
946,457        between the information distribution unit 15  operations are
not the same it is necessary that       and the input and output devices 17
to 20.   a completion pulse be generated to signify to         The magnetic
tape loop transport machine  the control unit 14 that a particular
operation       17 reads digital information from and records  has been
completed. and that it is proper for digital data on the magnetic tape loop
de-  the computer to proceed to the next command. 70       scribed with
reference to Figure 2. The mag-  Two additional commands are associated
with       netic tape loop transport may be of the type  the selection of a
particular magnetic tape       manufactured by Ampex,  Model No. FL-100.
channel for  reading and writing. These com-         The paper tape reader
transduces to elec-   mands are as follows:  10  trical signals digital
information  stored in   WT2 Read the lower tive stages of the in-  75
punched form on a paper tape.  The paper  formation distribution unit 15,
normally con-       tape reader may be of the type manufactured  taining
the orders 2 to 2'  into the channel       by Ferranti Model No. TR3.
register, which is designated by the reference         The digital printer,
will print output infor-  number 25 in Figure 3B.  15  mation from the
computer in digital form and    IT2 Increase the contents of the channel 80
may be of the type manufactured by Com-  register 25 by 1.
puter-Measurements Corporation   Model No.    Because the two command  WT2
and IT2       400B.                                         are always
accomplished in a definite known         The digital to analogue converter
20 at the  period of time, they do not require the genera-  20  option of
the operator will convert the digital  tion of a completion pulse.
85       data being read out from  the magnetic tape    For each of the
above commands, the con-       loop to analogue  and the resulting analogue
trol unit 14 will apply a signal to the input       information is made
available to the operator,  output unit 11 over a differnt input. Each of
for example. in graphical form. The operation  these inputs are  designated
in Figure 3B by  25  of the digital to analogue converter is indepen-  the
letters which designate the command which  90      dent of the operation of
the rest of the com-  causes a signal to be applied to that input.
puter and may be put into operation at any     The operation of the input
output unit will      time during the operation  of the computer  now be
described. It is convenient to assume      without disturbing the operation
of the com-  that none of the above commands have been  30  puter.
given, that the magnetic tape is moving for-  95         Digital data is
read out from the magnetic  ward at a normal speed. and that the first
tape loop on the tape transport 17 or by the  channel of the first data
block is passing under       tape reader 19 and temporarily is stored in
the read heads 33. It takes approximately       the  storage, control, and
logic circuits 21.  31 microseconds for a channel to pass under  35  This
data is then delivered to the information  the read heads 33. During the 31
microseconds   100      distribution unit 15 and  to the digital to   that
the first channel  is being  read  several      analogue converter 20 when
desired. Digital  operations are performed.  A block pulse is      data is
accepted from the information distribu-  induced in read head 47 for track
seven of the      tion unit by the storage unit, control and logic  tape
loop. The block pulse is amplified by  40  circuits 21 and temporarily
stored in the stor-  block pulse amplifier 52 and delivered through  105
age, control and logic circuits 21. This data is  cathode follower 41 to
channel counter 26. The      then recorded on the magnetic tape loop or
channel counter 26 comprises a binary count-      printed by the digital
printer 18.            ing chain of five flip-flops. The black pulse sets
The operation of the input output unit 11 is  the count registered in the
channel counter 26  45  controlled by and directed from  the control  to
0000  and also sets flip-flop 48 to its ONE   110      unit 14 by means of
commands. These com-  state. The 12 digits recorded in tracks one to
mands are given letter designations.  These  six, and nine to fourteen in
the first channel      commands and their meanings are as follows:  of the
first data block are read out by the read         WMT Record the contents
of the informa-  heads 33 and transmitted to read amplifiers  tion
distribution unit 15 on the magnetic tape  30. The function of the read
amplifiers 30  is 115      loop in a previously selected tape channel.
to amplify the low level pulses indexed in the         RMT  Read out the
contents of a previous  read heads 33 and convert these pulses to the
selected tape channel and deliver the contents   dual conductor system used
by the computer      to the information distribution unit 15.     for
transmission of digital data.  The read  55    WPT Print the contents of
the information   amplifiers 30 will produce output signals only  120
distribution unit 15 with the digital printer  when they also receive an
enabling gate signal      18.
from cathode follower 44.  The flip-flop 48         RPT Read out the
contents of the paper  being set into its ONE state, produces an out-
tape and then deliver the contents to the in-  put signal enabling AND gate
49. Coincidence  60  formation distribution unit 15.                logic
27 will detect the zero count contained  125 



RTJ Deliver the contents of the time buffer,  in the channel counter 26 and
produce in re-      which is designated by  the reference number  sponse
thereto  an output signal which will pass      23 in Figure 36, to the
information distribu-  through the enabled AND gate  49. through OR
tion unit 15.                                 gate 50 to the cathode
follower 44. which ap-  65    Because the times required for these various
plies the enabling gate signal to the read am-              plifiers 30.
The  12 digit binary word,  obtained  flip-flops to their ZERO states,
thereby  pre-     from reading the contents of the first channel  paring
the system for subsequent WMT and     of the first data block  will  then
proceecd from   RMT  commands. When the flip-flop 87 is     the read
amplifier  30 through a series of 24  switched to its ZERO state, it causes
an out- 5 cathode followers 42, one for each output con-  put signal to be
applied through an OR gate  70     ductor of the read amplifiers 30. to a
series of  74 to a blocking oscillator 76 which applies a     24 AND gates
62. The AND gates 62 are  delayed pulse through an OR gate 71 to the
enabled by the output signal from the coinci-  read butler 22. The read
buffer comprises 12     dence logic 27 generated in response to the
flip-flops, one for storing each bit of a twelve 10  channel counter 26
registering a count of  bit  word. The delayed pulse from the blocking  75
00000. The 12 digit binary word from  the  oscillator 76 sets each of these
flip-flops to     read amplifiers 30  passes through the AND   their ZERO
states. An output signal from the     gates 62 to time buffer 23, where the
12 digit  blocking oscillator 76 also is applied through     word is
registered. The time buffer 23 com-  an OR gate 82 to a blocking oscillator
83, 15  prises a series of 12 flip-flops. one for storing,  which applies a
signal to the control unit 14 to  80     each digit of the 12 bit binary
word.        indicate the completion of the sequence.        Thus, the
serial number of the data block     The clock pulses recorded in track
eight are     is entered into the time buffer 23 and may  induced in read
head 46, amplified by the     subsequently be delivered to the information
clock pulse amplifier 32 and applied to the 20  distribution unit 15 at any
time during the  channel counter 26. With each pulse received, 85
remaining period of data block 1 by the   appli-  the count registered in
the channel counter     cation  of the command RTI. The RTI com-  will
increase by one in the conventional man-     mand signal enables a series
of 24 and AND   ner of binary counting chains. Because of the     gates 77.
allowing the word registered in the  manner in which the clock and block
pulses are 25  time buffer to pass through the AND  gates  recorded on the
magnetic tape loop, the pulses  90     77, through a series of 24 OR gates
80 and a  induced in the read heads 46 and 47 will be     series of 24
cathode followers 84 to the infor-  alternately positive and negative. Full
wave     mation distribution unit 15. As the first channel  rectifiers in
the clock and block pulse ampli-     of each data block passes by the read
heads  fiers 32 and 52 make all of the clock and 30  33, the
above-described sequence takes place.  block pulses positive.
95     As a result, the time buffer 23 always contains    The sequence of
events pertaining to the     the  serial number of the  data block which is
operation of recording a word from the infor-     currently being
processed.  This sequence  is  mation distribution unit 15 will now he de-
accomplished automatically without the direc-  scribed. First, the number
of the channel into 35  tion from the control unit 14.
which the word is to be recorded is placed on  100        A function of the
coincidence logic 27 is to  the lower five stages of the information
distri-     detect a coincidence between the count regis-  bution unit
through appropriate programming.     tered in the channel counter 26 and
the binary  Then the command WT2 is given and a signal     number stored in
channel register 25. The  is applied enabling the AND gates 68. The 40
channel register 25 comprises a series of live  contents of the five lower
stages of the infor- 105     flip-flops for storing a 5 digit binary number
mation distribution unit 15 then pass through     To store a binary number
in the channel regis-  the AND  gates 68 to be registered in the     ter,
the command WT2 is given. and a signal  channel register 25. Next, the word
to be     is applied from the control unit to the WT2   recorded is placed
in the information distri- 45  input enabling a series of ten AND gates 68.
bution unit 15 and the command WMT is 110      The binary number existing
on the lower  five    given, causing the application of a signal to the
stages of the information distribution unit 15  WMT input of the input
output unit. This      will then pass through the AND gates 68  to  signal
sets the flip-flop 86 in its ONE state      be registered in the channel
register 25. The  thereby  storing the WMT  command.  How- 50  coincidence
logic 27  will produce an output  ever, before the flip-flop 86 can
complete its  115     signal which is applied to the ZERO inputs of  change
of state the signal from  the  WMT     flip-flops 86, 87 and 88 and to an
AND gate  input passes through AND gate 85 enabled by 



69 whenever the binary number in the channel  a signal from the ZERO output
of the flip-flop     register coincides with  the   count registered in
86. From the AND gate 85 the signal from 55  the channel counter 26.
the WMT input passes through  an OR gate  120        Part of the
initialization procedure of oper-  84 to actuate a blocking oscillator 78.
The     ating the computer is to store 00000 in channel  resulting output
signal from the blocking oscil-     register 25. Therefore, after the block
pulse  lator 78 enables a series of 24 AND gases 79,     has set the
channel counter to 00000 there will  allowing the 12 bit word to pass from
the 60  he a coincidence between the count registered  information
distribution unit 15 to write buffer    125     in channel counter 26 and
the number regis-    24 where it is registered. The write  buffer   24
tered in the channel register 25. The coinci-   comprises a series of 12
flip-flops for tempor-     dence logic 27 detects this coincidence and in
arily storing 12 bit binary words.     response thereto applies an output
signal to    In order for information to be recorded on 65  flip - flop 86
and flip - flop 87 setting these  the magnetic tape loop, the flip-flop 18
must 130            946,457      be in its ZERO state. The signal from the
of the flip-flop 87. This signal switches the     ZERO output of the
flip-flop 48 will enable  flip-flop 87 to its ONE state. The flip-flop
an AND gate 51. The output signal from the  87, upon switching to its ONE
state, generates     locking oscillator 78 will pass through the  an output
signal passing through the OR gate 5 AND  gate 51 and through a cathode
follower  71 setting the flip-flops of the read buffer 22  70     45 to
write amplifiers 31 to set the write am-  to ZERO. In order for the  read
operation to     plifiers 31 in readiness to record. When the  be carried
out, the flip-flop 48 must be in its     clock pulses applied to the
channel counter 26  ONE state. When the flip-flop 48 is in its     cause
the   count  registered  in  the  ONE  state, it will apply an output sig-
10  channel  counter  26  to  increase  to  nal to enable the AND gate 69.
When the  75     a   value   which   coincides   with  the  selected
channel of the tape loop passes the     number stored in the channel
register 25, the  read beads 33, the count of clock pulses regis-
coincidence logic 27 will produce an output  tered in the channel  counter
26 will coincide     signal to set the flip-flops 48, 86 in their  with the
number registered in the channel regis- 15  ZERO state.  When the flip-flop
86 is set in  ter 25. In response to this coincidence, the  80     its ZERO
state it applies an output signal to  coincidence logic circuit 27 will
produce an     enable a scries of 12 AND gates 67, one for  output signal,
which will be applied through     each flip-flop of the write buffer 24.
The  the AND gate 69 through the OR gate 50, and     ONE output of each
flip-flop of the write  through the cathode follower 44 to enable the 20
buffer 24 is applied to a different one of the  read amplifier 30. In
response to this gating  85     AND gates 67. The output signals from the
signal. the read amplifier amplifies the low     write buffer 24 pass
through the enabled AND   level  signals read out from the selected channel
gates 67 and a series of 12 cathode followers  on the  magnetic tape loop
and converts these     66 to the write amplifiers 31. The function of
signals to the dual conductor system. The re- 25  the write amplifiers. 31
is to convert the out-  suiting output from the read  amplifier 30  90
put signals from the write buffer into current  passes through the cathode
followers 42, to a     pulses of the proper amplitude, polarity and  seris
of 24 AND gates 60. The AND gates     timing to record on the tape loop the
word  60 will be enabled by a signal from an inver-     registered in the
write buffer when they re-  ter 61, which produces an output signal when- 3
ceive an enabling signal from a cathode fol-  ever it does not receive a
signal from the co-  95     lower 89. The signal from the ZERO output
incidence logic 27 in response to the channel     of the flip-flop 48 also
enables an AND gate  counter 26 containing a count of 00000. Thus,     88,
and when the signal from the coincidence  the AND gates 60 will be enabled
for all     logic is produced in response to the count in  channels except
the first channel and the 12 35  the channel counter 26 coinciding with the
bit binary word from the read anplifier 30  100     member registered in
the channel register 25,  will pass through the AND gates 60, through
it will pass through the enabled AND gate  a series of 24 OR gates 59 to be
registered in     88, through the cathode follower 89 to enable  the [err]
buffer 22. Thus, the word from the   the write amplifiers 31. In response
thereto,  selected channel of the magnetic tape loop is 40  the  write
amplifiers 31 will apply current  registered in the read buffer 22.
105   pulses to the write heads 34, to record the    The output signal from
the coincidence logic     word stored in the write buffer 24. Thus, the  27
in resonse to a coincidence existing be-     binary word is recorded in the
selected channel  tween the count in the channel counter 26 and     of the
magnetic tape loop. The fiip-flop 86  in the number in the channel register
25 also 



45  upon switching to its ZERO state applies an  causes the flip-flip 87 to
switch to its ZERO  110     output signal through the OR gate 82 to the
state. Upon switching to its ZERO state, the     blocking oscillator 83. In
response thereto, the  flip-flop 87 will apply an output signal through
blocking oscillator 83 generates a pulse which  the OR gate 74 to actuate
the blocking oscil-     is applied to the control unit 14. This signal
lator 76. The output pulse from the blocking 50  signifies to the control
unit 14 that the WMT    oscillator 76 enables a series of 24 AND gates 115
command has been carried out and that the  75. The contents of the read
buffer 22 passes     program may proceed to the next step.      through the
enabled AND gates 75, the OR        A similar sequence of operation takes
place  gates 80 and the cathode followers   81  to the     in reading out a
selected channel of the mag-  information distribution unit 15. The
blocking 55  netic tape loop to the information distribution  oscillator 76
output pulse also passes through  120     unit 15. As in the case of
recording on the  the OR gate 82 to energize the blocking oscil-
magnetic  tape  loop,  the  number  of  lator  83, which in turn, generates
a pulse     the  selected  channel is placed  on  the  which is applied
back to the control unit 14     lower five stages of the information
distribu-  signifying that the RMT command has been 60  tion unit and is
then entered in the channel  carried out.
125     register 25. This operation is carried our in   when it is desired
to increase the contents     exactly the same manner as in recording. After
of the channel register by one the command     the entry of the desired
channel into the  IT2 is given. When this command is given, a     channel
register 25, the command RMT   is  signal will be applied to the channel
register 65  given and a signal is applied to the ONE input    which in
response thereto will increase  the  130
946,437                                         9     number registered
therein by one in the man-  flip-flop 72 also applies a signal through
cath-     ner of an ordinary binary counter.          ode follower 63 to
the printer 39 and initiates       In the above explanation it has been
pointed  the  printing operation. Accordingly, the prin-     out that the
flip-flop 48 must be in its ONE   ter 39 prints the applied word from the
binary- 5   [err]  for the computer to read data from the  octal switch 38.
Upon completion of the  70     magnetic tape loop and must be in its ZERO
printing operation the printer 39 generates a     state to record data on
the magnetic tape loop.  signal which passes through a cathode follower
The flip-flop 48 will be switched to its ONE   43 and switches the
flip-flop 72 back to its     state by the block pulses. When the channel
ZERO  state. Upon switching to its ZERO 10  counter contains a count of 31
or registers  state, the flip-flop 72 applies a signal through  75
11111 the coincidence logic will apply an out-  the OR gate 82 to energize
the blocking oscil-     put signal to switch the flip-flop 48 to its  lator
83. The output signal from the blocking     ZERO state. Thus, when the tape
is running  oscillator 83 is applied to the control unit 14     in a
forward direction, the flip-flop 48 is con-  to indicate to the control
unit that the WPT 15  ditioned for a read operation in section A of
command has been completed                     80    each data block of the
tape loop and for a    The paper tape sensed by the paper tape    write
operation in Section B of each data block  reader has seven tracks and a
sprocket hole    of the tape loop. To read out the data in sec-  output.
Six of these tracks are used to store    tion B and record in section A,
the direction  digital data and the seventh track and the 20  of the tape
loop is reversed by a signal from  sprocket hole output are used for
control pur-  85     the control unit. When the direction of the  poses. A
12 digit word is stored by using two     tape loop is reversed. the
flip-flop  48 will be  read positions of the paper tape. The first
conditioned by the block pulses and by the  position is used to store the
upper 6 digits and     signals from the coincidence logic in response  the
second word position is used to store the 25  to the channel counter
containing 1111  for a  lower 6 digits. ONE's are stored on the paper  90
read operation in section B and a write opera-  tape  by  the  presence  of
a  hole and     tion in section A. When the direction of the  ZERO's  are
stored   by  the  absence     tape loop is reversed. the connections to the
of a hole.  By  using photocells to sense the     read heads 29 and write
heads 34 must be  paper tape a signal will be generated when a 30  reversed
to maintain the polarity of the re-  ONE is stored for each read position
for each  95     corded and reproduced signals. This reversal of  track and
so signal will be generated when a     connections is carried out
automatically by a  ZERO is stored.     complementing switch not shown in
response    In order to carry  out the operation of read-     to the signal
for causing a reversal of the tape  ing information from the paper tape by
means 35  loop direction. It is also necessary to reverse  of the paper
tape reader 19, a signal from the  100     some of the connections of the
channel regis-  RIT input is applied through an OR gate 71     ter 25 so
that the number registered in the  to set  the flip-flops of the read
buffer 22 to 



