vector parameter file     and the input/output bus 104 for
the AU 101.  are transferred into the memory buffer con- 50  Similarly, the
second channel includes buffer  trol storage file 132 in response to
fetching of a  115     units 105, 106 and the third channel includes
generic vector instruction from memory into     units 107 and 108. The
first and second chan-  unit 128. By way of illustration, assume the
nels provide paths for operands delivered to  acquisition of such a generic
vector instruction     the AU 101 and the buffer units 107 and 108.  by
unit 128. A transfer is immediately carried 55  The third channel provides
for transmittal of  out, in machine language, transferring   the  120
the results to the central memory unit.   parameters from the file 125 to
the file 132.       The buffer unit 102 is constructed  to receive    The
operations then being executed in the     and store groups of eight words
at a time.  subsequent stages 126a, 127a and 126, 127 of     One group is
received for each  eight clock  the CPU 10, in effect are pipelined. More
par- 60  pulses. Each group is transferred to buffer  ticularly, during the
interval that the AU 101  125     unit 103 in synchronism  with buffer 102.
is performing a given operation, the units 126     Words of 32 bits are
transferred from buffer  and 127 prepare for the next succeeding opera-
unit 103 to the AU 101 one word at a time,  tion to be carried out by AU
101. During the     one word for each clock pulse. It will be  same time
interval, the units 126a and 127a 65  recognized that, depending upon the
nature  are preparing for the next succeeding opera- 130           13
1,267,384                                       13    tion to be carried
out by units 126 and 127.  NI: number of turns of inner loop       30
During this same interval, the instruction fetch  [err] number of turns of
outer loop     unit 128 is fetching the next instruction. This  [err]
address increment for inner loop     is the instruction to be executed
three. opera-  [err] address in increment for outer loop 5  tions later by
the AU 101. Thus, in this effec-     tive. pipeline structure, there are
four instruc-     tions under process simultaneously, one at each
Working File 133     of levels [err] , FIGURE 7.               for vectors
A, B and C           35       It will be noted that the combination of the
AA: current address for vector A 10  vector parameter file 125 and the
memory  BB: current address for vector B     buffer control storage file
132 provide capa-  CC: current address for vector C     bility for
specifying complex vector operations     at the machine language level,
under program     control.
Working File 133 15    The operation of the parameter file 132 and  for
current index count for the vector length,  40     the working storage file
133 may further be           inner loop and outer loop     understood when
it is understood that the  VC: vector count     legends employed in files
132 and 133,  IC: Inner loop count     FIGURE 7, are as in Table IV.
[err] outer loop count  20                 TABLE IV
The parameters are loaded into the registers  45                 Parameter
File 132              from  central memory prior to executing a     SA:
starting address in central memory for  vector instruction. The vectors are
streamed         reading vector A                        through the
arithmetic unit, consistent with the     SB: starting address in central
memory for  parametric description thus established in the 25      reading
vector B                        CPU 10.
50     SC: starting address in central memory for    A  matrix
multiplication example of the         storing vector C
above equation will now be described in more 



NV: number of elements in fundamental  detail, the memory locations being
as tabu-         vector operation                        lated in Table V.
TABLE V                        loc                loc               loc
k       [err]     I        [err]     m       [er]
k+l    [err]      1+1    [err]       m+1   [err]                        k=2
[err]      1+2    [err]       m+2   [err]                        k+3
[err]      1+3    [err]       m+3   [er]                        k+4
[err]      1+4    [err]       m+4  [err]                        k+5
[err]      1+5    [err]       m+5   [err]                 .    .
k+6    [err]      1+6    [err]       m+6   [err]                        k+7
[err]      1+7    [err]       m+7  [err]                        k+8
[err]      1+8    [err]       m+8   [err]         Matrix A is assumed to be
pre-stored at  through 1+8 by columns. Matrix C is to be     locations k
through k+8 by rows.  Matrix B  stored at locations m through m+8 by rows.
60     is assumed to be pre-stored at locations 1  These allocations are
presented in Table V.                                  1,267,384
Initially,  SA=k      NV = 3    [err]               SB  =1     NI  =3
[err]               SC=m  [err]        The sequence of addresses and the
methods of computaion  for                   vector A is presented in TABLE
VI                            TABLE VI
A Step           operations         VC     IC     [err]   address  1
[err]           2      2.      2       k  2   [err]
1     2      2    k+1        [err]   3    [err]                        0
2     2      k+2   4           [err]             2      1       2        k
[err]   6    [err]                        0     1      2  k+2  



7   [err]              2       0      2       k   8    [err]
1     0   2         k+l   9    [err]                        O    0
2       k+2   10    [err]           2      2       1       k+3   11
[err]                       1        2     1       k+4   12  [err]
O      2     1      k+5   13   [err]     2                         .1    1
k+3   14  [err]                         1      1     1      k+4    15
[err]                   0    1       1       k+5   16   [err]            2
0       1       k+3   17   [err]                        1      0      1
k+4        15                                        1,267,384
15         step             operations                 VC       IC
[err]    address            18    [err]                                 0
0        1       k+5            19    [err]                 2       2
0       k+6            2O    [err]                                 1
2       0        k+7            21     [err]                        0
2       0       k+8            22      [err]                   2       1
0      k+6            23    [err]                                 1
1      0        k+7            24     [err]
0        1       0        k+8            25     [err]
2          0     0        k+6       26      [err]
1        0     0          k+7           27    [err]
0        0       0 .     k+8        A similar procedure is followed for
vectors  B  functions they perform, and each functional     and   C. The
vector B  address sequence  is  unit in the AU' 101 is  provided with its
own. 30     similar to the  address sequence  for  vector A .  storage.  A
multiplier included in the AU  101 5  except that 1  is the  starting
address instead  is of a type to permit production of a product.     of k.