channel register decreases by one in response  ZERO and through a cathode
follower 70 to     to the command IT2 rather than increases.    start the
tape drive mechanism 35. The signal 40    When it is desired to print an
output by  from   the  cathode   follower  7G   also  105     means of the
digital printer 18, the word to be  switches  a flip - flop  37  to  its
ZERO   printed is first put  on the information distri-  state.   When  in
its   ZERO    state,     bution unit 15. Then the command WPT is  the flip
- flop  37 generates a continuous     given and a signal is applied to the
WPT in-  output signal to enable a series of six AND 45  put of the input
output unit. 11. The signal  gates  53 and the six digits from the first
read  110     passes through the OR gate 84 to energize the  position of
the paper tape are read out and     blocking, oscillator 78. The blocking
oscillator  amplified by the tape sensors and amplifiers     78 in response
thereto, generates an output  36 and pass through the AND  gates 53,
pulse which enables the AND gates 79. The  through a series of six cathode
followers 56, word on  the  information distribution system   and through
six of the OR gates 59 to be 115     then passes through the AND gates 79
and is  registered in the flip-flops of the read buffer     registered in
the write buffer 24. The signal  22 which normally store the upper six
orders     applied to WPT input also switches flip-flop   of a 12 digit
number. As the next read posi-     72 to its ONE state.  The resulting
output  tion  passes the tape sensor 30, the sprocket hole 55  signal from
the flip-flop 72 enables a series of  output from  the tape sensor and
amplifier 36  120     12 AND gates 65 and the word registered in  causes
the flip-flop 37 to switch to its opposite     the write buffer 24 passes
through the AND   state. The flip-flop 37 will then be in its ONE     gates
65 and through a series of 12 cathode  state and will generate a continous
output     followers 64 to binary-octal switch 38 in the  signal to enable
a series of six AND  gates 54. 60  digital printer 18, and from there the
word is  At the same time, the six digits from  the  125     passed to the
printer 39. The function of the  second tead position will be read out and
binary-octal switch 38 is to switch the inputs  amplified and pass through
the AND gates     to the digital printer so that the printer selec-  54,
through a series of six cathode followers     tively either prints a binary
output or an octal  58. and through another six of the OR gates 65  output.
Upon switching to its ONE state, the  59 to be stored in the flip-flops of
the read  130            10                                       946,457
buffer 22 which normally store the lower six  ing the normal operation of
the computer.     orders of a 12 digit number. The outputs from
Accordingly, th ONE output of each flip-flop     the cathode followers 56
and 58 are applied   of the read  buffer 22 is connected through a
through those OR gates of the series 59 which  set of 12 cathode followers
73 to the digital go to the ONE inputs of the flip-flops of the  to
analogue  converter 20.  The digital to  70     read buffer. Those
flip-flops of the read buffer  analogy   converter 20 then converts this
digi-     22 which receive signals from the tape  reader  [err]  data into
an analogue signal.  The  digital     will be put in their ONE states while
those  to analogue converter can be operated indc-     which do not receive
signals will remain  in pendently  at any time during the operation 10
their ZERO states and thus the word read out  the  computer.
75     from the paper tape will be registered in the    Figure 4
illustrates the  details of the cir-     -read buffer 22. The next sprocket
hole output  cuitry for one of the read amplifiers 30 for     from the tape
amplifier 36 causes the flip-flop  one  of the data track  of the magnetic
loop.     37 again to switch to its ZERO state.         The  [err] for all
of the read amplifiers 30 15    When the flip-flop 37 is switched to its
is the same. The  pulses induced in one of the  80     ZERO state. it will
generate an output signal  read heads  33 are applied to the terminal 1001
designated PIW  which is applied through a  and from the terminal 1001 to
an emitter fol-     cathode follower 55 back to the control  unit  lower
stage  of the amplifier comprising an     14 for use in programming
operations.  Simi-  NPN  transister 1002. The output from  the 20  tarly,
when the flip-flop 37 is switched to its  emitter follower stage comprising
the transis-  85     ONE state, it will generate an output  signal  tor
1002 is applied to four stages of amplifi-     designated PTW   alternate
which is applied   cation comprising NPN  transistors 1003 to     through a
cathode follower 57 back to the con-  1006.  The output from  the amplifier
stage     trol unit 14 for use in programming operations.  comprising the
transistor  1006 is applied to an 25  The PTW  output signal is also
applied through   emitter follower stage comprising an NPN   90     the OR
gate 74 to energize the blocking oscil-  transistor  1007.  The output from
emitter     lator 76 (see Figure 3b). The output puls:  follower comprising
transistor  1007 is appled     from  the blocking oscillator 76 enables the
to the primary  winding of the transformer     AND  gates 75 and the 12
digit word from   1008. The secondary winding of the transfor- 



30  the paper tape regstered in the read buffer  mer 100s is center tapped.
One-half of the  95     22 passes through the AND gates 75  through
secondary winding is   applied between the emit-     the OR gates 80. and
through  the cathode  ter and base of  an NPN  transistor 1009
followers 81 to the information distribution  through a rectifier 110. The
other half of the     unit 15. The output pulse from the blocking
secondary winding of the transformer 1008 is 35  oscillator 76 is also
applied through the OR   applied between  the emitter and base of an  100
gate 82 to energize the blocking oscillator 83   NPN transistor 1011
through a rectifier 1012.      which produces an output pulse to indicate
to  The transistors 1009 and 1011 are connected   the control unit  14 that
the paper tape read-  into a conventional flip-flop circuit which we
ing operation has been completed. A delayed  shall designate as the
flip-flop 1013. 40  output from the blocking oscillator 76 passes    When a
positive pulse is applied to the ter- 105      through the OR gate 71 to
set the flip-flops of  minal 1001 from one of the read heads 33      the
read buffer to ZERO. The output from  caused by the read head passing from
a channel      the seventh track of the paper tape is used to  in which a
ZERO is stored to one in which  -a      control the stopping of the paper
tape. Thus  ONE is stored it wil  be amplified through the 45  if only one
12 digit word is to be read out  emitter follower stages and amplification
stages   110      from the paper tape. a signal generated from  comprising
the transistors 1002 to 1007, and      the position following the second
read position  applied to the transformer 1008.  This will      of the
seventh track would be applied back to  cause a [err] to be applied
between the base      the tape device mechanism to stop the travel  and
emitter of the transistor 1009 making the 50  of the paper tape. The
command RPT can  base negative with respect to the emitter. The  115
also be used to signal the reading out of a  rectifier 1012 prevents the
base of the transis-      block of words from the paper tape. A hole  tor
1011   from being made positive  with respect      will not be present in
the seventh track until  to its emitter. As a result, the flip-flop 1013
all of the block of words have been read cut.  will be switched in the
conventional manner to 55  The commands of the computer, controlling  the
stable state whereby the transistor 1009 is 120      the addresses to which
the words from the  not conducting  and the transistor 1611  is con-
paper tape will be sent  will be initiated by the  ducting. When a negative
pulse is applied to      PTW and alternate PTW  signals from  the  the
terminal 1001, caused by the read head      paper tape reader under these
circumstances   passing from a  channel in which a ONE is  60    Although
data from the magnetic tape loop  stored to a channel in which a ZERO  is
125      and from  the paper tape unit is ordinarily  stored  this negative
pulse is amplified through      read into the information distribution
unit,  it  the stages comprising the transistors 1002 to      is frequently
desirable to obtain an  analogue   1007 and applied to the primary winding
of      representation of a particular data  word or  the transformer 1008.
As a result  a negative  65  group of words  without  interrupting or
alter-  pulse will be applied to the base of the tran-  130
946,457                                        11     sistor 1011 with
respect to its emitter and the   tors 1016 and 1018 will not conduct
because     flip-flop  1013 will  be switched to the state  the relatively
low voltage applied from the flip-     whereby the transistor 1009 is
conducting and  flop  1013 in combination with the gating     the
transistor 1011 is not conducting.  Thus.  potential applied on conductor
1021 will be 5  the flip-flop 1013 will be switched to a stable
insufficient to cause this transistor to conduct.  70     state whereby the
transistor 1009 is not con-  Thus. when the flip-flop 1013 is in its ONE
ducting whenever the read head. whose output  state and an enabling gate
signal is applied on     is applied to the particular read amplifier,
conductor 1021 the transistor 1016 will con-     passes from  a channel in
which a ZERO is  duct   and the transistor 1018 will not conduct, 10
stored to a channel in which a ONE is stored.  whereas when the flip-flop
1013 is in its ZERO  75      Likewise. the flip-flop 1013 will be  switched
state the transistor 1018 will conduct when a      to the stable state in
which the transistor 1011  read gate signal is applied and the transistor
is not conducting  whenever the read head   1016  will not conduct.
passes from  a channel in which a ONE is     The signal developed a the
collector of the 15  stored to a channel in which a ZERO is stored
transistor 1016 is applied to the base of a  80        The stable state of
the flip flop 1013 in   RNP  transistor 1022 while the signal devel-
which the transistor 1009 is not conducting    eped at the  collector of
the transistor 1018 is     shall be referred to as the CNE state and the
applied to the base of a PNP transistor 1023.     stable state in which the
transistor 1011 is not  Power  is  applied  to  the   transistors 20
conducting shall be referred to as the ZERO   1022  and   1023  from
conductors  1024  85     state. The flip-flop 1013 then will always be  and
1015 by connecting a positive DC  poten-     in its ONE state whenever the
read head is  tial to the conductor 1024. When the transis- 



passing over a channel in which a ONE is  tor 1016 conducts as a result of
the flip-flop     stored and the flip-flop will always be in its  1013
being in its ONE state and a read gate 25  ZERO state wherever the read
head is passing  signal applied on conductor  1021, the collector  90
over a channel in which a ZERO is stored.    potential of the transistor
1016 will drop and        Power  is supplied to the transistors   1002 to
this drop in potential when transmitted to the      1007 and  1009 and 1011
from  conductors   transistor  1022 will cause this transistor to      1014
and  1015.   The conductor 1015  is  start  conducting. Similarly  when the
flip-flop 30  grounded  and  a  positive DC  potential is  1013 is in its
ZERO state and a read gate sig-  95     applied to conductor 1014.
nal  is applied on conductor 1021, the  transis-        When the flip-flop
1013 is in its ONE state  tor 123  will conduct.  The transistors 1022
it  will supply a  relatively high potential to the  and 1023 will not
conduct when the transistors     base of a transistor  1016 from the
collector of  1016 and 1018 respectively  do not conduct. 35  the
transistor 1009 through a resistor 1017.  The potential produced at the
collector of each  109     When the flip-flop 1013 is in its ZERO  state
of the transistors  1022 and 1023 will be zero     a relatively low
potential will be applied to the  when such transistor is not conducting
and     base of the transistor 1016.  Similarly, the  when one of these two
transistors conducts it     potential of the collector of the transistor
1011   will produce a 45 volt potential at its collector. 40  is applied to
the base of the transistor 1018    The potential from the collector of the
tran- 105     over a resistor 1019 and the flip-flop 1013  sistor 1023 is
applied through a resistor capaci-     will therefore apply a relatively
high  potential  tor network comprising a capacitor 1025 and     to the
base of the transistior 1018 what it is  a resistor 1026 to an output
conductor 1027.     in   its   ZERO    state   and   has   a  The potential
developed at the collector of the 45  relatively  low   potential   when
it  is  transistor 1022 will be applied  through a  110     in its ONE
state. Power is applied to the tran-  resistor capacitor network comprising
a capaci-     sistors 1016 and 1018 by a  DC source con-  tor 1030  and a
resistor 1028 to an output con-     nected  between conductors 1020 and
1014 with  ductor   1209.  The  resistors  1026  and     the positive side
of the DC source connectd   1028 are connected in common to a con- 50  to
conductor 1020.                              ductor  1031 to which a
potential of minus 30  115        It will be evident that regardless of
which  volts is aplied so that when the transistor 1023     state the
flip-flop 1013 is in. the potential   dres not conduct the conductor 1027
will be     applied to the bases of the transistors  1016  at minus 30
vo1ts and when the transistor 1022     and 1018 from the collectors of the
transistors    does not conduct the conductor 1029 will be 55   1009 and
1001 respectively will be below the  at minus 30 volts. When the transistor
1022 or 120     emitter  potential of these transistor   and  the
transistor 1023 conducts, the respective one     accordingly these
transistors normally will not  of the conductors 1027 or 1029 will be at
plus     conduct.  If. however. a read gate signal is  15 volts. Thus. each
time an enabling gate     applied over conductor 1021 then  one of the
signal is applied over conductor 1021 one of 60  transistors 1016 and 1018
which receives the  the conductors  1027 or 1029 will rise to plus  125
relatively high potential from  the flip-flop   15 volts depending upon the
state of the flip-     1013 will conduct as a result  of the combined
flop 1015 which in turn depends upon whether     effect. The read gate
signal is the signal ap-  a ZERO or ONE is being read by the read     plied
to the read amplifiers 30 from the cath-  head. If a ZERO is being read,
the conductor 65  ode follower 44. The other one of the transis -  1027
will be a plus 15 volts and the conduc- 130              12
946,457        tor  1029  will be at minus 30 volts. If a ONE  gates  1051
to 1055 respectively.  The ONE       is being read, these potentials will
be reversed,  outputs of each of the five flip-flops of the       Each of
the write amplifiers 31 are identical  channel register 25 are applied to
AND gates       to the one illustrated in Figure 5. As shown   1061 to 1065
respectively and the ZERO out-  5  in   Figure 5. the write amplifier
comprises a  puts of the five flip-flops  of the channel coun-  70
flip-flop 1041, two AND gates 1042 and 1043.  ter are applied to the  AND
gates 1061 through      two cathode followers 1044 and 1047, and two   1065
respectively. Each of the AND  gates      head drive circuits  1046  and
1048. When a  1051 to 1055 and 1061 to 1065 will produce      according
operation is to be carried out. a sig-  an output signal when it receives
output sig- 10  nal will be applied to the ZERO input of the  nals from
both the channel register 25 and the  75     flip-flop 1041, setting it in
its ZERO  state-  channel counter 26.  The outputs from  the     This
signal is the signal applied from  the  AND gates 1051 to 1055 are appplied
through     cathode follower 45. Then if the write ampli-  a five way OR
gate 1056 through an OR gate     fier is to record a ONE in its respective
[err]  1058 to the input of an inverter 1059. The 



15  a signal will  be applied to the ONE input of  outputs from the AND
gates 1061 to 1065 are  80      the flip-flop 1041, switching the flip-flop
1041   applied through a five way OR  gate 1057,      to its ONE state.
This signal  will be applied  through the  OR gate 1058 to the input of the
from  one of the cathode followers 66.  If a  inverter 1059. The inverter
1059 will produce      ZERO  is to be recorded. no signal will be  an
output signal whenever it does not receive 20  applied and the flip-flop
1041 will remain in  a signal applied to its input. The only  time  85
its ZERO state.                                that no signal  will be
applied  to the input of        The ZERO output from the flip-flop 1041
the inverter 1059 will be when none of the      is applied  to the AND gate
1042. The ONE   AND  gates 1051 to 1055 and 1061 to 1065      output is
applied to an AND gate 1043. When  will produce an output signal and this
circum- 25  the selected channel appears under the write  stance will  only
occur  when a coincidence  90      heads an enabling signal will be applied
to the  exists between the count registered in the five      AND gates 1042
and 1043. This signal is the  flip-flops of the channel counter and the
num-      sienal applied from cathode follower 89. If  the  her stored in
the channel register. Thus, the      flip-flop 1041 is in its ONE state,
when the  inverter 1059 will produce an output signal 30  enabling signal
is applied to AND gates 1042  when this coincidence  occurs. The output
from   95     and 1043. a signal will be applied  from  the  the inverter
1059  is the output from the co-     ONE output of the flip-flop 1041
through  the  incidence logic 27 which is applied to the     AND gate 1043.
through the cathode follower  ZERO inputs of the flip-flops 86 and 87 and
to     1017 to the head drive circuit 1048. The head  the AND gates 69 and
88. The outputs from 35  drive circuit 1048  converts the signal into a
the coincidence logic. which are produced when  100     current pulse which
is applied to the head  the channel counter contains 000000 and 11111,
winding 1049 on one of the write. heads 34     can be obtained applying the
outputs of the     The winding 1049 is center tapped and the  channel
counter to conventional logic circuitry.     current pulse from  the head
drive 1048   is    The   Compute-Measurements  Corporation 40  applied to
one-half of the center tapped wind-  Model 400B digital  printer.
designated 39 in  105     ing to record a ONE in the selected channel
Figure 3a. is   designed to print in the decimal     of the tape loop. If
the flip-flop 1041 is in its  system. It has 12  digit  outputs. Each digit
cut-     ZERO stage when the enabling signal is applied   out  has four
binary  inputs,  which shall be     to AND gates 1042 and 1043, an output
signal  designated 2, 2'. 2 and 2 inputs. Signals on 45  will pass from the
ZERO output of the flip-  the 2'. 2[err] 2[err]. and 2[err]  inputs
represent the 2", 110     flop 1041 through the AND gate 1042. through
2[err].2[err] and 2[err] orders respectively, of a binary     the cathode
follower 1044. to the head drive   number.  Each digit output prints a
number     circuit 1046 which converts the signal to a  from 0 to 9 equal
to the binary number repre-     current pulse. The current pulse from  the
sented by the  signal, on its input. 50  head drive circuit 1046 is applied
to the  other    Figure 7 illustrates the details of the binary -  115
half of the  write head winding 1049 to record  octal switch 38  which
codes the inputs to the     a ZERO  in the selected channel of the tape
printer 39 so that it will selectively print     loop.
either in the binary or octal system instead of        Figure 6 illustrates
the details of part of the  the decimal system. As shown in this Figure, 55
coincidence logic 27. As is stated above. one   the switch is a double
throw  switch compris-  120     of the functions of the coincidence logic
is to  ing 19 pole  1101  to 1119. When the switch     generate an output
signal whenever a coinci-  is in the position shown in Figure 7, the poles
dence is obtained between the count registered  1101 to 1119 will engage
the contacts 1121 to     in the  channel counter 26 and the number   1139
With the switch in this position. the 60  registered  in the channel
register 25. As shown   printer 39 will print in the decimal - binary  125
in Figure 6, the ZERO  outputs of the five    system. When the switch is in
its  other posi-     flip-flops of  the  channel register  25 are applied
tion the poles  1101 to 1119 will engage the     to fire AND gates 1051 to
1055  respectively.  the contacts 1141 to 1159 respectively   and     The
ONE outputs of the  five flip-flops of the   with the switch in this
position the printer 65  channel counter 26 are applied to the AND   will
print in the octal system. The ONE out- 130
946.457                                        13      puts of the
flip-flops of the write buffer which    a binary number is designated the
2' flip-flop     normally  store the orders 2 to 2  are applied  The
flip-flops of the multiplier, addend, and     through the AND  gates 65 and
the cathode   sum registers  which store the word bit indi-   followers 64
to the contacts 1141 to 1151   cating-the sig, of th bhinary number ardei-
5   respcctively. The ONE outputs of the flip-  nated S. Each of the
flip-fops of the carry  70 



flops normallv storing the 2', 2', and 2> orders  register is designated
the same as the  ip-flop     art also arplied to the contacts 1.124. 1l27.
of the sum reaister .which is in the same stage     and  1130 tesp;etivelv.
The ONE outputs of  of thc accumulator. 12 bit binary words may     the
flip-flops nonnally storinPg ti  orders 7 to  be transferred to tihf addend
register or alc 10  2' are also applied to the contacts 113! to
multiplier register from the information distri-  75     1139 rcpeccaively.
The ONE output of the  bution  unit 15. The commands for thse     0ip-ikop
normallv storing th: sign is applied   operations are desicn3wd WAD  and
WMtQ     to the cvfltCts fll5Q and 1121. A potential of  rcspecaielv. 12
bit binary words may be trat-     minus 3u vost. is connected to ci ntcas
1122.  ferred to the slum  register from  the iafor- 15  1123, 1125, 1126.
112s, 1129. 1131 and 1152   mation distribution unit 15. The command for
so     to 115t. The poles 1101 to 1119 are con-  this operation is N'AL
.When such a transfer     reactcd to the inputs of the digital printer. The
is made. each word bit will be stoed in its     poles 1101, 1102. and 1103
arc connected It  normal p-osition in the 2> to 2 and S fiip-     the 2  '.
and 2  inputs, rtpecsiveiy, of thc  flops of the sum recister. These
flip-flops and 1 1 l4ast sini . ant) digit output. The poluei  thc
flipflops of the cam  register in the same  85     l1U4, 11(15, and 110t6
are connccted to sle  staces of the accumulator shall be riefrred to
2", 2', 2- inputs, respectively, of the zcco:d  as the lower sum recister
and the lower carry     digit output. I'he. poles 11-7. 11uS. and 11109
register respectively. The remaining halves of     ar: connected to the 2".
2', and 2- inpu:s.  these registers shall be referred to as the upper 25
respective.y, of the third dicih cutntl.  lrn   sum  rcgistcr and the upper
carry register re-  90     poles 111'3 and  1111 are connecicd to the
spectiveir. I he half of. the accumulator which     2  and 2' inputm.
r(picsivey, 0f the fourth  ccmpriss f.Le urps s ';um  and carry registers
dizit output. TI 1h  poles 1112 to 11 i9 are con-  shall hc referred ja as
the upper accumulator     nected to the 2" inputs of the fiith to twelfth
and tI'm half vwhich comprises the lower sum 30  digit outputs,
respectively. Minus 39 volts :s  and carr  ret;s:crs shall be referred to
as the  95     permanently connected tothe 2:; iinputsoV C2'E  lower
aczumulatr.  12 di:it words can be     of the digit outputs, to th~e t-
in~puts of tse  traniferred from  the mnultiplier rcgister, the     fourth
to tr.:cfth digit outruts, ar9 to the 2  addennd register, and the lower
sum register to     inputs of the fifth to twelfth dkfi: OtrutJ,:;.  tIte
informnation distrtonion unit 5.   These 35  With thesC connections. th
diizll printer ri;  oa-ralo;s are carrid out in respons to corn-  100
print in th:e binary Avscem if the switch is Vi   m-nds designaw-d RMUQ,
RAD and RAl. re-     the position shown in FiM.re 7 with the, sign  ss
jvely       rcl%. Words ef a size. including 24 bit     of the printdcd.
bina-ry numbtrs Ibeing repre-  wrads, can be transferred to the sum
register     'ented by the number printed by the firs diit  fi-m  the
memory acwu!103aor bus 10. The 40  dcutput. If the switch is in its other
position,  cemm3nd  for this operation  is designated  105     the digital
Winter will print in the octal system   WAC. Similady. 24 bit %words can be
trans-     with the siin of tIL  number beina rcpr:caitcd  ed  rm
sum risr TO the at2umula-     by the nuib.c-r printed by ahc twe.l;ath
di~-it  tor menory bus 16. The command for this     output.
eratio-n is designated RA.C 45     The arithmetic unit 12 as shown in the
The word stored in the sum  reistcr, the  110     block diagram of Figure 8
comprises three pri-  multiplier rciner, or the addend register can
mary components, the addend register, the  bc coM.prlementel. This takes
plaLe u-ben all     multiplier regi.ter and the accuinul ILr. 11k   OS a-
ON2E:'s .-f a binary number are chanced     a'ddend and multiplier
registers caih Co0' pa'  to ZEROts and all of the ZERO's are changed 50  12
staves, each stage comp .risin  a fu-'' t.,, ONE's. The cormmnands for
these oPxratiins  115      12 bit binarv words can be sto;rd in ca. :ei%-
are a -iana:cJd CSU, CMQ xnd CAI). resee:-      ter uith cach of the 12
flip-flups storing a diz-  as-i-v.      ferent bit of the binarv word.  hIh
accunriau-   lTi  binary word stored in UShe multiplier      tor ha>s 24
stages and cvnmpriss two "t'2ratC  tecister may be mrultiplied kv 2 er
dividcd by 55  re2isters. a sum register and a cart- rre-'itSer   2. TIhLeC
operatwns are carried ont by shiffine  120      i30hi the sunm  rc.Jtsxr
afid the cari rceIItc  th- sorcd word so that eac:h bic oP the word
c.inprise 21 flip-flops wvith one Ullp-op *ai   ms.rr  to tC  flip-flop
storing the nscxt hi~hcr      in each stage of the accumulator. 24 bi;t
*W(VU'T  r.sder or to the flip-flop stitirng the nex;t lower      may b:
stored in the surm reis;sr w-Ith ej2;1  crder, respectively. Such
opeorativns shall be 60  flip-flop s.orina a separat bit.
referred to as shift2n  left and shifting right. 125        The flip-flaps
of the |tm. mnttinilier ar..  isrcctirelv. The c-ommand' for shifting The
addend register are desiznascj by *h- or&cr  multiplier register left and
right are SML anJ      of the binan- number whicha taev normally  S.M1R.
rspesirelv. The sum register may be      store. For example, the flip-flor
of the addenad  shifted iight in response to the command SSR. 65. reisser u
which normally steres se 2- order of  The sum register may be shifted to
she left in  130       



14                                        946,457       response to the
command SSL. In these opera-      The word stored in the addend register
can  35      tions the S flip-flop is considered the lowest  be directly
added to the word stored in the      flip flop storing the highest order
bit and nor-  accumulator with the result stored  in the   mal   when a
shift left occurs the tit stored in  accumulator. when the addition is
carried out 5   the S flip-flop is transferred to the 2  flip-flop  the
carry register is used in a stored carry     and when a shift right occurs
the S bit is  operation. In a stored carry operation the car-  40
transferred to the 2[err] flip-flop. The shift opera-  ries resulting from
the addition are stored in     tions in the multiplier register are
circular.  a separate register instead of being immedi-     That is, the
bit stored in the end flip-flop of  atclv added to the next higher order of
the 10  the register towards which the shift occurs will  register.  For
example, if there is a ONE     transferred to the flip-flop at the opposite
stored in the 2" flip-flop the addend register  45     end of the register.
For example, if the multi-  and the 2" flip-flop of the sum register and a
plier register is shifted left the bit stored in the   ZERO stored in the
2" flip-flop of the carry     2[err] flip-flop of the multiplier register
will be  register before addition, then after addition the 15  transferred
to the S flip-flop of the multiplier  2  flip-flop of the sum register will
contain a     register. The operation to shift the sum register  ZERO and
the 2" flip-flop of the carry register  50     right is aso circular except
that the S flip-flop   will contain a ONE. If before addition the 2'     is
skipped. Thus when the command SSR is  flip-flop of the carry register also
contains a     given, the bit stored in the 2  flip-flop of the   ONE, then
after addition the  flip-flops of both 20  sum  register will be
transferred to the 2[err]  the sum  and carry registers will contain a
flip-flop. The operation for shitting the sum   ONE. The 2' to 2[err] and S
flip-flops of the  55     register left is not circular.  Thus the digit
addend, sum and carry registers operate exactly     shifted our of the
2[err] flip-flop when the com-  like the 2  flip-flops in carrying out the
stored     mand SSL is given will be lost. It the number  carry addition
operation.  In addition to the 25  stored in the sum  register is positve.
ZERO   two described conditions preceding addition     will be shifted into
the 2" flip-flop when the  there are six other possible conditions prior to
60     command  SSL  is given and ONE will  be  addition. Table I gives all
eight of the possible     if the number is negative. This operation is
conditions for flip-flops which normally store     accomplished by merely
setting the 2" flip-flop   the same order before addition and the results
30  shifted into the 2 flip-flop in accordance with   obtained after
addition in these flip-flops. The     the bit stored in the S flip-flop.
The S flip-  flip-flops  which normally store the same order  65     flop
retains the same stored bit after each   of a binary number shall be
referred to as     command SSL because no new bit is shifted
corresponding flip flops.     into the S flip-flop.                 TABLE I
Conditions before                    Results after
Addition in                          Addition in
Corresponding Flip-Flops             Corresponding Flip-Flops
Addend         Sum         Carry            Sum         Carry
Register     Register     Register        Register     Register
0            0            0              0             0
1            0              1             0                       0
I                     1            O                        0
0                           1                                          1
0             1                        0            1            1
0           1      



946 457                                         15       The corresponding
flip-flop in  the addend   left in the register which is not a ZERO)
register of course does not change after addi-  appears in the 2[err]
flip-flop of the multiplier      tion When an addidion operation is being
car-  register. The contents of the multiplier regis-      ried out all of
the flip-flops of the lower sum   ter are then transferred to the addend
register  5   and carry registers are set in accordance with  via the
information distribution unit, the bits of  70      Table I. The sum and
carry register flip-flops  the transferred word maintaining their positions
of the upper accumulator are set in accordance  so that the most
significant  digit of the divi-      with Table I as if there were all
ZERO's in  sor now is in the 2" flip-flop of the addend      what would be
the corresponding flip-flops of  register. Then the addend register is
comple- 10  the addend register. Thus, during the opera-  mented and the
contents of the addend register  75      tion of the computer the number
stored in the   added to the accumulator.  Next the carry      accumulator
may be represented by both the   register is emptied in a special manner so
that      contents of the carry register and the sum   the carries from the
stage normally storing the      register. The Command for the addition
opera-  2'" order are transferred to the stage normally 15  tion is
designated ADD.                          storing the sign instead of to the
stage nor-  80        Following the addition process the carry  mally
storing the  2[err] order. The carry register      register may be emptied.
That is, the contents  is then cleared. If this operation does not result
of the carry register may be  combined with the  in the number in the sum
register becoming      sum  register so that the binary number in
negative, a ONE is put in the 2" flip-flop of 20  the accumulator is
entirely represented by the   the   multiplier register.  The sum  register
is  85     contents of the sum  register.  The command   then shifted left
in a special manner so that     EMC will cause the carry register to be
emp-  the  bit stored in the 2[err] order of the sum     tied. After the
carry register has been  emptied  register is transferred to the S
flip-flop of the     it should be cleared so that all of the flip-flops
sum  register and the multiplier register is 25  of the carry  register
contain ZERO's.  The  shifted left. The contents of the addend regis-  90
command to clear the carry register is desig-  ter are again added to the
accumulator and     nated CCR. After each command so add the  the carry
register is again emptied  in the same     contents of the addend register
to the accumu-  special manner and  cleared.  If the resulting     lator,
the carry register should be emptied and  number stored in the sum register
is still posi- 30  cleared except when the addition is part of a   tive a
ONE is again put in the 2" flip-flop of  95     multiplication process,
which is discussed be-  the multiplier register.  The sum  register is
low                                               again shifted left in the
same special manner        To   carry   out  the  multiplication  of   and
the multiplier register is again shifted left.     two   numbers  the
multiplier  is  stored   This process of adding the contents of the 35  in
the   multiplier   register   and   the   addend register to the
accumulator, emptying  100     multiplicand   is  stored  in  the   addend
and clearing the carry register  placing a ONE     register.  The 2"
flip-flop cf the multiplier  in the multiplier register, and shiftine the
mul-     register is sensed. If the bit stored there is a   tiplier and
upper sum registers left is continued     ONE then the contents of the
addend register  until the contents of the accumulator becomes 40  are
added to the accumulator in the manner   negative  At this time a ZERO is
put in the  105    described above. If the contents of the 2[err] flip-
2[err] order of the multiplier register. The sum    flop of the multiplier
register is ZERO  then   register is then again shifted left in the same
the contents of the addenda register are not  spccial manner and the
multiplier register is    added to the accumulator. Following the sens-
again   shifted left. The addend register is then 45  ing and adding
operation the multiplier regis-   complmented so that the number stored
there-  110     ter is shifted to the right. Also, the sum regis-  in is
positive, the contents of the addend regis-     ter is shifted to the
right. The 2[err] flip-flop of  ter are added to the accumulator and the
carry     the multiplier register is again sensed and the  register is
again emptied in the same special     process is repeated. This process is
repeated   manner and cleared.  If the contents of the 50  eleven times
until all the bits of the word  accumulator stay negative. a ZERO  is again
115     stored in the multiplier register except the bit  put in the 2'
order of the multiplier register.     indicating the sign have been shifted
into the  Then the sum register is again shifted left in     2" flip-flop
of the multiplier register. When  the  same special manner and the
multiplier     the last bit has been shifted into the 2  flip-   register
is again shifted left. The contents of 55  flop of the multiplier register
and the contents  the addend register are again added to the  120     of
the addend register either added or not  accumulator. and the carr resister
is again     added in accordance therewith, the accuumula-  emptied  in the
same special manner and     tor will contain the product of the  words
cleared.  The process of adding, placing a     stored in the multiplier
register and the addend   ZERO in the multiier register and shifting is 60
register.                                        continued until the number
in the accumulator  125        For division the divisor is put in the
multi-  becomes positive. When the accumulator be- 



plier register and the dividend is put in the   comes positive a ONE is
placed into the 2'     sum register. The divisor is then shifted to the
flip-flop of the multiplier register. Then the     left in the multiplier
register until the most  sum register is shifted left in the same special
65 .significant digit (the digit the furthest to the  manner   and   the
multiplier   register  130         16
946,457        is  agan  shifted  left.  The   addend       When the
command to complement the sum       register  is  then   again
complemented  register is given the signal from the CSU input       to
make  the  number  stored  therein  is applied to the OR gates 211. As a
result,  an       negative and the process is repeated as at the  output
signal from the OR gates 211 will pass   beginning of the division
operation. This oper-  through cathode followers 212 to the comple-  70
ation is continued until the desired number of  menting input of flip-flops
of the sum register       significant digits have been obtained in the  to
cause these flip-flops to change their states       quotient. At this time
the multiplier will hold  thus complementing the number stored in the
the quotient of the word originally stored in  sum register.  10  the
accumulator divided by the word originally    When the command to. read our
the num- 75       stored in the addend register.  The binary  ber stored in
the sum register to the accumu-       point of the quotient can be
determined by the  lator memory bus is given, a signal will be       number
of shifts required to line the divisor in  applied from  the RAC input to
the AND       the 2[err] flip-flop of the multiplier register.  gates 214,
and signals will pass from  the   15   In both the multiplication and
division pro-  ZERO outputs of the sum register flip-flops  80       cesses
the operating binary numbers must be  through the cathode followers 206
through       positive. If any of the operating numbers are  the enabled
AND gates 214 to the conductors       negative. they first must be
complemented be-  of the accumulator memory  bus.       fore the division
or multiplication process is    When the command to shift the sum regis-
20  carried out. The signs of the operating num-  ter to the right is given
an input signal will 85       ber are stored and the sign of the result ob-
be applied from the SSR input to AND gates       tained from the process
can be set accordingly.  221 and 222. The bit stored in each Of the
Figure 9. which shows a block diagram of  sum  register  flip-flops will
then pass through       two stages of the lower accumulator, illustrates
the cathode followers 205 and 206. through  25  the logic in the lower
accumulator for carry-  the AND gates 221 and 222. through the OR  90
ing out the commands shifting the sum regis-  gates 207 and 208 in the naxt
succeeding stage       ter to the left, SSL. reading the contents of the
to the right to the sum register flip-flop in the       lower sum register
into the information distri-  next succeeding stage to the right. thus
caus-       bution unit. RAL, complementing the sum   ing the number stored
in the sum register to  30  register, CSU, adding  the contents of the  be
shifted one place to the right         95       addend register to the
accumulator, ADD    When the command is given to store in       reading the
contents of the sum register out to  the lower sum register the number
which exists       the accumulator memory bus. RAC. shifting  in the
information distribution unit, a signal       the sum register to the
right, SSR, reading the  will be applied from the W AL input to the  35
contents of the information distribution unit  AND gates 223 and 224. The
binary  word  100       into the lower sum register. WAL. reading the  in
the information distribution unit will then       contents of the memory
accumulator bus into  pass through the AND gates 223 and 224       the sum
register, WAC  emptying the carry  and through the OR gates 208 and 207 to
register, EMC, and clearing the  carry register.  the flip-flops of the sum
register, thus storing  CCR. To carry out any one of these com-  in the
lower sum  register the word existing       mands a signal is applied to
the input desig-  in the information distribution unit.       nated by the
same letters which designate the   When the comnund is given to store in
the       command.                                     sum register the
number existing on the mem-         To shift the sum register to, the left.
an in-  mory  accumulator bus, a signal will be  45  put signal from the
SLL input is applied to  applied to the AND gates 225 and 226 from.
the AND gates 203 and 204. As a result, the  the WAC input. The word
existing on the       ZERO and ONE outputs of the sum flip-flops.  memory
accumulator bus will then  pass       designated FFS. will be applicd
through  cath-  through the enabled AND gates 225 and 226       ode
followers 205 and 206 through the en-   and through the OR gates 207 and
208 to the  50  abled AND gates 203 and 204 through OR  flip-flops of the
sum registcr, thus. storing in       gates  207  and  208  to  the  ZERO
the sum register the digital number existing       and  ONE   inputs
respectively  of  the  on the memory accumulator bus. 