The vector  C sequence is   m, m+ 1,  for each timing pulse. In AU 101, the
delays           m+8.                                  generally involved
in multiplication where.       The  manner  in which   the  sequence is
iterative procedures are employed  are avoided.  35     generated  is
dictated by the  particular vector    The AU  101 comprises two parallel
pipe- 10  instruction being  executed. The example given  line sections
300A  and   300B. The pipeline 



is  for  the  DOT instruction.  The vector, code  sectons are on  opposite
sides of  a central,     is presented to  the memory buffer unit for use
boundary 300 Lines 300a,   300b, 300c and     in  this determination.
300d represent the  operand input channels.   40
The AU  pipeline  300A  includes    an  exponent. 15       Having described
above the provisions of the  3O3  with an alignment  unit   304. Alignment
present system for supplying ordered data at a  unit 304 is  connected via
line  305 to an add     high.  rate, it will be recognized  that it is
unit 306 which in turn is connected via line  45     desirable to provide
an arithmetic.unit (AU)  307 to a. normalizing unit  308 .A line. 309 con-
that is constructed and oriented to handle the  nects the output of the
normalizing unit 308 20  data at the rates made possible by means of  to an
output unit 310.     the buffering system described and illustrated  The
operand channels 300a and 300c also     in FIGURES 6 and 7.
are connected to a prenormalizing unit 311  50       The system shown in
FIGURE 8 is an  and thence to a multiplier 312 whose output     arithmetic
unit formed of specialized units  is connected to one input of the add unit
306 25  and capable of being selectively placed in dif-  via line 313. An
accumulator 314  is connected     ferent pipeline configurations within the
AU   by a first input line 315 leading from the out-     101. The AU 101 is
partitioned into parts  put of the alignment unit 304, by a second  55
which are harmonious and consistent with the  input line 316 leading from
an output of the            16
1,267,384.                                       16    add unit 306 and by
a line 317 leading from  put of the alignment unit 332 is connected    the
pipeline section 300B. The accumulator  via line 346 to an  input of the
accumulator  55    314 has a first output line 318 leading to one  unit
345. Accumulator unit 345 provides an    input of the exponent substract
unit 302. A  output connected via line 317 to the accumula- 5  second
output line 319 leads to the output unit  tor unit 314 located in the
pipeline section     310.                                         300A.
Further, the output of the accumulator       The exponent substract unit
302 is connec-  345 is connected via a line 347 to the output  60     ted
by way of line 320 to the input of output  unit 338.     unit 310. In a
similar manner, the outputs    A third output from the accumulator 345 is
10 of the alignment unit 304 and the add unit  fed via a line 348 to
another input of the     306 are connected to line 320. The add unit
exponent substract unit 330. One output of     306 is connected by way of
line 321 to a fourth  the exponent substract unit 330 is fed via a  65
input to the exponent substract unit 302. In  line 350 to the exponent
substract unit 302     addition to the input to the addition unit 306
located in the pipeline section 300A. 15 from alignment unit 304 and from
the multi-    The output from the exponent subtract unit     plier 312, a
third input from section 300B   330 provided on line 331. is also fed via a
line     is provided by way of line 322.          351 to the output unit
338. Similarly, the  70       An important aspect of the AU 101 is that
outputs of the alignment unit 332, the add     the operand channels 300a
and 300c are con-  unit 334, are fed via the line 351 to the out- 20 nected
via lines 323 and 324 to each of the  put unit 338. An output from the add
unit     units in the pipeline section 300A except for  334 is also fed via
a line 352 to an input     the accumulator 314. More particularly, lines
of the exponent substract unit 330. An output  75     323 and 324 are
connected to the input of the  from the multiplier unit 341 is fed via a
multiplier 312 via lines 325. Similarly, lines  line 353 to a second input
of the add unit 25  326 connect the operands to the alignment  334 and also
to an input of the add unit 306     unit 304. Further, the operands on
channels  located in the pipeline section 300A. The out-     300a and 300c
are directly fed to the input  put unit 338 is connected by a line 355 to
the  80     of the addition unit 306 via leads 327 and to  output unit 310
located in the pipeline section     the input of the normalizer unit 308
via leads  300A. 30 328. Lines 323 and 324 directly feed the    The present
AU  101 thus provides a     operands into the output unit 310. Control
plurality of special purpose units each of     gating under machine or
program instructions  which is capable of performing a different 85
serves to structure the pipelines.       arithmetic operation on operand
inputs. AU       In section 300B, lines 300b and 300d are  101 has a broad
capability in that selected 35 fed to an exponent subtract unit 330 which
ones of the special purpose units therein may     is connected via a line
331 to the input of an  be connected to perform a variety of different
alignment unit 332, which in turn is connec-  arithmetic functions in
response to an instruc-  90     ted via line 333 to the input of an add
unit  tion program. Once connected in the preselec- 



334. The output of the add unit 334 is con-  ted configuration, operand
signals are sequen- 40 nected via a line 335 to a normalizing unit  tially
fed through the connections such that     336 whose output is fed via line
337 to an  the selected ones of the special purpose units     output unit
338. The operands on channels  simultaneously operate upon different
operand  95     300b and 300d are also fed to the input of  signals during
each clock period. This man-     a prenormalizing  unit 340  whose output
is  ner of operation, termed pipelining, provides 45  directly connected to
a  multiplier 341. Addi-  fast and efficient operation on streams of
tionally, each of the channels 300b and 300d  data.     are connected via
lines 342 and  343 to  the    In operation, and to illustrate the most 100
alignment unit  332, the  multiplier 341, the  demanding operation of the
pipeline, it is     add unit 334, the  normalizig unit 336 and  noted that
there are four distinct functional 50 the output unit 338.