next succeeding flip - flop of the sum  regis-    Whenever the command CCR
to clear the       ter on the left, thus causing the digit stored in  carry
register is given a signal  will be applied  55  each of the flip-flops of
the sum register to be  from the CCR input to the ZERO input of 120'
shifted one stage to the left.               each of the carry register
flip-flops, thus caus-         When the command to read out the lower  ing
all of the carry register flip-flops to be set       sum  register to the
information distribution  in their ZERO states.       unit is given an
input signal from the RAL    When the command to add the contents of  60
input will be applied to the AND gates 209  the  addend  register  to  the
accumu- 125       and 210, thus causing, the contents of the lower  lator
is given, a signal will be applied       sum register flip-flops to be read
out throuch  to the ADD input of the accumulator. As is       the  cathode
followers  205 and 206 and  explained above, when the contents   of the
through the enabled AND gates 209 and 210  addend register is added to the
accumulator, 65  to the information distribution unit.     each of the
corresponding flip-flops of the 130                              946 457
17     sum register and the carry register must be  inputs. The output of
the AND gate 229 is     set in accordance with Table 1. A study of  applied
to one of the inputs of the AND gate     Table I will indicate that each
flip-flop of the  231. The ONE output of the sum register        sum
register must be complemented in  flip-flop of the same stage is applied to
an- 5  this operation when and only when the cor-  other input of  the AND
gate 231 through  60     responding flip-flops of the carry  register and
cathode follower 205. The third input of the     the addend register
contain opposite digits.  AND gate 231 has 2he ADD input applied     This
particular logical operation is carried  thereto. The output of the AND
gate 230 is     cut by the AND gates 229 and 230. In order  applied to  one
of the inputs of the AND 10  for any one of the AND gates 229 to produce
gate 232.  The ZERO output of the sum  65     an output sgnal it must
receive an input sig-  register flip-flop of the same stage is applied
nal simultaneouslv from the ZERO output of  to another input of the AND
gate 232 and     the. carry  register flip-flop, which is in the  the third
input of the AMD gate 232 has the     same stage of the accumulator as the
AND   ADD input applied thereto. The output of 15  gate 229. a sienal from
the ONE output of  the AND  gates 231 and 232 are applied  70     the
corresonding, flip-flop of the addend  through the  OR gate 201 to the
inverter 202,     register  and  a  signal from  the ADD   the output of
which will cause the corres-     input.  Thus, when  the  command  to
ponding carry register flip-flop to switch to     add  the contents of the
addend register   the opposite state. Thus, each AND gate 231 20  to  the
accumulator  is  given   and  the   will produce an output and cause the
carry  75     corresponding flip-flops of the addend regis-  register
flip-flop of the same stage to change     ter and the carry register are
respectively in  its state whenever a signal is applied to the     their
ONE and ZERO states, the AND gate  ADD input, the AND gate 229 of the same
229 of the same stage will produce an output  stage produces an output
signal, and the cor- 25  signal which will pass through the OR gate
responding  sum register flip-flop is in its ONE   80     211 and the
cathode follower 212 to cause the  state. Likewise, each AND gate 232 will
pro-     corresponding flip-flop of the sum register to  duce an output
signal causing the carry regis-     switch to its opposite state.
Similarly, the  ter of the same stage to change its state     AND gate 230
will produce an output signal  whenever a signal is applied to the ADD in-
30  when it receives input signals from the ONE. put, the AND gate 230 of
the same stage  85     output of the carry register flip-flop in the
produces an output signal, and the corres-     same stage, from  the ZERO
output of the  ponding sum  register flip-flop is in its ZERO
corresponding flip-flop in the addend regisr  stat.. Therefore, each
inverter 202 will pro-     ter and from  the ADD input. The output of  duce
an output signal to switch the carry 35  the AND gate 230 passes through
the OR   register flip-flop of the same stage to its 90     gate 211 and
through the cathode follower  opposite state only if the carry  register
flip-     212 to cause the corresponding flip-flop of the  flop of the same
stage is in the opposite state     sum register to switch to its opposite
state.  from  that of the corresponding flip-flop of     Thus, each sum
register flip-flop will be  the addend register and also in the opposite 40
switched to its opposite state when a signal  state from  that of the
corresponding sum  95     is applied to the ADD input and the corres-
register flip-flop. Thus, when the command     ponding flip-flops of the
addend and carry  to add the contents of the addend register to
registers are in opposite states.            the accumulator is given each
sum  register       It will be seen from Table I that in an  flip-flop will
be switched to its opposite state 45  addition operation each carry
register flip-  if the corresponding flip-flop of the addend  100 



flop must be switched to its opposite state  register and the carry
register are in their     when such carry  register flip-flop is in the
opposite states, and each carry register flip-     opposite state from  the
corresponding flip-  flop will he switched to its oppositc state     flop
of the addend register and is also in the  if such carry  register
flip-flop is in the oppo- 50  opposite state from  the corresponding sum
site State   from    the corresponding sum  and  105     register
flip-flop. To carry  out this logic a  addend register flip-flops.     pair
of AND gates 231 and 232 are used in    When the command to empty the carry
conjunction with the AND gates 229 and  register into the sum register is
given, logic     230. To produce output pulses the AND   must be performed
to carry out the results 55  gates 231 ad 232 require three simultaneous
in accordance wih Table II.                  110.      18           946,457
TABLE 11
switch the  sum                  Carry register  carry          sum
register flip-flop     carry to                  flip-flop       from
register     of the J stage to         J    I                  in J-1 stage
J-1 stage     in J stage     its opposite state       stage
1             1                  0                 1
1             1             0                  0                 1
1         0           1                     1                      1
O                                                     0
0              1             0                  1                 0
0                                                                    0
0         0              0                   0                0
In Table II the J notation is used to dis-  normally stores the next higher
order shall            tinguish between preceding and succeeding  be
referred to as the succeeding stage.      40            stages of the
accumulator. The J stage is any   From  Table II it will be seen that the
5  stage of the accumulator. The J    I stage is  sum  register flip-flop
of each stage of the            the stage of the accumulator which normally
accumulator must be switched to its opposite            stores the next
lower order than that stored  state whenever there is a carry being passed
by the J stage and the J - 1 stage is the stage  from  the preceding stage
or whenever the  45            that normally stores the next higher order
carry register flip-flop of the preceding stage        10  than that stored
by the J stage. As is shown  contains a ONE, but not both of these con-
in Table II there are three  inputs and two   ditions. When the carry
register flip-flop of            outputs for the logic for emptying the
carry  any stage contains a ONE, a signal will be            register. One
of the two outputs is to cause the  transmitted from  the ONE output of
this  50            sum  register flip-flop  of the stage to be  carry
register flip-flop through the cathode        switched to its opposite
state and the other  follower 217 of this stage, through OR gate
output is a carry passed along, to the J - 1  239 of the succeeding stage
to one of the            stage of the accumulator.  The three inputs  three
inputs of the AND  gate 234 in the            are the state of the carry
register flip-flop in  succeeding stage. The output from  the AND  55
the J-1   stage,  the  state   of  the  gate 234 in each stage is applied
through the        20  sum    register  flip - flop   in  the  J     OR
gate 211 through the cathode follower            stage, and  the  carry
passed  from  the  212 to the complementing input of the sum            J -
1 stage.  In Table II a  "1"  is used to  register flip-flop of such stage.
When the            designate when the sum  register flip-flop is  command
to empty the carry register is given, hl 



to be switched to its opp% ite stale and all  a signal will be applied from
the EMC input        25  "0" when it is not. A "1" is used to designate  to
the second input of the AND gate 234 in            when a carry is passed
to next stage and an  each stage. Thc third input to the AND gate
"0" when no carry is passed                 234 in each stage necessary to
produce an              The logic for carrying out the operation  output
signal from  the AND  gate 234 is  65            emptying of the carry
register cnnprises in  applied from the inverter 240 of such stage
30  each stage four AND gates 233 to 236. three  through a cathode follower
241. The inver-            OR gates 237 to 239 and an inverter 240.   ter
240 will apply a signal to the AND gate            The OR gate 237 of each
state will produce  234 whenever the inverter 240 is not receiv-
an output signal whenever there is a carry to  ing a signal from the AND
gate 235. The  70            be passed to the next succeeding stage. For
AND  gate 235 will apply a signal to the        35  convenience,  a  stage
of the accumulator  inverter 240 whenever it receives a signal both
which normally stores the next lower order  from  the ONE output of the
carry register            than a particular stage shall be referred to
flip-flop of the preceding stage through the            as the preceding
stage and the stage which  cathode follower 217 and from the OR gate  75
946,457                                      19     237 of the preceding
stage through a cathode, cathode follower 217. Thus, the OR gate 238
follower 242. Therefore, the AND gate 235  of each stage will apply an
output signal to     of each stage will produce an output signal  the AND
gate 236 of the same stage when-     never the carry register flip-flop of
the  ever the sum register flip-flop of the same 5 preceding stage is in
its ONE state and there  stage is in the ONE state or carry register 70
is an output signal from the OR gate 237 of  flip-flop of the preceding
stage is in the ONE     the preceding stage indicating that a carry  state.
The AND gate 236 of each stage there-     is being passed from  the
preceding stage. fore will apply an output signal to the OR     Thus, when
both of these conditions are pre-  gate 237 of the same stage whenever
there is 10  sent in the preceding stage, the inverter 240  a carry passed
from the preceding stage and  75     will not apply a gating signal to the
AND   either the carry register of the preceding     gate 234 and the AND
gate 234 will not  stage is in the ONE state or the sum register
produce an output signal which would cause  flip-flop of the same stage is
in the ONE     the sum register flip-flop to change its state.  state. With
this logic circuitry the OR gate 15  The output signal from  the OR  gate
237  237 of each stage of the accumulator will pro-  80     also passes
from  the cathode follower 242  duce an output signal to signal the passage
through the OR gate 239 to the first input  of a carry to the succeeding
stage wherever     of the AND gate 234. The result of these  at least two
out of the following three condi-     connections is that the AND gate 234
of each  tions exists: (1) the sum register flip-flop of 20  stage will
produce an output signal to cause  the same stage is in its ONE state; 2)
the  85     the sum flip-flop of such stage to change its  carry
register flip-flop of the preceding stage     state whenever the command to
empty the  is in its ONE state: (3) there is a carry being     carry
register is given and there is a carry  passed from the preceding stage as
indicated     passed from  the preceding stage or carry  by the output from
the OR gate 237 of the 25  register flip-flop of the preceding stage is in
preceding stage.                         90     its ONE state but not both
of these condi-    Figure 10 illustrates the logic circuitry of     tions.
the upper accumulator. The logical opera-       From  Table II it can be
seen that each  tions are performed by the circuitry of the     stage of
the accumulator must pass a carry to  upper accumulator when any one of the
30  the succeeding stage whenever two or more  following commands are
given: SSL, CSU. 95     out of the following three conditions occur:  ADD,
RAC, SSR. WAC, CCR and EMC.     (1) the sum  register flip-flop of the same
When any one of these commands is given     stage is in its ONE state; (2)
the carry  regis-  a signal will be applied to the upper accumu-     ter
flip-flop of the preceding stage is in its  lator over the input designated
by the same 35  ONE state; (3) there is a carry being passed  letters which
designate the command.'    100     from the preceding stage. The OR gate
237    When the command EMC  is given, to     must produce an output signal
through the  empty the carry register into the sum regis-     cathode
follorer 242 whenever at least two  ter; a signal will be applied from  the
EMC     of these three conditions occur. For this pur-  input to the AND
gate 234 in each stage of 10   pose the outputs of the AND gates 233 and
the upper accumulator.  These AND  gates 105     236 are applied to the OR
gate 237. One of  234 cooperate  with the OR gates 211, 239.     the inputs
of the AND gate 233 has the ONE  237, and 238. and inverters 240, the AND
output of the sum  registcr flip-flop of the  gates 233. 235, and 236, the
sum  register 



same stage applied thereto through the cath-  flip-flops and the carry
register flip-flops and 45  ode follower 205 and the other input of the
the interconnecting  cathode followers 205. 110     AND gate 233 has the
ONE output of the  217. 242. and 241 in exactly the same man-     carry
register flip-flop of the preceding stage  ner as their counterparts in the
lower accumu-     applied thereto through the cathode follower  lator to
carr   out the command EMC. Like-     217. Thus. the AND  gate 233 of each
stage  wise the commands CCR. RAC. WAC  CSU. 50  will apply an output
signal to the OR gate   SSL  and SSR are carried out in the same 115
237 whenever the sum  register flip-flop of  manner in the upper
accumulator as they are     such stage is in its ONE state and the carry
in the lower accumulator.     register flip-flop of the preceding stage is
in    In general. the stage of thc lower accumu-     its ONE state. One of
the inputs of the AND  lator normally storing the 2[err] order is con- 55
gate 236 has the output of the OR gate 237  nected to the stage of the
upper accumulator 120     of the preceding stage applied thereto through
normally storing the 2[err] order in the exact     the cathode follower 242
and the other input  same manner as each stage is connected to     of the
AND gate 236 has the output of the  the succeeding and preceding adjacent
stages     OR gate 238 applied thereto. The OR gate  as described with
reference to Figures 9 and 60  238 receives one input from the ONE output
10. The outputs from  the AND  gates 221  125     of the sum register
flip-flop of the same stage  and 222 of the stage of the accumulator nor-
through the cathode follower 205 and the   mallv storing the 2[err]  order
are applied to     other input to the OR gate 238 has the ONE  the sum
register flip-flop in the stage     output of the carry register flip-flop
of the  accumulator normally storing the 2'" order re-     preceding stage
applied thereto through the  pectively through the OR gates  207 and 208.
130        20                                       946,457      Thus, when
the command to shift the sum   the same as that stored by the S flip-flop
of     register right is given, the shift will be circu-  the sum
register. The output from  the OR  35     lar skipping the S flip-flop with
the bit stored  gate 237 of the stage of the accumulator nor-   in the  2"
flip-flop  being  transferred  to   mally storing the 2[err]  order is
applied to the 5   the 2[err] flip-flop and the bit stored in the 2[err]
respective inputs of the OR  gate 239, the     flip-flop being transferred
to the 2[err] flip-  AND gate 235 and the AND gate 236 of the     flop. The
outputs of the AND gates 221 and  stage of the accumulator normally storing
the  40     222 of the stage of the accumulator normally  2[err] order. The
output of the OR gate 237 of     storing the 2" order are applied to the
sum   the stage of the accumulator normally storing 10  register flip-flop
in the stage of the accumula-  the 2[err] order is applied to the
respective in-     tor normally storing the 2[err] order rather than  puts
of the OR gate 239, the AND gate 235     in the stage normally storing the
sign. The  and -the AND gate 236 of the stage of the  45     stage of the
accumulator normally storing the  accumulator normally storing the sign.
The     sign is not provided with AND gates  221   ONE output of the 2[err]
flip-flop of the carry 15  and 222. The outputs of the AND gates 203
register is applied to the respective inputs of     and 204 of the stage of
the accumulator nor-  the AND  gate 235, the OR gate 239. the OR     mally
storing the 2[err] order are applied to the  gate 238 and the AND gate 233
of the stage  50     2[err] flip-flop of the sum  register. The stage  of
the accumulator normally storing the 2[err]     of the accumulator normally
storing the 2[err]  order.  The ONE   output   of  the  2[er] 20  order is
not provided with AND gates 203  flip - flop    of  the   carry  register
is     and 204. Thus. when the command SSI. is  applied  to  the
respective  inputs of the     given the entire sum register will be shifted
AND  gate 235, the OR gate 239, the OR  55     left in a noncircular manner
with the bit  gate 238, and the AND gate 233 of the stage     stored in the
2[err] flip-flop of the sum register  of the accumulator normally storing
the sign. 25  being transferred to the 2[err] flip-flop of the  Thus, when
the command to empty the carry     sum register and the bit stored in the
2[err] flip-  register is given, the contents of the entire 24     flop of
the sum register being discarded. The  stages of the carry register is
emptied into the     S flip-flop of the sum register will maintain  sum
register.     its same state because no digit is shifted into    Whenever
the command to add the contents 30  it. When the command SSL is given the S
of the addend register to the accumulator is     flip-flop will cause a bit
to be shifted into  given,  the flip-flops of the sum  and carry     the
2[err] flip-flop of the sum register each time  registers of the upper
accumulator must be  65     the command SSL is given which bit will be  set
in accordance with Table III.
TABLE III 



Before Addition                     After Addition                  Sum
register   carry register       sum register     carry register
flip-flop        flip-flop          flip-flop         flip-flop
1                1                   0                1
1                  0                       0               1
0        0                        0       0                            0
0          TABLE III shows the states to which the  the corresponding sum
register flip-flop con-  80     sum  register flip-flop and the carry
register  tains a ZERO. As shown in Figure 10, when 70  flip-flop of any
one of the stages of the upper  the command to add the contents of the
accumulator must be set when the command  addend register to the
accumulator is given  a     to add the contents of the addend register to
signal will be applied from  the ADD input     the accumulator is given
depending upon what  to AND gate 251 of each stage of the upper  85
states the sum register flip-flop and the carry  accumulator. Another input
to the AND gate 75  register flip-flops are in prior to the com-  251 is
applied from the ONE output of the     mand.
carry register flip-flop  of the same stage        From  this table it can
be seen that the   through the cathode follower 217. A third in-      carry
register flip-flop  must be switched.  put to the AND gate 251 is applied
from the  90      when and only when, it contains a ONE and  ZERO output of
the sum register flip-flop of              946 457
21       the same stage through the cathode follower  each stage of the
addend register will pass      206. When signals are applied to all three
of  through the cathode followers 264 and 265      these inputs of the AND
gate 251 of any one  through the enabled AND gates 262 and 261      of
[err] stages of the upper accumulator it will  to the information
distribution unit. 5  apply an output signal through the OR gate    The
information distribution unit is con-  70     201 to the inverter 202 which
in turn will  nected to the AND gates 260 and 263 of each     produce an
output signal causing the carry  stage of the addend register and the
outputs     register flip-flop of that stage to change its  of the AND
gates 260 and 263 are connected     state. Thus, each carry register
flip-flop of the  to the ONE and ZERO inputs, respectively, 10 upper
accumulator will be switched to it,  of the flip-flop of each stage of the
addend  75     opposite state after the command to add the  register. When
the command to read the word     contents of the addend  register to  the
cxisting in the information distribution unit     accumulator is given,
when and only when a  into the addend register is given, a signal will
ONE is stored  in the carry register flip-flop  be applied from the  WAD
input enabling the 15  of such stage and a ZERO is stored in the  AND gates
260 and 263 of each stage of the  80     sum register flip-flop of such
stage.         addend register. and thus the word existing in       From
Table III it will be evident that the  the information distribution unit
will pass     sum register flip-flop must be switched to its  through the
AND gates 260 and 263 to be     opposite state when the command to add the
registered in the flip-flops of the addend regis- 20 contents of the
addend  register to  the  ter.
85     accumulator is given, if a ONE is stored in    When the command to
complement the     the carry register flip-flop.   To accomplish  addend
register is given, a signal will be     this logical function, an AND gate
250 in  applied from the CAD  input to the comple-     each stage is used.
Each AND gate 250 will  menting input of the flip-flop of each stage of 25
produce an output signal when  it receives an  the addend register and
cause these  flip-flops     input signal from the ADD input and from  to
switch to the opposite state, thus comple-     the ONE output of the carry
register flip-flop  menting the binary number stored in the     of the
same stage  through  the  cathode  addend register.     follower 217. The
output from  the AND        Figure 12 shows the detailed circuitry of the 



30 gate 250 is applied through the OR gale 211  multiplier register in
block form. The multi-  95     and   the   cathode  follower   212   to
plier register comprises 12 substantially iden-     cause the sum  register
flip - flop of the  tical stages. Only the first two, the stages nor-
same  stage  to  change  its  state.  Thus  mally storing the sign and the
2[err] order, and     each flip - flop of the supper sum register  the last
two, the stages normally storing the will be  switched    to its opposite
state after  2' and 2" orders, are shown in Figure 12, the 100     the
command to add the contents of the  middle eight stages being left out for
conven-     addend register to the accumulator is given,  ience of
illustration. The information distribu-     if the flip-flop of the carry
register of the  tion unit is connected to a pair of AND gates     same
stage contains a ONE.                    270 and 271 in each stage. The
outputs from     Figure 11 illustrates in block form the de-  the  AND
gates 270 and 271 are applied to  105     tailed circuitry of the addend
register. The  OR gates 273 and 274, respectively, and the     addend
register comprises 12 stages but only  outputs of the OR gates 273 and 274
are     the first three and last three have been illus-  applied to the ONE
and ZERO inputs of the     trated in Figure 11 with the middle six stages
flip-flop of each stage. When the command to 15  being left out for
convenience of illustration.  read the binary word existing in the informa-
110     Each stage of the addend register is exactly    tion distribution
unit into the multiplier regis-     alike and comprises four AND gates 260
to  ter is given, a signal will be applied from the     263, two cathode
followers 264 and 265 and   WMQ input enabling the AND gates 270 and
one flip-flop designated by  the letters FFA.  271 and the word existing in
the information 20  The ONE and ZERO  outputs of the flip-flop
distribution unit will pass through thc AND  115     of each stage of the
addend register are applied  gates 270 and 271 and the OR gates 273 and
to the cathode followers 264 and 265 respect -  274 to be registered  in
the flip-flops of the     ively. The outputs of the cathode followers
addend register.     264 and 265 are applied to the stage of the    The ONE
and ZERO outputs of the flip- 25  accumulator comprising the corresponding
flip-  flop of each stage of the addend register are 120     flops of the
sum  and carry registers in the  applied to AND gates 275 and 276, respect-
manner described with referece to Figure 9.  ively, through the cathode
followers 279 and     The outputs of the cathode followers 264 and  280,
respectively. The outputs from the AND     265 are also applied to the AND
gates 262  gates 275 and 276 are applied to the infor- and 261.
respectively. When the command to  mation distribution unit. When the
command  125     read out the addend register to the information  to read
the contents of the multiplier register     distribution unit is given, a
signal will be  into the information distribution unit is given,
applied from  the RAD  input to the AND   a signal will be applied from the
RMQ input     gates 261 and 262 of each stage of the addend  to enable  the
AND gates 275 and 276 and the 5  register and the bit stored in the
flip-flop of  contents stored in the flip-flops of the multi- 130        22
946,457     plier register will pass out through  the cathode  initiated by
the microprogramming is the com-     followers 279 and 280  and through the
AND   plete sequence of commands necessary to carry     gates 275 and 276
to the information distri-  out the multiplications of two binary numbcrs,
bution unit.                                   one stored in the multiplier
register and the  5     The outputs from the cathode followers 279  other
stored in the addend register. The com-  70     and 280 of each stage of
the multiplier regis-  mand to call for this sequence of commands is
ter are also applied to the inputs  of AND   designated  MUL   Another
predetermined     gates 277 and 281. The outputs from  the  sequence which
may BE called for by the con-     AND  gates 277 and 281 of each stage are
trol unit is the division of the number regis- 10  applied to the OR gates
273 and 274 of the  tered in the sum register by the number regis- 75
next  succeeding stage.  The outputs from the  tered in the multiplier
register. The command     AND gates 277 and 281 of the stage, of the  to
call for this latter sequence is designated     multiplier register
nornally staring the 2"'  DIV.     order are applied to the OR gates 273
and    The block diagram for the logic circuitry 15  274 of the stage of
the multiplier register nor-  for carrying out the microprogramming of the
mally storing the sign. When the command to  command MUL is shown in Figure
13. When     shift the multiplier register to the left is given,  the
command  MUL is given  a signal will be     a signal will be applied from
the SML input  applied from the control unit 14 to the ONE     enabling he
AND gates 277 and 281 and the  input of flip-flop 101. which is thereby
placed 20  contents of each flip-flop of the multiplier  in its ONE  state.
The resulting signal from  85     register will pass through  the cathode
followers  the ONE output of the flip-flop 101  passes     279 and 280,
through the AND gates 277 and  through the cathode follower 102 and is ap- 



281 through the OR gates 273 and 274 of the  lied continuously to the AND
gates 103 to     next succeeding stage to the flip-flop of the  107, the
AND  gate 142. and to the OR gate 25  next succeeding stage and thus the
multiplier  108. The OR gate 108 passes the signal to the  90     register
will be shifted to the left. The bit  gated oscillator  109 causing the
oscillator 109     stored in the 2[err] flip-flop will pass to the S  to
start oscillating. The oscillator 109 is pro-     flip-flop of the
multiplier register.       vided with two outputs on which it generates
The outputs from the cathode followers 279  alternate output pulses. The
outputs of the 30  and 280 of each stage of the multiplier regis-
oscillator 109 are applied to distributor 110. 95     ter are also applied
to the inputs of AND     The distributor comprises magnetron beam     gates
278 and 282, respectively. The  outputs  switching tubes, which are
disclosed in the     from the AND  gates 278 and 282 of each  text by
Millman and Taub. entitled Pulse and     stage of the multiplier register
are applied to  Digital Circuits published  by  McGraw-Hill  in 35  the OR
gates 273 and 274 of the preceding  1956. As is disclosed in this
publication the     stage. The outputs from   the AND gates 278  magnetron
beam  switching tube produces an     and 282 of the stage of the multiplier
regis-  output signal from any one of a plurality of     ter normally
storing the sign are applied to  of output positions. The output signal may
be     the OR gates 273 and 274 of the stage of the  stepped from position
to position by alternate 40  multiplier register normally storing the
2[err]  pulses applied to the two stepping inputs of  105     order. When
the command to shift the multi-  the tube or may be brought to any position
by     plier register to the right is given, a signal  a signal applied to
an input at that position.     will be applied from the SMR input enabling
The output signal from a magnetron beam     the AND gates 278 and 282 of
each stage in  switching tube is a negative pulse.  Therefore 45  the
multiplier register and the bit stored in  invertors are used at each
output of the beam     each flip-flop of  the multiplier register will
switching tube to provide the distributor 110     pass through the cathode
followers 279 and   with positive output pulses.     280, through the AND
gates 278 and 282 and     The distributor 110 has eighteen output
through the OR gates 273 and 274 of the  positions which are designated
position "0" to 50  preceding stage to be stored in the flip - flop
position  "17" in the  sequence in which the  115     of the preceding
stage. The bit stored in the  output signal of the distributor 110 steps
when     S flip-flop of the multiplier register will pass  advanced by  the
pulses applied to the step-     to the 2[err] flip-flop of the multiplier
register.  ping inputs. The alternate pulses generated on     Thus the
multiplier register will be shifted to  the two outputs of the oscillator
109 are 55  the right.                                     applied to the
stepping inputs of the beam  120        The signals to initiate the
commands to  switching tube 110. The first pulse applied     carry out
operations in the arithmetic unit are  from the oscillator 109, to the
distributor 110     applied to the inputs of the arithmetic unit  will
cause an output  signal to be produced     from  the control unit 14. The
computer is   from the position "0" of the distributor 110. 60  also
provided  with  microprogramming  for  Each succeedine pulse applied to the
stepping     automatically initiating a predetermined se-  inputs of the
distributor will cause the output     -  quence  of  commands  when  the
pre-  signal of the distributor to advance one posi-     determined
sequence   is   called   for  tion.     by   the   control   unit   14.
One   of    When the output signal of the distributor 65  the predetermined
sequences which can be  110 is produced from position "0". it will be  130
946,457                                       23     applied to the AND
gates 112. 113 114 and  The AND gate 104 is enabled by the output    115,
thus enabling these AND gates.  The   signal    from  the ONE output of the
flip-flop    ZERO and ONE outputs of the S flip-flop of   101, so the
signal from the OR gate 125 will    addend register are applied to the AND
pass through the AND  gate 104 through 5  gates 113 and 112, respectively.
The outputs  cathode follower 126 to the CSU  input of the  70     of the
AND gates 113 and 112 are applied to  accumulator thus causing the sum
register to-     the ZERO and ONE inputs of a flip-flop 116.  be
complemented. The ONE output of the flip-     Thus, when the output signal
of the distribu-  flop  117 is applied  through  the cathode     tor is
produced from the position "0", the flip-  follower 120 to AND gate 144.
The ZERO 10  flop 116 will assume the same state as the S  output of the
flip-flop 116 is applied through  75    flip-flop of the addend register
and the sign of  a cathode follower 145 to the AND gate 144.    the binary
number registered in the addend  If the flip-flop 116 is set in its ZERO
state    register will thereby be stored in the flip-flop  and the
flip-flop 117 is set in its ONE state, 



116. The ZERO and ONE outputs from the  then when the output signal of the
distributor 15  S flip-flop of the multiplier register are applied   110
gets to position "1". the output signal will 80     to the AND gates 114
and 115. respectively,  pass through the AND gate 144 to the OR     The
outputs of the AND gates 114 and 115   gate 123. The resulting output
signal from     are applied to the ZERO and ONE inputs  the OR gate 123
will cause the sum register     respectively of a flip-flop 117. Thus when
the  to be complemented in the manner described 20  output signal of the
distributor is advanced  above. Thus, whenever  either the multiplier in
85     to position "0", the flip-flop 117 will assume  the multiplier
register or the multiplicand in     the state of the S  flip flop of the
multiplier  the addend register is negative but not both,     register and
the sign of the number stored in  then the sum register will be
complemented.     the multiplier register will be stored in the   The
output of the OR gate 123 is also 25  flip-fop 117.
applied through the cathode follower 124 to  90       If the flip-flop 116
is set in its ONE state,  the ONE input of the flip-flop 127; Thus,     it
will apply an output signal to the AND  when either the multiplier or the
multiplicand     gate 107 through a cathode follower 118.  is negative but
not both, the flip-flop 127 will     Then when the output signal of the
distribu-  be set to its ONE state. The ONE output of 30  tor is advanced
to the position "1". the output  the flip-flop 127 is applied to an AND
gate  95     signal will pass through OR gate 119, to the  128 through a
cathode follower 129. During     AND gate 107. The AND gate 107 receiving
the time that the output signal of the distribu-     input signals on all
three inputs will apply an  tor is being advanced to the position  "12",
output signal to the CAD input of the addend  the  multiplication operation
is completed. 35  register and thus cause the addend register to  When the
distributor gets to the position "14", 100     be complemented. Similarly.
if the flip-flop  it will apply an output signal to the AND gate     117 is
set in its  ONE state, it will apply an  128. If the flip-flop 127 has been
set in its     output signal through cathode follower 120 to  ONE state.
the AND  gate 128 will then     . the AND gate 103. The output signal from
the  apply an output signal through the OR gate 40  OR gate 119 is also
applied to the AND gate  125. the AND gate 104. and the cathode     103.
The AND gate 103 thus receiving signals  follower 126 to the CSU input of
the accumu-     on all three inputs will apply an output signal  later.
Thus, if an output signal from the OR     to the CMQ input of the
multiplier register  gate 123 causes the sum register to be com -     and
thus cause the number stored in the multi-  plemented when the distributor
110 gets to 45  plier register to be  complemented. Thus. the  the position
"1". then alter the multiplica- 110     addend register will be
complemented it it  tion operation the sum and carry registers will
contains a negative number and the multiplier  be  complemented  again when
the distributor     register will be complemented if it contains a  gets to
the position "14". In this manner the     negative number so that both the
multiplier  product or result obtained in the accumulator 50  and
multiplicand are positive for the multipli-  from the multiplication
operation is given the 115     cation operation.
proper sign in accordance with the signs of        The ZERO output of the
flip-flop 117 is  the multiplier and multiplicand.     applied through  a
cathode follower 121 to    The output signal from  the position "14"
AND gate 122. The ONE output of the flip-  of the distributor is also
applied through the 55  flop    116   is  applied   through   the  OR gate
119 to the AND gates 103 and 107  120     cathode  follower   118  to  the
AND   Thus, if the flip-flop 117 has been  set in its     gate  122.  if
the  flip - flop   117  is  ONE  state, then the AND  gate 103 will     set
in its ZERO state and the flip - flop 116  apply an output signal to the
CMQ input of     is set in its ONE state. then when the output  the
multiplier register when the output signal 60  signal of the distributor
110 gets to the posi-  of the distributor gets to position  "14". Like- 125
tion "1', the output signal will pass through  wise. if the flp- flop 116
has been set in its     the AND gate 122 to the OR rate 123.  The  ONE
state, then when the output signal of the     resulting output signal from
the OR gate 123  distributor gets so its position "14", the AND     will
pass through the cathode follower 124  gate 107  will apply an output
signal to the 65  through OR gate 125 to the AND gate 104.  CAD input of
the addend register. Thus, if 130            24
946,457     the multiplier register is complemented by the    While the
pulses from the oscillator 109 are     output from the AND gate 103 when
the out-  passing through the AND gate 105 they are     put signal of the
distributor 110 gets to the  each causing the output signal of the dis-
position "1" then it will be complemented  tributor 110 to advance one
position so  that again when the output signal of the distributor  when the
eleventh pulse is passing through the  70      110 gets to the position
"14". Likewise, the  AND gate 105 the output signal of the distri- 



addend register will be complemented when  buzor will be advanced to the
position "12".      the output signal of the distributor gets to the  When
the distributor gets to the position "12"      position "14" if it was
complemented by the  the output signal will be applied to the ZERO 10
output from the AND gate 107 when the out-  input of the flip-flop 130. The
flip-flop 130  75      put signal of the distributor advanced to the  will
then be switched to its ZERO state and  position "1". Thus, the proper sign
is restored  the AND gate 105 will no longer receive an      to the
nultiplier and multiplicand after the  enabling signal from the ONE output
of the      multiplication, operation is carried out.   flip-flop 130.
Thus, the addition and shifting 15    When the output signal of the
distributor  operations will cease after eleven pulses.  80      gets to
the position "1" it also causes the flip-    The next pulse from the
oscillator 109 will      flop 130 to be switched to its ONE state. The
cause the output signal of the distributor 110      flip-flop 130. however,
has an inherent delay  to step to the position "13" and the output      so
that it does not switch until the comple-  signal will be applied through
the enabled 20  menting operations described above are carried  AND  gate
106 at the EMC  input of  the  85     out. When the flip-flop 130 is in its
ONE  accumulator. Thus the carry register will be     state, it applies an
output signal through cath-  emptied when the output signal of the distri-
ode follower 131 to the AND gate 105. The  butor gets to position "13".
alternating output pulses from the two outputs    The next pulse from the
oscillator 109 will 25  of the oscillator 109 are applied through an  cause
the output signal of the distributor 110      OR gate 111 to the AND gate
105. After the  to step to the position "14"  and the output
distributor has been advanced to the position  signal still be applied to
the AND gate 128      "1" each succeeding pulse from the OR gate  and to
the OR gate 119 to carry out the      111 will pass through the AND gate
105,  operations already described 30  enabled by the signals from the ONE
outputs    When the output signal of the distributor  95      of the
dip-flops 130 and 101.                 110 steps to the position "15", the
output        Each pulse passing through the AND gate  signal will be
applied to the flip-flop 127 to      105 is applied to an AND gate 136 and
to a  switch it back to its ZERO state. This output      blocking
oscillator 137. The ONE output of  signal from  the position "15" will also
be 35  the 2  flip-flop of the multiplier register is  applied through AND
gate 142 and through  100      applied through the cathode follower 279 to
the OR gate 109 to the SMR and SSR inputs      the AND gate 136. The output
from the AND   of the multiplier register and accumulator.      gate 136 is
applied to the ADD  input of  respectiely thus causing the multiplier
regis-      the accumulator. Thus, when the 2  flip-flop  ter and the sum
register to be again shifted 40  of the multiplier register is in its ONE
state  right. This last operation brings the number 105      and a pulse
passes through the AND gate 105,  stored in the sum , carry and multiplier
regis-      this pulse will pass through the AND gate  ters to their normal
positions in these registers.      136 to the ADD input of the accumulator
and    The output signal from the position "15"      cause the contents of
the addend register to be  of the distributor is also applied to the ZERO
45  added to the accumulator. The blocking oscil-  input of the flip-flop
101 to switch this flip-     lator 137. in response to each applied pulse,
flop to its ZERO state.  When the flip-fop     will apply an output pulse
through a delay  101 is switched to its ZERO  state, it will     line 138
to an OR gate 139. The output of the  apply an output pulse through cathode
follower     OR gate 139 is applied to the SMR and SSR   143 back to the
control unit to indicate that 50  inputs of the multiplier and sum
registers.  the multiplying operation has been completed.     respectively.
Each pulse from  the blocking  Also, the signal from the ONE output of the
oscillator 137 will pass through the OR gate  flip-flop 101 will no longer
be produced so the     139 to the SMR and SSR inputs and cause  AND gates
103 through 106 and 142 will no     the multiplier ard sum register to be
shifted  longer be enabled and the oscillator 109 will 55  right. The delay
line 138 effects a delay sub-  stop generating output pulses.           120
stantially less than the time interval between  Figure 14 shows the logic
circuitry in block     pulses passing through the AND gate 105 as  form for
the microprogramning of the divi-     generated by the oscillator 109.
Thus, each  sion operation. The  logic circuitry for the     pulse passing
throguh the AND gate 105 will  microprogramming of the division operation
60  cause the number stored in the addend register  utilizes the OR gatc
IOS, the gated oscillator 125     to be added to the accumulator if the 2"
flip-  109, the distributor l10, and the OR gate 111     flop of the
multiplier register contains a ONE   which are also used in the logic
circuitry for     and after a short delay will also cause the  the
microprogramming of the multiplication     multiplier register and the sum
register to be  operation as is described with reference to 65  shifted one
place to the right                Figure 13.
130        



946.457                                       25          When the  command
DIV is given by the  "O"   if the S flip-flop of the sum register is
control only 14 a  signal will be applied to  the  in its ONE state and the
S flip-flop of the       input designated DIV in Figure 14.      multiplier
register is in its ZERO state. Thus,       This  signal is applied to the
ONE inputs     if the sign of    the divisor stored in the   5  over the
flip-flops 152  and 153 to switch these  multiplier register is opposite
from   that of the  70 flip-flops to their ONE states.    When the flip-
sign of the dividend stored in the sum register,       flop 152 is in its
ONE state it  will apply  a  then the flip-flop 190 will be placed in its
ONE       continous  output signal through  cathode  state, thus storing
the negative sign of the       follower 163 to AND gates 160, 165a, 194,
quotient.  10  198  and 195. This continous output signal    The signal
from position "O" of the dis-  75     is also applied to the accumulator to
gate the  tributor 110 passing through cathode follower       output of th
stage of the accumulator nor-  154 is also applied to AND gate 168. The
mally storing the 2[err] order to the stage of the  ONE output of the S
flip-flop of the sum       accumulator   normally  storing the sign so that
register is applied to the other input of AND       when the command EMC
is given the carries                                            gate 168.
Thus the AND gate 168 will pro-  80       will be passed    along to the
sign stage instead    duce an output signal when the distributor       of
the  stage normally  storing the 2[err]  order  output signal gets to
position "O "  if the sign       and so that when the command  SSL is given
of the dividend is negative.  This output       the bit shifted out of the
2[err] flip-flop of the       signal will be applied through the   enabled
sum register  will be transferred to the S flip-    AND gate 194 through
cathode follower 196  85        signal of the flip-flop 152,  is also
applied  to the CSU input of the accumulator. Thus       through the
cathode follower   163   through the  the sum register will be complemented
when       OR  gate 108 to actuate the oscillator 109    the output signal
of the distributor 110 gets  25,    The oscillator 109  in response to
receiving     to position "O" if the sign of the dividend       the  signal
from  the  flip-flop 152  will start  stored in the sum register is
negative. The  90       applying pulses to the stepping inputs of the
output signal from position "0" of distribu-       distributor 110. The
first pulse from the gated  tor 110 passing through cathode follower 154
oscillator 109  applied to  the distributor  110  is also applied to AND
gate 166. The ONE  30  will cause the output signal of the distributr
output of the S flip-flop of the multiplier       to be produced from
position "O" of the  register is applied to the other input of AND   95
distributor. The output signal from the posi-   gate 166. Thus the AND gate
166 will pro-       tionl "0"  of the distributor  110   will pass  duce an
output signal when the distributor       through the AND  gate 160   and
through  cath-   110 gets to position "O" if the sign of the  35   ode
follower 154.                            divisor stored in the multiplier
register is         This signal passing through the  cathode   negative.
The output signal of the AND gate  100       follower 154 is applied to the
AND gates 155  166 is applied through OR  gate 187 and       and 159. The
ONE output of the S flip-flop   cathode follower 188 to the CMQ input of
of the multiplier register is applied to another  the multiplier  register.
Thus the multiplier  40  input of the AND gate 155 and the ZERO   register
will be complemented when  the output       output of the S flip-flop of
the sum  register is  signal of  the distributer 110 gets to position  105
applied to the third input of the AND gate      "O" if the sign  of the
divisor stored in the       155. The ZERO output of the S flip-flop of
multiplier register is negative. The signs of       the multiplier register
is applied to another  the divisor and the dividend are thus made  45
input of AND gate 159 and the ONE output  positive before  the  start of
the division       of the S flip-flop of sum register is applied 10
operation.                                110       the third input of the
AND gate 159. The      The output signal from position "0" of       outputs
from the AND gates 155 and 159 are  distributor 110 passing through the
cathode       both applied to OR gate 166a and the output  follower 154 is
also applied to a series of AND  50  of OR gate 166a is applied through a
cathode   gates 161a allowing a binary number to pass       follower 165 to
the ONE input of a flip-flop  from the lower live stages of the information
115'       190. Thus  if either of the AND gates 155  distribution unit
through  the AND  gates 161a       or 159 receive signals on all three
inputs, they  to be registered in the flip-flops of a five stage       will
produce an output signal which will be  counter 160a.  This number read
into the   55  applied through the OR gate 166a  through  counter 160a
determines where the binary       cathode follower 165 to set the flip-flop
190  point will be in the quotient.           120       in its ONE state.
When the output signal of    The output signal from position " O"   of
the distributor 110 gets to position "O  . the  distributor 110 passing
through the cathode       AND  gate 155 will receive signals on all
follower 154 is also applied through OR gate   three of its inputs if the S
flip-flop of the  157 to the ONE input of flip-flop 158 scting
multiplier register is in its ONE state and  this flip-flop in its ONE
state. When the 125       the S flip-flop of the sum  register is in its
flip-flop 158 is in its ONE state it will apply 