steps which constitute  floating-point addition:        The output of the
addition unit 334 is con-  exponent substraction, fraction  alignment,
nected via a line 344 to the input of an  fraction addition,
post-normalization. These 105     accumulation unit 345. Additionally, the
out-  steps are illustrated in TABLE VII.                17
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TABLE VII                                               [err]        [err]
[err]            [err]        [err]                  exponent
subtraction             -  [err]               [err]        [er]
[err]                      fraction                     alignment
[err]               [err]        [err]                  fraction
addition                -                      [err]                 [err]
post-                     normalization           [err]
[err]              In the addition of two strings of numberss,  form left
shifts for fixed point operands. The          or vectors, beginning at time
[err] each section   add stage 306-334 preferably employs second
of the adder will be vacant. At time [err] the  level look-ahead operations
in performing both      5  first pair of numbers, [err] and [err] are
under-  fixed and floating point additions. This section          going the
initial step  of exponent subtraction.  is also used to add the  pseudo sum
and  carry  50          At time [err] the second pair of numbers, [err]
which is an output of the multiply section.          and [er]   are
undergoing exponent subtraction.     In processing vectors, floating point.
addi-          The first pair of numbers [err] and [err] have  pro-   tion
is desirable in order to.  accommodate a      10  greased  on  to  the
next  step,  fraction   wide dynamic range. While the AU 101 is
alignmentq  This  process   continues   such   capable  of both fixed point
and  floating point  55          that when  the  "pipe "  is full  at time
addition the economy in time and  operation          [err]  each  section
is  processing   one  pair   achieved by the present invention is  most
of numbers.                                          dramatically
illustrated in  connection with the      15    It  will be  recognized
that  the AU  101 is  floating point addition, Table VII.
basically sixty-four bit oriented. AU subunits    The multiply unit 312 is
able. to, perform  a  60          in FIGURE 8 other than the multiply units
32 by 32 bit multiplication in one  clock time,          312 and 341 input
and output 32  bits  of  The multipliers 312  and 341 preferably are
data-whereas. the multiply units 312  and  341.  of the  type described by
Wallace in a  paper     20  output 64 bits of data. With the  exception of
entitled," A Suggestion for a Fast Multiplier "         multiply- and
divide, all  functions require the  PGEC  (IEEE  Transactions on
Electronic  65         same time for single or double length operands
Computers), Vol.  EC-13,- pages  14-17,            Fixed point numbers
preferably are  repre-  (February 1964). Such multipliers  permit the 



sented  in two's complement notation  while  execution of  a multiplication
in a  single clock     25  floating  point numbers are  in sign  and magni-
pulse and thus the unit harmnonizes with  the          tude along with an
exponent  representd by    cocept upon which the AU l01 is based
70          an  excess 64 number..                    The  multipliers are
also the basic  operators          A significant feature of the AU is the
pipe- for the  divide instruction. Double length  opera-          line
structure which allows efficient processing   tions  for both of  these
instructions   require     30  of vector instructions. The exclusive
partitions  several  iterations  through  the multiply unit
of pipeline; each provide an output for each   to obtain the result. Fixed
point multiplications 75         clock pulse.  Each  section may perform
parts  and single  length floating point  multiplications of other.
instructions.  However, the sections  are  available after only one  pass
through   the          are partitioned as shown to speed up the float-
multiplier.  The output  of the multiply unit     35  ing point .add  time,
each stage  of  A.U 101  312 is two words of 64 bits  each, i.e., pseudo
other   than  the  multiplier stage  contains   two   sum and the
pseudo-carry  selected bits of  80          sections which may be combined.
The sections   which are added  in  the add section 306 to          302 and
330  form-one such stage. The sections   obtain the product. - When  a
single length          may operate independently  or may be coupled,
multiply is to provide a  double length-product,     40  together to form
one double length stage.      the multiplier 341  produce a 64   bit pseudo
The alignment stage 304,  332 is used to      sum and a   64  bit pseudo
carry which   are then   85          perform  right shifts in addition  to
the floating   added  in stage 306, 334 to produce the double
point alignment  for  add operations.   The   length product. A  double
length multiply  can          normalize  stage  308- 336 is used   for  all
be performed  by  pipelining the three follow     45  normalization
requirements and will also, per-  ing:  multiply 341,  add stage  306, 334
and           18                                       1,267,384
18      accumulator stage 314, 345. The accumulator  tailed showing of the
contents of the CPU  10     stage 314, 345 is similar to the add unit and
and illustrates the relationship to the channels     is used for special
cases which need to form a  41, 42, and 53-58 of FIGURE 4.     running
total.                                  In FIGURE 9 the instruction fetch
unit 128 5    Double length multiply requires such a run-  is provided with
an  output register 128a. This  70     ning total because four separate 32
x 32 bit  register in a preferred form has 32 bits of     multiplications
will be  performed and then  storage. It is partitioned into a first
section     added together in the accumulator in the pro-  128b of 8 bits
which represents the operation     per bit positions. A double length
multiply  code. It is also provided with a section 128c 10  therefore
requires eight clock times to yield  which is an address tag of 4 bits.