ZERO state.  Likewisc, the AND gate 159  a continuous signal through
cathode follower       will produce an output signal when the output  167
to AND gate 162a.   15  signal of the distributor 110  gets  to position
The output signal from position   0  of             26
946,457       the distributor 110 is also applied through a  is made to
stop the computer in such a case.      delay line 184 through OR  gate 185
and  The ZERO output of the 2[err] flip-flop of the      cathode follower
186 to the counter 160a to  multiplier  register is applied to the AND gate
cause the count registered therein to  increase  179. When the output
signal of the distribu- by    ONE. Thus after the number has been  tor 110
gets to position  "10 ", it will pass  70      read into the counter from
the information  through the delay line 178 to the AND gate
distribution unit the count registered in the  179. Tbus. if a ONE  has not
yet been      counter will be increased by ONE.             shifted into
the 2[err] flip-flop of the multiplier        The output signal from
position "O" of  register, the AND gate 179 will pass the out- 10  the
distributor  110  passing  through  the  put signal from position " 10"  of
the distribu-  75      cathode follower 154 is also applied through  tor to
the ONE input of the flip-flop 180      a delay line 153 to the ONE input
of flip-flop  switching the flip-flop 180 to its ONE state.      161 to set
this flip-flop in its ONE state.  The ONE  output of the flip-flop  180 is
The ONE  output of the flip-flop 161 is  applied to cathode follower 181
and the out- applied through cathode follower 162 to the  put signal from
the cathode follower 181 stops   80      AND  gate 176.  The ZERO  output
of the  the computer. The ONE output of the flip-      2 [err] flip-flop of
the multiplier register is also  flop 180 also energizes an indicating lamp
182      applied to AND gate 176. Pulses from both  so that the operator
will know why the com-      sides of the gated oscillator 109 are applied
puter has been stopped. The flip-flop 180 20  through OR gate 111 to the
third input of the  may be set back  to its ZERO state by a signal  85
AND gate 176. The output of the AND gate  applied to the  ZERO  input of
the flip-flop      176 is applied through cathode follower 177  180.
through OR gate 152a and cathode follower    The output signal from
position " 10" of      153a to the SML input of the multiplier  the
distributor also is applied to the ZERO 25  register. Thus, after the
output signal of the  input of the flip-flop 161, setting the flip-flop  90
distributor 110 gets to position  "O"    the  161 back to its ZERO state.
Thus, the AND      flip-flop 161 will be switched to its ONE   gate 176 no
longer receives an enabling, signal      state after a short delay. The
delay will be  from the ONE output of the flip-flop 161 and      less than
the time between pulses from gated  no further pulses from the OR gate 111
can 30  oscillator 109. Thus each succeeding output  pass through the AND
gate 176.      pulse from the gated oscillator 109 will pass   When the
output signal of the distributor      through the OR gate 111, through the
AND   110 gets to position "11". the output signal      gate 176 and the
cathode follower 177, and  will pass through the enabled AND gate 173
through the OR gate 152a and the cathode  to the RMQ input of the
multiplier register 35  follower 153a to the SML input of the multi-  and
to the blocking oscillator 174.  Upon  If'      plicr register.  Each of
these pulses will  receiving this signal the blocking oscillator      cause
the multiplier register to be shifted left.  will apply a signal to the WAD
input of the      These pulses will be continucd to be applied  addend
register. As a result. the divsor will      until a ONE is shifted into the
2[err] flip-flop  be read out of the multiplier  register to the 40  of the
multiplier register. at which time the  information distribution unit and
from  the  105      AND gate 176 will no longer receive an en-  information
distribution unit the divior will      abling signal from  the ZERO output
of the  be stored in the addend register. The divisor      2[err] flip-flop
of the multiplier register. Thus,  will of course retain its aligned
position with      the divisor in the multiplier register is shifted  the
most significant digit in the 2[err] flip-flop 45  left. until the most
significant digit of the  of the addend register.     divisor is shifted
unto the 2[err] flip-flop multi-    The output signal of the blocking
oscillator     plier register.                            174 is also
applied to the ZERO input of the        The output pulses passing through
the AND   flip-flop 153 setting this flip-flop to its ZERO      gate 176
are also applied through OR gate  state. The ZERO output of the flip-flop
153 50  185 and cathode follower 186 to the counter  is applied through
cathode follower 152 to      160a to cause the count registered therein to
AND gate 165a. The pulses from  one side      increase by ONE with each
pulse. Thus the  of the gated oscillator 109 are applicd to the      count
in the counter 160a will be increased by  third input of AND gate 165a The
flip-flop      a number equal to the number of times the  165a receiving
enabling signals from both the 



55  multiplier register has been shifted left.    ZERO  output of the
flip-flop 153 and the  120        While the multiplier register is being
shifted  ONE output .f the fliflop 152 win pass the      left and the count
stored in the counter  160a  pulses from  the gated oscillator 109. From
is being increased, the output signal of the  the AND  gate 165a, the
pulses will pass      distributor is being advanced. By the time  through
cathode follower 164a. 60  the output signal from  the distributor 110
The first output pulse from   the gated      gets to position " 10 "  a ONE
should be  oscillator 109 pasing through cathode follower      shifted into
the 2[err] flip-flop of the multiplier  164a  will pass through enabled AND
gate.      register. If a ONE has not been shifted into  162a to energize
the blocking oscillator 199.      the 2[err] flip-flop of the multiplier
register, this  The output from the blocking oscillator 199 means that the
divisor is ZERO. Provision  is applied to the CAD output of the addend
946,457                                      27     register thus causing
the addend register to be  the delay lines 146, 149, 151, 151a, 154a. and
complementes . The output from the blocking  l65a are such that the entire
sequence is     oscillator 199 is alos applied through a delay  completed
during the interval between pulses.     [err]  146 and  through an OR gate
147 to    The second pulse from the gated  oscillator breaking   oscillator
148. The output from   passing through the cathode follower 164a will  70
blocking oscillator 148 is  applied through  not pass through the AND gate
162a since it     cathode follower 189 to the ADD input of the  no longer
will be receiving an enabliig signal     accumulator. Thus after the addend
register  from the ONE output of the flip-flop 158.     is complemented,
the contents of addend  The ZERO  output of the flip-flop 158 is 10
register  will be added to the accumulator.  applied through cathode
follower 169 to AND  75     The output fromn the blocking oscillator 148
gate 163a. The second pulse from the gated     is also applied through
delay line 149 through  oscillator 109 passing through the cathode
cathode follower 175 to the EMC input of  follower 164a will pass through
the AND gate     the  accumulator  thus  causing  the  carry  163a and
through the OR gate 147 to energize register to be emptied into the sum
register  the  blocking  oscillator  148. The ouput 80     after the
-addition operation. The  process of  signal of the blocking oscillator 148
is applied     emptying the carry  register is done in the  through cathode
follower 189 to the ADD in-     special manner described for carrying, out
put of the accumulator, thus causing the con-     division because the
output signals from the  tents of the addend register to again be added
2[err] stage of the accumulator are applied to  to the accumulator. The
output signal from  85     the sign stage instead of the 2  stage of the
the blocking oscillator 148 will also pass     accumulator due to the
enabling signal pplied  through delay line 149 and cause the carry     from
the ONE output of the flip-flip 152.  register to be emptied, the carry
register to     The   output  signal from  the delay line  149 is  be
cleared, a ONE to be stored in the 2 flip- also applied through a delay
line 15la to the  flop of the multiplier register if the resulting     CLC
input of the accumulator, thus clearing  number in the sum  register is
positive and     the carry  register after the carry register has  cause
the multiplicr register to be shifted left     been emptied. The output of
the delay line  and the sum register to be shifted left in the     149 is
also applied  through a delay line 151  same manner as described above.
This same through the enabled AND gate 195 to block-  sequence of
operations  will occur each time a  95     ing oscillator 183.  The output
from the  pulse from  the gated oscillator 109 passes     blocking
oscillator 183 is applied to the AND   through the AND gate 163a. Each
succeed-     gate 155a. The ZERO output of the S flip-  ing pulse from  the
gated oscillator 109     flop of the  sum  reeister iss applied to the
passing through the cathode follower 164a will 35  other input of the AND
gate 155a. The out-  either pass through the AND gate 162a or 100     put
of the AND gate 155a is applied to the  the AND gate 163a.     ONE input of
the 2 flip-flop of the multiplier    Each time the S flip-flop of the  sum
register. Thus, after the carry register has  register is switched to its
opposite state indi-     been emptied, a ONE will be placed in the  caring
that the sign of the number resulting 40    2[err]  flip-flop of the
multiplier register if the  in the sum  register has been switched, a 105
S flip-flop of the sum registcr is in its  ZERO   signal will be applied
through OR gate 156     state, or in other words if the number remain-  and
through the OR gate 157 to the ONE     ing in the sum register is positive.
The  input of the flip-flop 158 to switch the flip-     output from  the
blocking oscillator 183 is  flop 158 to its ONE state. Thus     each time
45  also applied through delay line 156a and  the sequeace of operations
caused by a pulse 110     cathode follower 157a to the SSL input of
passing through the AND gate 163a results in     the accumulator. Thus, the
sum register will  the sign of the number in the sum register 



be shifted left in the special manner described  being switched. the next
pulse from the gated     with respect to the division operation  whereby
oscillator 109 passing  through the cathode     the bit stored in the
2[err] flip-flop to the sum   follower 164a will pasS through the AND gate
115     register is transferred to the   S flip-flop of  162a and cause the
sequence of operations     the sum register instead of the 2[err] flip-flop
of  decribed for the AND gate 162a. As ex-     the sum register. The output
from the block-  plained above. a pulse passing through AND     ing
oscillator 183 is also applied through a  gate 162a wil cause the flip-flop
158 to delay line 154a and through OR gate  152a  switch to its ZERO state.
Thus ordinarily 120     and cathode follower 153a to the SML input  the
following pulse from the gated  oscillator     of the multiplier register.
Thus,    the  multi-  109 passing through the cathode follower     plier
register will be shifted left. The  output  164a, would pass through the
AND gate 163a     pulse passing through the AND gate 162a is  and cause the
sequence of operations described  also applied through the delay line 170
to the  for this AND gate.   However, should the 125     ZERO input of the
flip-fop 158 setting the  operations caused by the pulse passing through
flip-flop 158 back to its ZERO state. This  the AND gate 162a result in the
sign of the     same sequence will occur each time a pulse  number in the
sum register being switched  the     from the gated oscillator 109 passes
through  flip-flop 158 will be switched back to its ONE the AND  gate 162a.
The delays imposed by  state again after it has been switched to its 130
28       ZERO  state by the pulse passing through  operation. When the
flip-flop 152 switches      delay line 170 and the following pulse from
back to its ZERO state, it will apply a  signal      the gated oscillator
109 passing through the  back to the   control unit indicating that the
cathode follower 164a will again pass through  division operation has been
completed and      the AND gate 162a. This eflect 's achieved  that the
program  may proceed to the next      by designing the delay line 170 to
cause the  step. The ZERO output from  the flip-flop      switching of the
flip-flop 158 to its ZERO   152 is also applied to the ZERO input of the
state before the pulse passing through the   flip-flop 190. to switch this
flip-flop back to      cathode follower 175 causes the carry register  its
ZERO state. 10  to be emptied. Thus each time a pulse    The memory unit
can best be understood     passing through either the AND gate 162a or  by
referring to the block diagram of the en-     the AND  gate 163a causes the
sign of the  tire memory unit shown in Figure 15 in con-     resulting
number in the sum  register to be  junction  with the Figures 16 to 29
illustrating     switched, the following pulse from the gated  details of
the parts of the memory unit.    The 15  oscillator 109 passing through the
cathode  storage core matrix, designated  by  the refer-     follower 164a
will pass through the AND gate  ence number 301 in Figure 15, comprises a
162a and cause the sequence of operations  stack of 12 tiers of cores, each
tier being just     described for this AND gate. If the sign of  like the
tier illustrated in Figure 16.     the  number in  the  sum  register is
not    Assuming for purpose of description that the 20  switched, the
following  pulse  will  pass  tiers of cores are stacked  vertically, then
12     through the AND  gate 163a and cause the  bit binary words are
stored in the matrix. with     sequence of operations described for this
AND   each bit of each word being stored in a     gate. It will be observed
that both sequences  corresponding core of a separate tier in the     of
operations are identical except that the  matrix, the corresponding cores
being the 25  pulse passing through the AND  gate 162a  cores which are
vertically aligned in the matrix.     will first cause the addend register
to be  The storage cores of the matrix are of the     complemented.
ferrite type having square hysteresis loops and       Each pulse from  the
gated oscillator  109   thus are capable of assuming two stable states
pasing through the cathode follower 164a will  and require a pulse of
predetermined size and 30  also pass through the cathode follower 159a
direction to switch them from one state to the     to cause the count
registered in the counter  other.  The state which the core assumes
160a to decrease by. ONE. These tperations  represents the bit stored in
the core.     will continue for each pulse passing through    Each tier of
cores comprises a total of 256     the cathode follower 164a until the
count  cores and thus the matrix has a capacity of 35  registered in ihe
counter 160a decreases to  256 12 bit words. The memory is divided     ZERO
at which time the counter will produce  vertically  into two halves,
storing 128 words     an output signal, which  will be applied back  each
and designted the B section  and the C     to the ZERO input of the
flip-flop 152 and  section.   The C section is further divided     cause
the flip-flop 152 to be switched back to  vertically  into four equal
parts,   storing 32 



40  its ZERO state. The resulting number in the  words each and designated
as the CA, CB.     multiplier register wil be the  absolute value    CC,
and CD  sections. The relative pasitions     of the quotient.  If the
flip-flop 190 is in its  of these sections on each tier is shown in     ONE
state indicating that the sign  of the  Figure 17.     quotient is to be
negative  the AND gate 192    As shown in Figure 16 each tier of the 45
will be enabled by the signal from  the ONE   matrix has 16 coumns of cores
and 16 rows     output of the flip-flop 190 through cathode  of cores. The
storage cores are designated     follower 191. The output signal from  the
generally by the reference number 421. A     counter 160a  would then pass
through the en-  different one of a series of conductors desig-     abled
AND gate 192 and the cathode  follower  nated X[err] to X[err] passes
through each column 50  193. through the enabled AND gate 198. and   of
cores. A different one of a series of con-     through the OR  gate 187 and
the cathode  ductors Y[err] to Y[err]  passes through each row of
follower 188 to the CMQ input of the multi-  cores. as groups, the
conductors X[err]  to X[err]     plicr register thus causing the quotient
to be  shall be referred to as the X conductors and     complemented. Thus
the proper sign is given  the Y[err] to Y[err] conductors  shall be
referred to 55  to the quotient.                              as the Y
conductors.       After the flip-flop 152 is switched back to   To select
one of the cores to be switched to     its ZERO state, the gated oscillator
109 will  the opposite  state, current pulses are applied     no longer
receive enabling signals from  the  simultaneously  to one of the series of
con-     flip-flop 152 and, will stop producing pulses  ductors X[err] to
X[err]   and to one of the series of 60   and  the AND gates 160. 165a,
194. 198. and  conductors Y[err] to Y[err]. The current pulses are     195
will also  no longer receive enabling  chosen to be of such sizes, that the
core which     signals.  Likewise, the output from  the 2[err]    is
commonly threaded by both the X  con-     stage of   the accumulator will
no longer be  ductor and the Y conductor will receive suffi-     gated to
the sign stage of the accumulator but  cient power from the combined
currents 65  will be gated to the 2[err] stage as in normal  flowing in the
X conductor and  the Y con-
946,457                                       29    ductor to cause the
commonly threaded core to  The Z[err] conductor in each  tier is threaded
change its state, provided the current pulses   througb all the cores in
the tier which are in    have the right polarity. The current pulses  the
CC and CD sections of the tier. The Z[err]    are chosen to have a small
enough magnitude  conductors of the matrix are pulsed by the Z[err] at the
cores which are threaded  by only  drives, which are designated in Figure
15 by  70    one of the selected X or Y conductors to no. the reference
number 303. The Z  conduc-    receive sufficient power to cause them  to
tors of the matrix are pulsed by the Z driven    change their states.
.    304. If the selected word position in which       Since all the tiers
are identical, each tier  the binaryword to be stored is in the CA, CB,
will have conductors X[err] to X[err]  and Y[err] to Y[err] .  or B
section, the Z[err], driver will apply a current  75     all of the X
conductors having the same  wave form 319, shown in Figure 18, to the Z[er]
designation are connected together in series  conductor of those tiers
where a ZERO is to     and all of the Y conductors having the same  be
stored in the selected core. If the binary     designation are connected
together in series.  word is to be stored in the CC or CD section,     Each
series connected group of conductors  the Z[err] conductors of those tiers
in which the  80     which have the same designation shall be  selected
core is to store a ZERO will receive     referred to by that designation.
the current wave form 319 from the Z[err] driven       When a word is to be
read out from or  304. The wave 319 is applied to the selected    stored in
the storage core matrix, the switch  Z conductors at the same time the wave
form    core matrices, designated 302 in Figure 15  318 is being applied to
the selected X and Y  85    select the desired group of like designated.
conductors. The wave form 319 comprises an    series connected X conductors
and the desired  elongated positive current pulse 324 which is    group of
like designated, series connected Y  applied to the selected Z conductors
in the    conductors and apply simultaneously to each  d-iection indicated
by the arrows in Figure    parallel connected groups a current wave form
16. Figure 18 illustrates the time relation-  90    318 shown in Figure 18.
The ware form 318  ship between the wave forms 318 and 319.    comprises a
positive pulse 322 and a negative  As shown in Figure 18, the current pulse
324    pulse 323.  When the wave form is applied to  starts in the interval
between the pulses 322    a selected, series connected group of X or Y  and
323 and lasts until after the pulse 323.    conductors it is applied with
such a polarity  After the pulses 322 have been applied, the  95    that
the current of the positive pulse flows in  selected core in each tier will
be in its ZERO    these conductors in the direction of the arrows  state.
Then when the pulses 323 are applied,    in Figure 16. The pulses 322 and
323 are of  the selected core in each tier, which does not 



insufficient amplitude  alone to  cause any  have a pulse 324 applied on
its Z conductor,  change of state in the cores but the core in   will be
switched from its ZERO state to its 100     [err] which  is commonly
threaded by the  ONE state. The selected cores in those tiers     selected
X  and Y  conductor will receive  which do have pulses 324 applied on the
enough power from the pulses 322 flowing in  appropriate Z conductors will
not be switched,     both the X and Y conductors to cause that  because the
current flowing in the Z conduc-     core to sn-itch to a first
predetermined state.  tors will cancel out part of the current flowing  105
This first predetermined state is used to store  in the selected X and Y
conductors so that the     the binary numeral ZERO and accordingly
selected core does not receive sufficient power     this first
predetermined state shall be referred  to be switched to its ONE. state.
Thus, by     to as the ZERO state. The opposite state of  pulsing or not
pulsing selected ones of the  each core is used to store the binary number
Z[err] conductors if the word is to be stored in  110     ONE and hence
this opposite state shall be  the B. CA, or CB section or by pulsing or not
referred to as the  ONE  state. When the  pulsing selected ones of the
Z[err] conductors if     pulses 322 are applied. some of the selected  the
word is to be stored in the CC or CD     cores may  already be in their
ZERO states.  sections, any binary word can be stored in any     These
cores will be  unaffected  by the pulses  selected address.
115     322 and thus after the pulse 322. all of the    By using both the
Z[err] and Z[err] conductors. a     selected cores will be in their ZERO
states.  24 bit word or two 12 bit words can be     Following the
application of the pulses 322.  simultaneously stored in the core matrix.
The     the pulses 323 will be applied to the selected  selected address in
the matrix for one of the  X   and Y conductors and as a result. all of the
12 bit words will be in the CA or CB section  120     selected cores would
tend to be switched to  of the matrix and the selected address for the
their ONE state so that the binary number  other word will be in the CC or
CD section     1111111111l  would be stored in the selected  of the matrix.
The cores of both selected     address.
addresses must   be threaded by the same series       To store the desired
binary word. the Z  connected group of X conductors. To carry  125
conductors are used. There are two Z con-  out the operation the switch
core matrices will     ductors. Z[err] and Z[err]. for each tier. The
Z[err]  apply the current wave form 318 to one of the     conductor in each
tier is threaded through all  Y conductor groups Y[err], to Y  and one of
the     the cores in the tier which are in the B section  Y  conductor
groups Y[err] to Y[err] and one of the  and which are in the CA and CB
sections.  X conductor groups  X[err] to  X[err]. Thus, there 130
will be two addresses at which the selected X   words to the memory
accumulator bus, only     and Y conductors intersect and at these two  two
addresses are selected, one in the CA     intersections two 12 bit, words
will be stored  section and the other in the CC section.     When a 24 bit
word is stored in the matrix,    The detailed circuitry of the switch core
5   the two halves of the word are stored in  matrices 302 is illustrated
in Figure 19. The   different positions in the manner deescribed for
switch core matrices comprise 32 permalloy     two 12 bit words. In the
case of a 24 bit  tape-wound bobbin cores of the type having     word, the
CA  and CC  sections should be  square hysteresis loops. The outputs from
the     selected because of the organization of the  switch core matrix
positioned at the top of 10. read out circuits.
Figurc 19 drive the series connected groups of  ii       Each tier of the
matrix has three C con-  conductors X[err] to X[err] of the storage matrix.
ductors, an S[err], an S[err] and an S[err] conductor.  This switch core
matrix shall be referred to as     The S[err] conductors thread the cores
of the CA   the X switch core matrix. The outputs from     and B sections
of the matrix. The S[err] con-  the 16 cores shown at the bottom  of Figure
15  ductors thread the cores of the CB section of  19 drive the series
connected group; of con-     the matrix, and the S conductors thread the
ductors Y[err] to Y[err].. of the storage core matrix.     cores of the CC
and CD  sections of the  This switch core matrix shall be referred to as
matrix.  The S[err], S[err]  and S[err] conductors are  the Y switch core
matrix.   The particular     used to read out words stored in the  matrix.
series connected group of conductors which 20  When the cores of the
selected address receive  each switch core drives is indicated at the out-
the pulses 322, the cores which store a ONE   put of each core. A conductor
325 is wound     will be switched to their ZERO state and this  around each
one of the 32 switch cores in     switching will cause a pulse to be
induced in  series. A DC bias current is applied to the     the S[err] S
[err] or S[err] conductors  which thread the  conductor 325 to bias the
switch cores well 25  cores of the selected address.   The cores  into one
of their stable states. Both the X   90     which store a ZERO will already
be in their  switch core matrix and the Y  switch core 



ZERO state and therefore will not be switched  matrix are each arranged
into columns and     and will nor induce any pulses in the S con-  rows of
four. In addition to the bias winding     ductors threading them. Twelve
sense ampli-  and the output winding. each switch core has 30  fiers 314
amplify the pulses induced in the  two  additional  windings  which  shall
be     twelve S[err] conductors, twelve  sense amplifiers  referred to as
the first winding and the second     315 amplify the pulses induced on the
twelve  winding.  In the X switch core matrix, the     S[err] conductors,
and twelve sense amplifiers 316  first windings of all the cores which are
in the     amplify the pulses induced on the twelve S.  same column are
connected in series to form 35  conductors.   The outputs of the amplifiers
four conductors. which are designated X[err] to     314, 315, and 316 are
applied to the  memory    X[err]. In the X switch core matrix. the second
read out circuits 313.   When the induced   winding of all the cores which
are in the same     pulses in the S conductors which are caused  rows are
connected in series to form four con-     by the pulses 322. are applied to
the memory   ductors X[err] to X[err]. respectively.  Likewise. 40. read
out circuits 313, they are converted to the   the first and second windings
of the Y switch     dual conductor system and applied to the in-  core
matrices are series connected in columns     formation distribution unit or
the memory  and rows to form the conductors Y[err] to Y[err],
accumulator bus.                               and Y[err] , to Y[err],
respectively.        The fact that there are three S conductors    The X
and Y switch core matrices operate 45  in each tier, makes it possible to
real out up  in the same manner and any selected one of     to three 12 bit
words simultancously. When  the X switch cores and any selected one of the
three 12 bit words or one 12 bit word  and one  Y switch cores can be
operated to produce     24 bit word are to be read out. one of the
simultaneously the current wave form  318 .     words will be    in the CA
section. one will be  This operation is done by driving a selected 50  if
the CB section and the third will be in the  one of the conductors X[err]
to X[err]4[err]. a  selected     CC section.  The switch core matrices will
one of the conductors X[err] to X[err]   a selected     apply the current
wave form 318 to one of the  one of the conductors Y[err] to Y[err] and a
groups of conductors X[err] to X[err]. one of the  selected one of the
conductors Y[err]  to  Y[err]     groups Y[err] to Y[err] one of the groups
Y  to Y[err].  simultaneously with a wave form 321 shown. 55  and one of
the groups Y[err], to VY[err]    . These  will- in Figure 18. The wave form
321 comprises     be at the same  address in these  different sub-  an
elongated current pulse 326.. This current     memory sections specified by
a single index  pulse 326, when applied to the first or second
register.  Pulses will then be induced in all  windings of one of the
switch cores, will have     three S conductors of each tier, amplified by
a polarity to cause a magnetization of the core 60  the amplifiers 314, 315
and 316 and converted   in a direction opposite to that caused by the   125
to the dual conductor system by the memory   DC bias applied on conductor
325.   One     read out circuits and applied to the informa-  current pulse
326 alone. when applied   to one     tion distribution unit, and the upper
and lower  of the windings of one of the switch cores, is     halves of the
memory accumulator bus.          insufficient, to overcome the bias applied
to 65    To read out a 24 bit word or two 12 bit  the core over conductor
325 and therefore the  130
946,457                                        31              cone will
remain  in the stable state to which  distribution unit to be entered into
the B              it is based.   However,  when current pulse  section of
the storage core matrix. The com-              326    is  applied   to
both   the   first  and second     mand  WCA will cause the word existing
in              windings, the bias current will be more than           the
information distribution unit ot be                     [err]  out and the
switch core will switch         entered into the CA section of the storage
core              to the opposite state at the beginning  of the  matrix.
The command WCB will cause   the application of pulse 326 and thus the
pulse             322 will  be induced in the output winding   of  unit to
be entered  into the CB section of the             the switch core. When
the pulse 326 ends,  storage core  matrix. The commmand WCC will
the bias current  will switch the switch core  cause the word existing in
information    distr-   75             back to its original state, and the
pulse 323 bution unit to be entered into the CC section             will
then be  induced in the output winding  of the storage core matrix.   The
command             of the switch core.  Thus, by the selection of
WCD will ause the word existing   in the  in-             the proper one of
the condutors X[err] to X[err]  formation distribution  unit to be entered
into             and X[err], to X[err] any one of the   cores of the  the
CD section of the storage core matrix.  8O             X  switch  core
matrix can be selected,  and   The command RBM will cause  a word   to be
operated to produce the output pulses 322 and   read  out of the B section
of  storage core             323. Similarly, onc of the cores of the Y
matrix  to the  information distribution unit             switch core
matrix  can  be  selected  and   The command  RCA will cause a word to  be
operated simultaneously with the X cores to  read out of the CA section of
the storage   core 



produce the pulses 322 and  323.          matrix to the information
distribution unit.              Thus, to operate the  switch core matrices,
The command RCB will cause a  word stored           the wave form 321 must
be applied simultane-  in the CB section of the storage core  matrix
ously to one of the input conductors Y[err]     to be read out to the
information distribution       Y[err]4[err] one of the input conductors
X[err] to X[err]  unit. The command RCC  will cause  a word  90
one  of  the input conductors Y[err] to Y[err]          stored in the CC
section of the storage    core           one of the input conductors
Y[err]. to Y[err] The   matrix to be read out to the informnation
wave form  321 is generated by the memor- distribution unit.  The command
RCD  will           programmer designated 306 in Figure 15 and  cause the
word stored in  the CD section of the      applied to the selected input
conductors of the   storage core matrix to be read out to the
switch core matrices through the X and Y        information distribution
unit.               drivers 305                           The particular
word position or address     in            When two 12 bit words are to be
entered in    the section  of the  memory selected is deter-          the
storage  core matrix simultaneously   the  mined b, the bnary member stored
in one of      current wave form 321  will be applied to one  tive  index
registers  which  are    designated  100         of the input conductors
X[err] to X[err] to one of  generally in Figure 15 by the  reference
the input conductors X[err] and X[err] to one of the     number 310.  The
control unit 14  will give a         input conductors Y[err] to Y[err] one
of the input  command to select a particular one of the         conductors
Y[err] and Y[err] and one of the input   index registers and the binary
number  stored     conductors Y[err] and Y[err].  When a 24 bit word  in
the selected  of the storage core  105        is to be stored, the input
conductors Y[err] and   matrix  Two of   the five index registers   are
Y[err] should be  selected. When three 12 bit used exclusively   to select
addresses in the B        words are to be read out of the  storage  core
section of the storage core matrix  These two        matrix, or one 12 bit
word and one 24 bit index registers shall be referred to as  the  B1
word, the current wave form 321 will be and B2 index registers. The
remaining three- 110        appled  to the conductor Y[err] to teh
conductor        index   registers  are  used exclusively to select
of the  conductors Y[err] to Y[err] one of the con-    of the storage core
matrx. These  index         ductors X[err] to X[err]. When two 12 bit words
registers shall be referred to as the C1, C2 and        or a 24 bit word
are to be read out or stored    SB2 cause the  Bl and B2 registers, respec-
the conductor Y[err] , and  the conductor, Y wukk    tivelv. to be selected
and the commands SC1        receive the current wave form 321  Of   SC2 and
SC3 cause  the C1, C2  and C3      course one of the conductors Y[err] to
Y[err] one  registers respectively to be    selected.   To   of the
conductors X[err] to X[err] and one of the  carry our the process of
selecting a desired  120      conductors X[err], to X[err] must also
receive the  address in the selected section of the storage      current
wave form 321 when two 12 bit words  core matirx, the correct Input
conductors of      are to be read out.                             the
switch core  matrices must be selected in        When a binary word is to
be stored in or  response to the binary number stored in. the read out of
the storage   core matrix, the  con-  selected index register This
selection  of input  125      trol unit will give  a command initiating the
conductors is carried out by the B register      storing or read out
operation and selecting the  decoder 307  and the C regiser  decoder 308
section of the memory into or out  of which       The details of the B
register  decoder    are      the word is to be read. The command WBM
illustrated in Figure 20. As shown   in this will cause the word existing,
in the information   Figure, the B1 register comprises   seven  flip-
130           32                 9-46.457  flops 451 to 457 to stone a
seven digit binary  439. The output from the inverter 422 is     number.
The ONE outputs from  the fli-  applied to inputs of the AND gates 437 and
flops 451 to 457 are applied to inputs of  438 The output from  the
inverter 423 is     AND  gates 401 to 407, respectively.   The  applied to
inputs of the AND gates 441 and     AND gates 401 to 407 each have two
inputs   443. The output from the inverter 424 is     When the command SB1
is  given, the index  applied to inputs of the AND gates 441 and
register selection logic 311  Figure 15  will  442. The output from  the
inverter 425 is     apply a signal to the other input of each of  applied
to inputs of the AND gates 431 and     the AND  gates 401 to 407. The
outputs  433. The output from the inverter 426 is 10  from the AND gates
40l to 407 are applied to  applied to inputs of the AND gates 431 and     a
series of seven OR gates 411 to 417 respec-  432. The output from the
inverter 427 is     tively. The B2 register comprises seven flip-  applied
to an input of the AND gate 435. 



flops 461 to 467. The ONE outputs of the  The output from the OR gate 411
is applied     flip-flops 461 to 467 are applied to inpputs of  to inputs
of the AND gates 438 and 440 and 15  the AND gates 391 to 397,
respectively. The  the output from the OR gate 412 is applied     AND gates
391 to 397 each have two inputs.  to inputs of the AND gates 439 and 440.
When the command SB2 is given  the  index     the output from the OR gate
413 is applied     register selection logic 311 will apply a signal  to
inputs of the AND gates 442 and 444 and     to the other input of each of
the AXD eates  the output of the OR gate 414 is applied to 20  391 to 397.
The outputs from for AXD   inputs of the AND gates 443 and 444. The
gates 391 to 397 are applied to the OR gates  output from the OR gate 415
is applied to     411 to 417, respectively. When the  command  inputs of
the AND gates 432 and 434 and the     SBl is given, signals will pass from
the  ONE  output from the OR gate 416 is applied to     outputs of those of
the flip-flops 451 to 457  inputs of the AND gates 433 and 434.   The 25
which contain ONE's through the enabled  output from  the OR gate 417 is
applied to an     AND gates 401. respectively and through OR   input of the
AND gate 436. The AND     gates 411 to  417. respectively. When  the  gates
431  to 434 and 437 to 444 each will     command and SB2 is given signals
will pass from   produce an output signal whenever signals are     the ONE
outputs   of those of the flip flops  applied  to all three of its inputs
and the AND 30  461 to 467 which contain ONEs through  the   gates 435 and
436 each will produce an output     AND gates 391 to 397  respectively
through  signal whenever signals are applied to both     the OR gates 411
through  417 respectively,     its  inputs. Thus, the AND gates 431 to 444
Thus. the OR gates 411 to 417 will produce  will produce output signals in
combinations     output signals in accordance with the ONEs  responsive to
the binary number stored in the 35  stored in the flip-flops 451 to  457.
respec-  B1 register whenever the conmmand SBI is     tively, whenever the
command SB1 is given    given and responsive, to the binary number     and
in accordance with the ONE'S stored in     stored in the B2 register
whenever the com-     the flip-flops 461 to 467 whenever  the com-   mand
SB2 is given. For example,  if the     mand SB2 is given. the outputs from
the     selected  register contains the binary number 40  OR gates 411 to
417 are applied to the inputs  1010101.  the AND gates 432. 436. 438 and
of inverters 421 to 427. respectively.  Each  442 will produce output
signals.     of the inverters 421 to 427 will produce a     The output
signals produced by the AND     signal at its output whenever it does not
ages 431 to 444 will cause the X and Y     receive a signal at its input.
Thus. the in-  drivers 305 to apply the current wave form 45  vertes 421 to
427 will produce outputs  signals  321 to selected ones of the input
conductors     in  accordace with the ZERO's stored  in  the      X[err] to
X[err]  ... X[err],. Y[err]  to Y[err] and Y[err]  to     flip-flops 451 to
457 whenever the command   Y[err]... respectively  of the switch core
matrices     SB1 is given and in accordance with the  302.     ZERO's
stored in the  flip-flops  461 to 467   Figure 21 illustrates the details
of the C 50  whenever the command SB2 is given           register decoder.
The C1 register  compriese        The outputs from the OR gates 411 so 417
tive flip-flops 47l to 475 to store five digit      and the outputs from
the inverters 421 to 427  binary  numbers.  The ONE outputs of the      are
applied in different  combinations  to a  flip-flops 471 to 475 are applied
to inputs of      series of 14 AND   gates  431 to 444. The   the AXD gates
501 to 505 respectively . The 55  AND gates 431 to 434 and 437 to 444 each
outputs of the AND gates 501 to 505 are     have three inputs and the AND
gates 435 and  applied to OR gates 531 to 535. respectively     436 each
have two inputs. Whenever  either  The  C2 register comprises five
flip-flops 481     the command SB1 or SB2 is given the index  tO 485. The
ONE outputs of the flip-flops  one of the inputs of each of the AND gates
inputs of AXD gates 511 to 515  respectively      431 to 444. The input to
the B register             The outputs   of the AND gates 511 to 515
decoder over which this signal is applied is  are applied to the OR  gates
531 to 535,      designated by the logical symbolism  SBI -   [err]. The C3
register comprises five      SB2. The output from the inverter  421 is
flip-flops 491 to 495. respectively. The ONE 65  applied to inputs of the
AND gates 437 and  outputs of the flip-flops 491 to 495  are applied  130
946,457                                      33       to inputs of AND
gates 521 to 525. respec-  of each of the AND gates 551 to 560. This
tively.   The  outputs of the AND gates 521 to  signal  will be applied on
the input in Figure      525; are applied    to the  OR gates 531 to 535.
21    designated  by  the logical symbolism      respectively The    AND
gates 501 to 505  SC1 - SC2  - SC3. The output from  the 