Section 128d  75     an output while single length would require  is a
4-bit section normally employed in opera-     only four. A double length
multiply means  tion of the arithmetic unit 101 to designate a     that two
sixty-four bit floating point numbers  register which is not involved in
the context     (56 bits of fraction) are multiplied to yield a  switching
operation and will not further be 15  sixty-four bit result with the low
order bits  described here. Finally, an address field 128e  80
truncated after post-normalization. A  fixed  of 16 bits is provided.
point multiply involves a 32 x 32 bit multi-    In the normal course of
operation of the     plication and yields a sixty-four bit result.
system, the index unit 126a, having an output       Division is the most
complex operation to  register 126b, performs one step of the time 20  be
performed by this AU 101. Advantage is  sequence T1-T4. In some operations,
it pro-  85     taken of the fast multiply capabilities and em-  duces a
word in the output register 126b which     ploys iteration which, upon a
specified num-  is representative of the sum of the word in the     ber of
multiplications, will form the quotient  address field 128e and a word from
the index     to the desired accuracy. This operation does  register 124
which  is designated by the address 25  not form a remainder as a result of
the pre-  tag in the section 128c. This code is then em-  90     vious
multiplications. Thus it is necessary to  ployed by the store and fetch
unit 126 to con-     again employ the existing hardware to form a  trol the
flow of operands to and from the AU     remainder. Assuming x/y=Q  was the
solu   101     tion, the remainder can be formed by multi-    When the
program codes for SCW or SCP 30  plying  y.Q  and  subtracting  from   x;
appear in the section 128b, a different sequence  95     R=X-y.Q. The
remainder will be accurate  of operations is initiated.  First, the 8-bit
word     to as many bits as the dividend X. The time  in section 128b is
applied to the buffer unit     required to form  the remainder is added
127a and appears in its output register 127b. 



directly to the time required to obtain the  This 8-bit code is then
applied by way of 35  quotient. The divide time for single  length  channel
200 to the control unit 127.      100     words increases from twelve clock
times to six-    Within the control unit 127 is a decoder 201     teen
clock times to provide the remainder,  which provides an output on line 202
if the     The  divide  algorithm  requires that the  8-bit code represents
a SCW  command. It     divisor be normalized, bitwise  for fixed point
produces an output signal on line 203 if  the 40  or the most significant
hexadecimal digit for  8-bit code represents a SCCP command. Such  105
floating point be non-zero.                   signals, when present, will
appear on the out-       The output stage 310, 338 is used to gather  put
lines 41 and 42.     output from all  other sections and also to do  As
above explained, if the PPU  11,     simple transfers, solve binary
equations, etc.,  FIGURE  4, senses the presence of a signal on 45  which
will require only one clock time for  either line 4l or 42, then after a
controlled  110     execution in the AU 101.                   delay
interval, a signal will  be applied to unit        Storage is provided at
each level of the pipe  127  by line 58  which will enable the applica-
to     provide positive  separation  of the various  tion of a signal by
way of line 204 to  the     elementary problems  which may be in  process-
AU 101 . The latter signal  will   then operate 50  ing at a given time.
The entire arithmetic unit  to transfer directly to a particular address in
115     is synchronous in its operaton, utilizing a  memory the code stored
in the register 126d.     common clock for timing the logic circuits. For
This transfer is by way of  channel 205 and     this purpose, storage
registers such as register  route 206 within the AU  101, then channel
310a are included in each unit  in the pipeline.  207 to the register 126e
and thence, by way 55                                                of bus
104, to memory.                        120                     FIGURE 9
The code from register 126e will be stored        Having described context
switching  in con-  in memory at the address stored in an address
nection with FIGURES 3 and 4 and further,  register 208. This is an address
assigned in     having described  the CPU 10 in connection    memory for
this purpose and is not otherwise 60  with FIGURES 5-8, it will be helpful
to  used. It may be permanently wired into the  125     refer to FIGURE 9
wherein the cooperation   system.     The  address is transmitted by actua-
between the  CPU  10, the   PPU 11 and  the  tion   of a gate 209 under the
control  of the     memory control 18 has further been illustrated.  signal
on line 204.     FIGURE 9 may be taken in conjunction with    The foregoing
sequence of operations is 65  FIGURE 4. FIGURE 9 includes a more de-  first
subject to a time delay introduced by  130            19
1,267,384                                         19    operation of delay
unit 210 to control the out-  form of control for time sharing as between
a  65        put  of    unit  127 More particularly,  the lines   plurality
of virtual processors within the  PPU      202 and 203 lead  to an OR gate
211 and then     11. More particularly, programs are to be      to the
delay unit 210 to apply a delayed strobe  processed by a collection of
virtual processors 5  signal to the line 54.                         within
the  PPU 11. Where the programs vary        Line 202 is connected by way
of an  AND        widely, it becomes advantageous to          deviate  70
gate 212 to an OR gate 213. Line 58 is also  from impartial time sharing
between the vir-      connected to the AND  gate 212 and to an  tual
processors.      AND gate 214 which also is connected to the    In the
system shown in FIGURE. 10, some 10  OR gate 213. Line 203 is  connected to
the  virtual processors may be greatly favored in      second input of AND
gate 214.                 allocation of processing time within the PPU   75
The state  on line 58 normally inhibits any  11 over other virtual
processors. Further, pro-      attempt to access the particular memory cell
vision is made for changing frequently and      represented by the address
in the register 208.  drastically the allocation of time as between 15
However, as above explained, if the condition  the processors;     of the
system as represented by the states on  FIGURE 10 indicates that the
virtual pro-  80     lines 56, 57, 45, 58, 55, 53 are proper then  cessors
[err]  in the PPU 11 are serviced by     and only then will the code in
register 126e  the AU 400 of PPU 11     be placed in the particular memory
cell. Thus,   The  general concept of cooperation on a 20  the entire
operation of CPU 10 may be inter-  time sharing sense as between an
arithmetic     rupted. Alternatively, it may be directed to   unit such as
unit 400 and virtual processors  85     proceed while initialization or
other prepara-  such as processors. [err] is known. However,     tory
operations are started in portions of the  the present system and the means
for control-     system external to the CPU 10. The choice  ling the same
have not heretofore been pro- 



25  depends upon the appearance in the register  vided. The processors
[err] may in general      128a of a program instruction having a par-  be
of the type illustrated and described in  90      ticular code, SCP, SCW,
in the operation code  U.S.. Patent No. 3,337,854 to  cray  et al
section  128b of the output register 128a.  wherein the virtual processor
occupy fixed      Line 53, FIGURES 4 and 9, will be ener-  time slots. The
construction  of the present 30 gized or so controlled as to apply a signal
to  system provides for variable control of the     the PPU  11 when an
error has been detected  time allocations in dependence upon the nature  95
within the  CPU 10. An OR  gate 220 has been  of the task confronting the
overall computer     illustrated as having one input leading from  the
system.     AU 101 with lead 221 leading to the control    In FIGURE 10
eight virtual processors 35  unit 127. Such an error signal might appear
[err]  are employed in PPU 11. The AU 400     when an overflow condition
occurs in the AU   of  PPU  11 is  to be made available  to the  100
101. Such an error might also appear if there  virtual processors one at a
time. More particu-     is an undefined code in the control unit 127.
larly , one virtual processor is channelled  to AU     In  either event, or
in response to other error  400 with each clock pulse. The selectiin from.
40  signals which might be generated and applied  among the virtual
processors is performed by a     to the OR gate 220 by way of line 222, a
signal  sequencer diagrammaticaly represented by a  105     will appear on
line 53. The signal on either  switch 401. The effect of a clock pulse,
repre-     line 53 or line 42 will cause the CPU 10 to  sented by a change
in position of switch 401,     switch from one program to the next  program
is to actuate  the AU 400  which is coupled to 45  prepared by the PPU 11.
Such a change as  the virtual processors in accordance with a code
between programs will occur only if the states  selected for time slots
0-15. Only  one  vir0  110     in  the control   shown on FIGURE 4 enable
tual processor  may  be used to  the exclusion     such change. When  such
change is to   be   made,   of all the others, as one extreme.   At  the
other     and  as previously  described, status of the         extreme;
the virtual processors  could       share the 50  CPU 10 is then stored in
memory through the  time slots equally. The system for providing
operation of the gating unit 131, FIGURE 7.  this flexibility is shown in
FIGURES 11-13.  115     Thereafter, the CPU 10 is initialized to start
a new program or resume the program pre-                FIGURE 11
viously switched into the CPU 10.           The organization of the PPU 11
is shown in                                                    FIGURE 11.
The central memory 12-15 is 55                  FIGURE  10
coupled  to the memory control 18 and then        The foregoing description
has dealt with the  to channel 32. Virtual processors [err] are  120
PPU 11 From the operations above described  connected to the AU 400 by
means of the bus     it will be recognized that the PPU 11 plays a  402
with the AU 400 communicating back to     vital role in sustaining the  CPU
10 such that  the virtual processors [errr] by way of bus 60  it can
operate in the   manner above desribed.     403. The virtual processors
[err] communi-     The PPU l1 in the  present system is able to  cate with
the internal bus 408 of the PPU 11  125     anticipate the need and  supply
demands of  by  way of channels 410-417. A buffer unit     the CPU  10  and
other components of the  419 having eight single word buffer registers
system  generally, by utilization of  particular  420-427 is provided, One
register  is  exclu  -           20
1,267,384                       20      sively assigned to each of the
virtual processors  the eight virtual processors by a switch on a
[err].   The virtual processors [err] are pro-  maintenance panel. This
assignment cannot be     vided with a sequence control unit 418 in
controlled  by the program. The remaining     which implementation of the
switch 401 of  time slots are initially unassigned. Therefore, 5  FIGURE 10
is located.. Control unit 418 is  only the virtual processor selected by
the  70     driven by clock pulses. The buffer unit 419   maintenance panel
switch operates at the out-     is controlled by a buffer control unit 428.
A   set.. Furthermore, since program counters in     channel 429 extends
from the internal bus 408   each of [err] are initially cleared, the selec-
to the AU  400.                               ted virtual processor begins
executing program 10    The virtual processors [err] are provided  from
address 0 of ROM  430 which contains  75     with a fixed read-only memory
430. In the  a starter program. The selection switch on the     preferred
embodiment of the invention, the  maintenance panel also controls which one
of     read-only memory  430 is made up of a pre-  eight bits  in the file
431 is set by a " boot-     wired diode array for rapid access.
strap signal " initiated by the operator. 



15    A set of communication registers 431 is    The buffer 419 provides
the virtual proces-  80     provided for communicating between  the bus
sors access to CM 12-15. The buffer 419 con-     408, the I/O  devices and
data  channels. In  sists of eight 32-bit data registers, eight 24-
this embodiment of the system, 64 communi-  bit address registers, and
controls. Viewed by     cation registers are provided in unit 431.    a
single processor, the buffer 419  appears to 20    The shared elements
include the AU 400,  be only one memory data register  and one  85     the
read-only memory (ROM) 430, the file  of  memory address register.
communication registers (CR) 431,  and the   At any given time the buffer
419 may con-     single word buffer (SWB) 419 which provides  tain  up to
eight' memory requests, one for     access to central memory (CM) 12-15.
each virtual processor. These requests prefer- 25    The ROM 430 contains a
pool of programs  ably are processed on a combined basis of  90     and is
not accessed except' by reference from   fixed priority  and first in,
first out priority.     the program counters of   the virtual processors.
Preferably four priority levels are established     The pool includes a
skeletal executive program   and if  two or  more requests of equal
priority     and at least one control program for each I/O   are
unprocessed at any time, they are handled 30  device connected  to the
system. The ROM    first in  first out.                     95     430 has
an access time of 20 nanoseconds and    When a request arrives at the
buffer 419,     provides: 32 bit instructions  to the [err]   it
automatically has  a priority assignment     units. Total program space in
ROM is 1024   determined by the memory 12-15 priority file     words. The
memory is organized  into 256   maintained in one of the registers 431. The
35  word  modules so that portions of programs   file is arranged  in
accordance with virtual pro- 100     can be modified without complete
refabrication   cessor  numbers, and all requests from a parti-     of the
memory.                                cular processor receive the priority
encoded in     The I/O  device programs may include  con-  two bits of the
priority file   The contents. of     trol  functions for the  device
storage media  the file are  programmed by the executive 40  as well as
data transfer functions. Thus, motion   program, and the-prority code
assignment for 105     of mechanical  devices can-  be controlled  each
virtual processor is a function of the pro-     directly by the program
rather than by highly  gram to be executed. In  addition to these two
special purpose hadware for each device type.  priority bits, a time tag
may be employed to     Variations to a basic program are provided by
resolve the cases of equal priority. 45  parameters supplied  by the
executive program.    The registers 431 are  each of 32  bits. Each  110
Such parameters are  carried  in CM  12-15   register is addressable from-
the virtual pro-     or  in the accumulator registers of the virtual
cessors, and can also be read or written by the     processor executing the
program.         device to  which  it connects. The  registers 431     The
source of  instructions   for the virtual  provide  the control  and data
links to all  peri- 50  processors may be either ROM  430 or CM   pheral
equipment including the system console. 115     12-15. The memory being
addressed from   Some  parameters which control system func-     the
program counter in a virtual processor is  tioning are  also stored in the
communication     controlled by the addressing mode which can  registers
431  from  where the  control  is     be modified by the branch
instructions  of by   exercised. 55  clearing the system. Each virtual
processor is              FIGURE 12                       120     placed in
the ROM mode when the system is    Each cell in register  431  has two sets
of     cleared.                     inputs  as  shown in FIGURE 12. One set
is       When  a program sequence is obtained from   connected into the PPU
1l,   and the other set is     central memory, it is acquired via the
buffer  available for  use   by  the peripheral device 60  419.  Since this
is  the same buffer used for  Data from-the PPU 11 is always  transferred
125     data  transfers to  or from CM  12-15, and  into the cell in
synchronisation with the system     since  central memory access is slower
than  clock. The gate for  writing into the cell from     ROM access,
execution time is more favorable  the  external device may be  generated by
the     when program is obtained from  ROM 430.    device interface   and
not  necessarily  syn- 65    Time slot zero may be assigned  to one  of
chronously with  the system clock.     130                             21
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FIGURE 13                     from  the registers 431n and 431m  to the
FIGURE 13 illustrates structure which will  decoder has been illustrated at
the bit level. 



permit allocation of a preponderance of the  In contrast, the logic leading
from the decoder                  time available to one or more of the
virtual  455 to the AU 400 for control of the virtual               5
processors [err] in preference to the others  processors [err] is shown,
not at the bit level,  70                   or to allocate equal time.
but at the total communication level between                     Control of
the time slot allocation as be-  the processors [err] and the AU 400.
tween processors [err] is by means of two    Code lines 463-470 extend from
decoder                   of the communication registers 431. Registers
455 to the units [err] respectively.               10 431n and 431m are
shown in FIGURE 13.    The flow of processor data on channels 478  75
Each 32 bit register is divided up into 8 seg-  is enabled or inhibited by
states on lines 463-                   ments of 4 bits per segment. For
example the  470. More particularly, channel 463 leads to
segment 440 of register 431n has 4 bits a-d  an AND gate 490 which is also
supplied by                   which are connected to AND gates 441-444
channel 478. An AND gate 500 is in the               15  respectively. The
segment 445 has 4 bits a-d  output channel of [err] and is enabled by a  80
connected to AND  gates 446-449 respec-  state on line 463. Similarly,
gates 491-497                   tively. The first AND gate for all groups
of  and gates 501-507 control virtual processors                   4 (the
gates for all the "a" bits), namely  [err]                   AND gates 441
and 446 et cetera, are connec-    Gates 500-507 are connected through OR
20  ted to one input of an OR gate 450. The gates  gate 508 to the AU  400
for flow of data  85 for the " b" bits in each group are connected
thereto. By this means, only one of the pro-                   to OR gate
451, the third, to OR gate 452 and  cessors [err] operates at any one time,
and                   the fourth, to OR gate 453.                   the
time is proportioned by the contents of                     The outputs of
the OR gates 450-453 are  cells 440, 445, et cetera,  as clocked by the
25  connected to a register 454 whose output is  sequencer 418.
90                   applied to a decoder 455. Eight decoder out-    In the
specific embodiment of the system,                   put lines extend from
the decoder 455 to con-  the system is operated synchronously. The
trol the inputs and the outputs of each of the  CPU 10 has a clock
producing pulses at 50                   virtual processors [err]
nanosecond intervals. The clock in PPU  11              30    The sequence
control unit 418 is fed by  produces clock pulses at 65 nanosecond inter-
95                   clock pulses on channel 460. The sequence  vals.
control 418 functions as a ring counter of 16   The memory buffer and its
operation are                   stages with an output from each stage. In
the  described and claimed in copending patent                   present
case the first output line 461 from the  application No. 29853/69.
35  first stage is connected to one input of each of    The pipeline system
shown in FIGURES 7  100                   AND gates 441-444. Similarly, the
output  and 8 is described and claimed in copending                   line
462 is connected to the AND gates 446-  patent application No. 29854/69.
449. The remaining fourteen lines from                   sequencer 418 are
connected to successive    WHAT WE CLAIM  IS: -              40  groups of
4 AND gates.                           1. A system for automatic context
switch-                     Three of the four bits 440, the bits b, c and
ing in a multi-programmed multi-programmed  105                   d,
specify one of the virtual processors [err]  multi-processor digital
computer having a                   by a suitable state on a line at the
output of  memory for the storage of a plurality of pro-
decoder 455. The fourth bit, bit a, is em-  grams as they await execution
while a current               45  ployed to either enable or inhibit any
decoding   program is in process, said system comprising:
for a given set depending upon the state of  a central processing unit in
which the current 110                   bit a thereby permitting a given
time slot  program is adapted to be in process, a peri-
to be unassigned.                             pheral processing unit, said
peripheral pro-                     It will be noted that the arithmetic
unit  cessing unit being responsive to the state of              50  400 is
coupled to the registers 431n and 431m   execution of said current program
by said cen-                   as by channels 472 whereby the arithmetic
tral processing unit for generating a condition  115                   unit
400, under the control of the program,  to control the selection from
memory of the                   will provide the desired allocations in the
regis-  next program to be used by said central pro-                   ters
431n and 431m. Thus in response to the  cessing unit, means including said
central pro-              55  clock pulses on line 460, the decoder 455 may
cessing unit for applying a first signal to said                   be
stepped on each clock pulse from one virtual  peripheral processing unit
for indicating the  120                   processor to another. Depending
upon the con-  ability of said central processing unit to pro-
tents of the registers. 431n and 431m, the  ceed without change of the
program, means                   entire time may be devoted to one of the
pro-  including said central processing unit for apply-               60
cessors or may be divided equally or unequally  ing a second signal to said
peripheral process-                   as the codes in the registers 431n
and 431m   ing unit indicating a need for a change in pro- 125
determine.                                    gram, and means responsive to
said second                     Turning now to the control lines leading
signal and to said condition for establishing                   from the
output of the decoder 455, it is to be  operation of said central
processing unit under               65  understood at this point that the
logic leading  said next succeeding program.   
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FIGURE 13                     from  the registers 431n and 431m  to the
FIGURE 13 illustrates structure which will  decoder has been illustrated at
the bit level.              permit allocation of a preponderance of the  In
contrast, the logic  leading from the decoder              time available
to one or more of the virtual  455 to the AU 400 for control of the virtual
5  processors [err] in preference to the others  processors [err] is shown,
not at the bit level,  70               or to allocate equal time.
but at the total communication level between                 Control of the
time slot allocation as be-  the processors [err] and the AU 400.
tween processors [err] is by means of two    Code lines 463-470 extend from
decoder               of the communication registers 431. Registers  455 to
the units [err] respectively.           10 431n and 431m are  shown in
FIGURE 13.    The flow of processor data on channels 478  75
Each 32 bit register is divided up into .8 seg-  is enabled or inhibited by
states on lines 463-               ments of 4 bits per segment. For example
the  470. More particularly, channel 463 leads to               segment.
440 of register 431n has 4 bits a-d  an AND gate 490 which is also supplied
by               which are connected to AND gates 441-444   channel 478. An
AND gate 500 is in the           15  respectively. The segment 445 has 4
bits a-d  output channel of [err] and is enabled by a  80
connected to AND gates 446-449 respec-  state on line 463. Similarly, gates
491-497               tively. The first AND gate for all groups of  and
gates 501-507 control virtual processors               4 (the gates for all
the "a" bits), namely  [err]               AND gates 441 and 446 et cetera,
are connec-    Gates 500-507 are connected through OR          20  ted to
one input of an OR gate 450. The gates  gate 508 to the AU 400 for flow of
data  85               for the "b" bits in each group are connected
thereto. By this means, only one of the pro-               to OR gate 451,
the third, to OR gate 452 and   cessors [err] operates at any one time, and
the fourth, to OR gate 453.                  the  time is proportioned by
the contents of                 The outputs of the OR gates 450-453 are
cells  440, 445, et cetera,  as clocked by the          25  connected to a
register 454. whose output is  sequencer 418.                            90
applied to a decoder 455. Eight decoder out-    In the specific embodiment
of the  system,               put lines extend from the decoder 455 to con-
the system is operated synchronously. The trol the inputs and the outputs
of each of the  CPU 10 has. a clock producing pulses at 50
virtual processors [err]                     nanosecond intervals. The
clock in PPU  11          30    The sequence control unit. 418 is fed by
produces clock pulses at 65 nanosecond inter-  95               clock
pulses on channel 460. The sequence  vals.               control 418
functions as a ring counter of 16  The memory buffer and its operation are
stages with an output from each stage. In the  described and claimed in
copending patent               present case the first output line 461 from
the  application No. 29853/69.          35  first stage is connected to one
input of each of    The pipeline system shown in FIGURES 7  100
AND gates 441-444.  Similarly, the output  and 8 is described and claimed
in copending               line 462 is connected to the AND gates 446-
patent application No. 29854/69.               449. The remaining fourteen
lines from               sequencer 418 are connected to successive    WHAT
WE CLAIM  IS: -          40  groups of 4 AND gates.
1. A system for automatic context switch-                 Three of the four
bits 440, the bits b, c and  ing in a multi-programmed multi-programmed
105               d, specify one of the virtual processors [err]
multi-processor digital computer having a               by a suitable state
on a line at the output of  memory for the storage of a plurality of pro-
decoder 455. The fourth bit, bit a, is em-  grams as they await execution
while a current          45  ployed to either enable or inhibit any
decoding  program is in process, said system comprising:               for
a given set depending upon the state of  a central processing unit in which
the current 110               bit a thereby permitting a given time slot
program is adapted to be in process, a peri-               to be
unassigned.                            pheral processing unit, said
peripheral pro-                 It will be noted that the arithmetic unit
cessing unit being responsive to the state of          50  400 is coupled
to the registers 431n and 431m   execution of said current program by said
cen-               as by channels 472 whereby the arithmetic  tral
processing unit for generating a condition  115               unit 400,
under the control of the program,  to control the selection from memory of
the               will provide the desired allocations in the regis-  next
program to be used by said central pro-               ters 431n and 431m.
Thus in response to the  cessing unit, means including said central pro-
55  clock pulses on line 460, the decoder 455 may  cessing unit for
applying a first signal to said               be stepped on each clock
pulse from one virtual  peripheral processing unit for indicating the  120
processor to another. Depending upon the con-  ability of said central
processing unit to pro-               tents of the registers 431n and 431m,
the  ceed without change of the program, means 



entire time may be devoted to one of the pro-  including said central
processing unit for apply-          60  cessors or may be divided equally
or unequally  ing a second signal to said peripheral process-
as the codes in the registers 431n and 431m  ing unit indicating a need for
a change in pro-  125               determine.
gram, and means responsive to said second                 Turning now to
the control lines leading  signal and to said condition for establishing
from the output of the decoder 455, it is to be  operation of said central
processing unit under          65  understood at this point that the logic
leading  said next succeeding program.          22
1,267,384                                            22         2. A system
as set forth in  Claim l, further  trol code represents a system
call-and-wait     including means operably associated with said   command,
a memory control unit including     central processing unit to enable said
peri-   memory responsive, channel leading to said 40     pheral processing
unit to respond to said first  central processing unit to enable
application of 5  signal or said second signal only after apre-   said
output control signal to said arithmetic     determined delay  following
generation thereof.  unit if said reserved address  in memory is        3.
A system as set forth in either of Caims   available, and means responsive
to said output      1. or 2, further including means including said
control  signal for directing to said reserved  45      central processing
unit for applying an  error   address  said  control  code in substitution
of 10  signal to said peripheral processing unit to  said operands.
switch said central processing unit from said     6. A  system as  set
forth in Claim 5, further     current program to said next program.
including a fixed addressed storage register        4. A system as set
forth in  claim 3,  wherein   coded to said reserved address in memory and
50     the second signal and the error signal are logic-   being provided
in said central processing unit, 15  ally routed in said  peripheral
processing unit  and a gate responsive to said  output control     over the
same  path.                             signal for  routing said control
code to memory        5. A system as set forth in any preceding   at said
particular address.     Claim, wherein said central processing unit is
7. A system as set forth in either of Claims  55     provided with an
arithmetic  unit, an instruc-   5  and  6, wherein interface logic in said
peri- 20  tion storage register through which instructions  pheral
processing unit has fixed path connec-     are adapted to  pass in transit
to said arithmetic  tions to said  central processing unit including
unit, and an address generator for normally   said output lines, a path for
applying at  least     producing a control code to control storing and  one
enabling signal from said  central process-  60     fetching of operands
between said memory and   ing unit to  said  peripheral processing unit,
said arithmetic unit, said memory having a   and fixed lines  to the memory
control unit  reserved storage address,  said  means for the   for
enabling application of said output control     application of said first
signal and said  means   signal to said arithmetic unit     for the
application of said second signal  being  8.  A system for automatic
context switching  65     included in a  decoding mechanism  provided   for
a  multi-programmed  multi-processor 30  in said central  processing unit,
said decoding  digital computer  substantially as herein  des-
mechanism having two output lines and being   cribed with reference to the
accompanying     coupled to said register for response to a par-  drawings.
ticular control code forming a part of said in-
ABEL & IMRAY,     structions  to produce an  output control signal
Chartered Patent Agents, 35  on a first of said lines when   said control
code           Northumberland House,     represents a system
call-and-proceed command               303-306  High Holborn,     and on a
second of said  lines when said con-                  London WC1V 7LH.
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