511 to 515. 521 to 525 each have two inputs.  OR gate 531 is applied to
inputs of the AND   70      The other inputs of the AND gates 501 to  gates
552 and 554. The output from the OR      505 will have a signal applied
thereto by the  gate 532 is applied to inputs  of the AND      index
register selection logic 311 whenever  gates 553 and 554. The ouput from
he OR      the command SC1 is given. The other inputs  gate 533 is applied
to inputs of the AND of the AND gates 511 to 515 with have a  gates 558 and
560. The output from the OR   75     signal applied thereto by the index
register  gate 534 is applied to inputs of the AND     selection logic 311
whenever the command  gates 559 and 560 and the output from the     SC2 is
given and the AND gates  521 to 525  OR gate 535 is applied to an input of
the     will have a signal applied thereto by the index  AND gate 556. The
output from the inverter       541 is applied to inputs of the   AND gates
551     command SC3 is given.  When the command  and  553. The output from
the inverter 542     SCl is given, signals will pass from the ONE   is
applied to inputs of the AND gates 551 and     outputs of those  of the
flip-flops 471 to 475    552.   The output from  the inverter 543 is
which contain ONE's through the AND gates  applied to inputs of the AND
gates 557 and   501 to 505. respectively. and through the OR   559. The
output from  thw inverter 544 is  85     gates 531  to 535. respectively.
When  the  applied to inputs of the  AND gates 557 and     command SC2 is
given, signls will pass from   558 and the output from  the inverter 545 is
the ONE outputs of those of the flip-flops 481  applied to an input of the
AND gate 555.     to  485   which  contain  ONE's  through   Each of the
AND gates 551 to 554 and 557 AND  gates. 511 to 515. respectively  and  to
560  will produce an output  signal when-  90     through the OR gates 531
to 535, respectively.   ever signals are applied to all three of its in-
When the command SC3 is given, signals will  puts and the AND gates 555 and
556 each     pass from  the ONE outputs Of these         of the  will
produce an output signal whenever signals     flip-flops 491 to 495 which
contain ONEs  are applied to both of its inputs.  The   AND  through AND
gates 521  to  525. respcc-  gates 551 to 560 will therefore  produce out-
95     tively  and through the OR gates 531 to 535,  put signals in
comibnations   rsponsive to the     respectively. Thus, the  OR gates 531
to 535  binary  number stored in the C1 register when-     will produce
output signals in accordance  with  ever the command S1C  is given,
responsive to     ONEs stored in the flip-flops 471 to 475     the binary
number stored in the C2 register     respectively. whenever the
conumand-SCI is  wherever the conmmand SC2 is given, and  100     given. in
accordance with the ONE's stored in  responsive to the binary  number
stored in the     the flip-flops 481 to 485. respectively,  when-  C3
register whenever the    command SC3 is     ever the  command SC2 is given.
and in  given. For example,   if the selected one of the     accordance
with the ONE's stored in the flip-  C1. C2. or c3 registers contains the
binary flops 491 to 495  respectively. whenever the  number 10101, the AND
gates 552, 556 and  105     command SC3 is given                 55. will
produce output signals.       The  output signals front the OP  gates 531
The signals produced by the AND gates     to 535 are applied to the inputs
of inverters.  551 to 560   will cause the X and Y drivers 305     541 to
545. Each of the inverters 541 to  to apply the   current wave form 321 to
the in- 45  545 will produce an output signal  whenever  put conducts,
X[err] to X[err].. X[err] X[err] and Y[err] . 110     it does not receive a
signal to its input.  Thus.  to Y[err]. respectively of the switche core
matrices     the inverter  541 to 545 will produce   output  302. In this
manner. the  binary  number     signals in accordance  with the ZERO's
stored     stored in the  selected  index register controls     in the
flip-flop: 471 to 475, respectively     the selection of  the address in
the selected whenever the  command  SC1 is  given in  section of the
storage core matrix.          115     accordance with the ZERO'S  stored in
the flip-    Figure  22 illustrates the  details of the X     flops 481 to
485, respectively. whenever the  and Y drives 305. As shown in ths Figure,
command sC1 is given and in accordance  the X and Y drives comprise 16 AND
gates     with the ZERO's stored in the flip-flops 491   351 to 366. the
campus of which are applied 55  to 495, respectively,  whenever the command
through amplifiers 331 to 346 respectively  to  120     SC3 is given.
the input conductors X[err] to X[err] X[err] to X[err]       The ouputs
from the inverters 541 to 545  Y[err] to Y[err].and Y[err] to Y[err]
respectively, of     and the OR gates 531 to 535 are applied   in  the
switch core matrices 302.  The  AND     different combinations to the AND
gates 551   gates 351 to 366 each have two inputs. To 60  to 560. The AND
gates 551 to 554 and    557  one of the inputs of each of these AND gates
125     to 560 each have three  inputs and  the   AND   the current wave
form 321 is applied from     gates 555 and 556 havw two inputs. When-  the
memory programmer 306. The outputs     ever any one of the commands SC1,
SC2,   or   from OR gates  371 to 382  are applied to the     SC3 is given,
the index register selection  logic  other inputs of the AND  gates 351 to
354 and 65  311 will apply  a signal to one of the inputs .359 to 366,
respectively  The outputs from  130      



34                                      946,457      the AND gates 431 to
434 and 437 to 444 of  gates 363, 364 and 365 through OR gates     the B
register decoder 307 are applied to the  379, 380 and 381. respectively. As
a result,     OR gates 371 to 382, respectively.  The out-  the current
wave form 321 will be applied to     puts from the AND gates 435 ad 436 are
the input conductors Y[err], Y[err] and Y[err]. When applied to the other
inputs of the AND gates  two 12 bit words or one 24 bit word is to be  70
357 and 358, respectively. The outputs from  read out from the storage core
matrix, the     the AND gates 551 to 554 and 557 to 560 of  commands RCA
and RCC   must be given.     the C register decoder 308 are applied to the
The current wave form 321 will then be     OR gates 371 to 378,
respectively.   The out-  applied to the innput  conducters   Y[err] and
Y[err]. 10  puts of the AND  gates 555 ad 556 are           It will be
observed that in all of these  75     applied to the other inputs of the
AND gates  simultaneous read in and read out operations     355 and 356,
respectively.   The command  the selected addresses  always will occupy the
logic for our submemory selection  designated  same relative position in
the selected sections     309 in Figure 15 will apply a signal to the  of
the storage core matrix and a single  binary 15  OR gate 379 whenever
either of the com-  number in the selected index register controls
mands WCA or RCA is given. The command  the addresses within the selected
sections of     logic for the submemory  selection 309 will  all of the
words simultaneously entered in or     apply a signal to the OR gate 380
whenever  read out.     either the command WCB or the command        Figure
23 illustrates the details of the Cl 20  RCB is given. The command logic
for the  register, which, as stated above with reference     submemory
selection 309 will apply a signal  to Figure 21, comprises 5 flip-flops 471
to     to the OR gate 381  when either command  475. The command designated
WCl is the     WCC or the command RCC is given and will  signal to cause
the 5 bit binary numbers     apply a signal to the OR gate 382   when
either  existing in the lower 5 stages of the informa- 25  the command WCD
or the command RCD  is  tion distribution unit to be stored in the Cl
given. The current wave form  321  will pass  register. When the command
signal WC1 is     through those of the AND gates 351 to 366  given the
control unit will apply a signal to     which have signals applied so their
after in-  enable AND gates 561 to 570 The  binary     puts, through the
amplifiers 331 to  346,  number existing in the. lower 5 stages of the 30
respectively, to the selected input conductors  information distribution
unit will then pass     of the switch core matrices.   Whenever a  through
the AND gates 561 to 570 to be     word is entered into or read out of the
storage  registered in the flip-flops 471 to 475.     core matrix. one of
the AND gates 351 to    The command signal designated ICI will     354 will
receive a signal on its when input.  cause the binary number stored in the
Cl 35  one of the AND gates 355 to 358 will receive  register  to increase
by one.  When the com-     a signal on its other input, one of the AND
mand IC1  is given. the control unit will apply     gates 359 through 362
will  receive a signal  on  a signal to the flip-flop 471 causing it to
its other input and one of the AND gates 363  switch to its opposite state.
If the flip-flop     to 366 will receive a signal on its other input.  471
is switched from its ONE state to its 40  Thus, one of the input conductors
X[err] to  X[err].,   ZERO state, it will apply a signal  to flip-flop
one of the input conductors  X[err] to X[err].. one  472 which will cause
the flip-flop 472 to     of the input condutors Y[err] to Y[err]. and one
switch to its opposite state. If the flip-flop     of the input conductors
Y[err] so Y[err] will receive  472 is switched from  its ONE state to its
the current wave form 321.                   ZERO state it will apply a
signal to the flip- 45    Whenever  two 12 bit words are to be  flop 473
and cause the flip-flop 473 to switch     entered into the storage core
matrix  simultanc-  to its opposite state. The flip-flop 473 and     ously,
both one of the commands WCA and  the flip-flop 474 likewise cause the
flip-flops     WCB and one of the commands WCC and  474 and 475.
rcspectively, to switch to their     WCD must be given. In response to
these  opposite states if the flip-flops 473 and 474, 50  commands, the
command logic for submemory   respectively  are switched  to their ZERO
115     selection will apply a signal both to one of the  states. Thus, the
flip-flops 471 to 475 are     AND gates 363 and 364 and to one of the
connected as a binary counter and whenever     AND gates 365 and 366. As a
result, the  the command IC1 is given the binary number     current wave
form 321 will be applied to both  stored in the Cl register will be
increased by 55  the input conductors Y[err] and  Y[err] and one of  one.
12     the input conductors Y[err] and Y[err]  Whenever    The C2 register
is exactly the same at a C1     a 24 bit word is to be entered into  the
storage  register. The command to cause the five bit     core matrix, the
commands WCA and WCC   binary number existing in the lower five stages
will be given.                               of the information
distribution unit to be 60    Whenever one 12 bit word and are 24 bit
registered in the C2 register is designated  125     word or three 12 bit
words are to be simul-  WC2 and the command to cause the binary
taneously  read out of the storage core matrix    number registered in the
C2 register to be 



the commands RCA, RCB. and RCC must be  increased by one is designated IC2.
given. The command logic for submemory    The B1 and B2 registers are also
similar to 65  selection will then apply a signal to the AND  the C1
register except that they comprise  130                        946,457
35      seven flip-flops instead of five.  The com-  will apply a signal
through the enabled AND     mands WB1 and WB2 will cause the seven bit
gates 601 to 603, respectively, through the OR     binary number existing
in the lower seven  gates 597 to 599, respectively, to cause the     stages
of the infonnation distribution unit to  succeding flip-flops 493 to 495,
rebrectively,     be registered  in the Bl and B2 registers,  to switch to
its opposites states, if the preced-  70     respectively.   The commands
1B1 and IB2  ing flip-flops is switched from  its ZERO to     will cause
the contents of the Bl and B2  its ONE state when the comnmand DC3 is
registers, respectively, to be increased by one.  given.   Thus, in this
manner the binary       The details of the C3 register are shown  number
stored in  the C3 register will be in Figure 24. As stated above with
reference  decreased by one whenever the command  DC3  75 to Figure 21, the
C3 register comprises five  is given.     flip-flops 491 to 495.  When the
command    In summary, the number stored in the C3     WC3, to store the
binary number existing in  register can be entered from  the lower five
the lower five stages of the information dis-  stages of the information
distribution unit, it 15 tribution unit in the C3 register, is given,  can
bc read out from the C3 register into the     the control unit will apply a
signal to the AND   lower five stages of the information distribu-
gates 571 to 580. The binary number exist-  tion unit, it can be increased
by one, or it can     ing in the lower 5 stages of the information  be
decreased by one.     distribution unit wil then pass through the    The
memory read in  circuits designated 312  AND gates 571 to 580 to be
registered in the  in the Figure 15 controls which of the Z1    85
flip-flops 491 to 495. Whenever the com-  drivers and which of the Z2
drivers receive     mand RC3, to read the contents of the C3  the current
wave form 319 and thus determine     register out to the lower five stages
of the in-  in which ticn of the switch core matrix a     formation
distribution unit, is given, the con-  ZERO will be stored in the selected
address 25  trol unit will apply a signal to AND gates  or addresses. The
details of the memory read  90     581 to 590. The contents of the flip-
flops  in circuits are illustrated in Figure 26. There     491 to 495 will
then pass through the enabled  are twelve memory  read in  circuits, one
for     AND gates 581 to 590 to the lower five stages  each digit of a 12
bit binary number. Each     of the information distribution unit.
memory read in circuit controls the storing of       Whenever the command
IC3, to increase    ONE's and ZERO's in the core or cores of 95     the
binary number stored in the C3 register  the selected address or addresses
in a different     by one, is given, the control unit will apply a  tier of
the storage core matrix. For con-     signal to AND gates 591 to 594. This
signal  venience , only three of the memory read in     from  the control
unit will also pass through  circuits have been shown as each read in OR
gate 595 to cause the flip-flop 491 to  circuit it identical.
100     switch to its opposite state. If. when this    The commands to
enter the word existing     command is given, the flip-flop 491 switches
in the information distribution unit into the     from  its ONE state to
its ZERO state, the  storage core matrix, are WBM. WCA, WCB,     flip-flop
491  will apply a signal through the   WCC, and WCD. When any of these com-
40  enabled AND  gate 591 through OR gate 496  mands are given  the command
logic for  sub-     to cause the flip-flop 492 to switch to its  memory
selection 309 will apply a signal to     opposite state. In like manner
each of the  AND  gates 611 and 612 of each read in     preceding
flip-flops 492 to 494  will apply a  circuit. In  each read in circuit the
outputs     signal through the enabled AND  gates 592  from  the AND gates
611 and 612 are applied 45  to 594, respectively, through OR gates 597 to
through . OR gates 613 and 614. respectively, 110     599, respectively, to
cause the  succeeding  through  cathode  followers 615  and 616,
flip-flops 493 to 495, respectively, to switch  respectively,  to  the  ONE
and ZERO inputs     to their opposite states if the preceding flip-  of a
flip-flop 61-. When the enabling signal     flops switches from its ONE
state to its ZERO   is applied from  the command logic for the state when
the command IC3 is given. In  submemory selection  309 to the AND  gates
115     this manner, the number stored in the C3  611 and 612. the 12 bit
binary word existing     register will be increased by one each time  in
the information distribution unit will pass     the command IC3 is given.
through the AND  gates 611 and 612, through       When the command DC3, to
decrease the  the OR gates 613 and 614. and through the 



55  binary  number stored in the C3 register by  cathode followers  615 and
616 to be registered  120     one, is given, the control unit will applv a
in the 12 flip-flops 617.     signal through the OR gate 595 to cause the
In each read in circuit the ZERO  output     flip-flop 491 to switch to its
opposite state.  from the flip-flop 617 is applied through a     This
signal is also applied to the  AND gates  cathode follower 618 to the
inputs of a pair 60 600 to 603. If the flip-flops 491 is switched  of AND
gates 619 and 620.  The AND  gates  125     from its ZERO to its ONE state,
it will apply  619 and 620 have thrice input and require an     a signal
through the enabled AND gate 600  input signal applied to all three inputs
to pro-     through the OR gate 596 to cause the flip-flop  duce an output
signal.   A  sgnal will be     492 to switch to its opposite state.
Likewise.  applied to the second input of each of the 65 each of the
preceding flip-flops 492 to 495  AND gates 619 and 620  whenever neither
the  130            36                                      946,457
command  WAC nor the command RAC is  stored in the cores of these tiers at
the selected     given. The logic for producing this input to  address.
the AND gates 619 and 620 may be similar    When the command to store the
binary     to that used in the command logic for sub-  word on the
information distribution unit in 5  memory selection 309 or the index
register  the CC section or the CD  section of the     selection logic 311,
which are described in  storage core matrix is given, the command
detail below. The command logic for sub-  logic for the submemory selection
309 will     memory selection 309 will apply an enabling  apply an enabling
signal to the AND gates     signal to the third input of the AND gates  611
and 612 and the binary word existing on 10  619 whenever any of the
commands WBM ,.  the information  distribution  unit will be     RBM, WCA,
RCA, WCB. or RCB is given.  registered in the flip-flops 617. Those flip
The command logic for submemory selection  flops 617. which then register a
ZERO, will     309 will apply enabling signals to the third  apply an
output signal to the respective AND     inputs of the AND gates 620
whenever any  gates 620.   The AND gates 620 will be 15  of the commands
WCC, RCC, WCD, or  enabled and therefore will apply an output     RCD is
given. The output from the AND   signal to the respective Z2 drivers
through the     gate 619 in each read in circuit is applied  respective OR
gates 623 and cathode followers     through an OR  gate 621 through a
cathode  624.  The Z2 drivers receiving these output     follower 622 to a
different one of twelve Z1  signals from the memory read in circuits will
20  drivers, which are designated in Figure 15 by  then apply the current
wave from 319 to the     the reference number 303. The output from
respective Z2 conductors. Thus, the Z2 con-     the AND gate 620 in each
read in circuit is  ductors in those tiers of the storage core matrix
arplied through an OR gate 623 and through  in which a ZERO  is to be
stored at the     the cathode follower 624 to a different one of  selected
address will receive the current wave 25  twelve Z2 drivers, which are
designated 304 in  form 319, if the selected address is in a section
Figure 15.                                   threaded by the Z2  conductors
and thus       The memory programmer 306 applies the  ZERO's will be stored
in the cores in these     current wave form 319 to each of the Z1 and
tiers at the selected address.     Z2  drivers.  Each  of the  Z1  drivers,
The conductor of each stage of the lower 30  in response to receiving a
signal from  the  half of the accumulator  memory bus is applied
respective read in circuit. will apply the cur-  to the OR gate 623 in a
different read in     rent wave form 319 to one of the Z1 con-  circuit.
The conductor of each stage of the     ductors. Likewise. each of the Z2
drivers in  upper half of the accumulator memory bus is     response to a
signal from. the respective read  applied to the OR gate 621 in a different
one 35  in  circuit, will apply the current  wave form   of the read in
circuits. When it is desired to     to one of the Z2 conductors. The Z1 and
Z2  transfer a 24 bit word from the accumulator     drivers 303 and 304 are
not shown in detail  to the storage core matrix, the command RAC     but
could comprise an AND gate and ampli-  till be given. This command will
cause the     fier combination similar to that of the X and  24 bit word
registered in the sum register to 40  Y drivers 305.
be put on the accumulator memory bus. This       When one of the commands
WBM, WCA.  command will also prevent a signal from being     or WCB is
given, the binary word existing on  applied to the second inputs of the AND
the information  distribution  unit will be  gates 619 and 620. At the same
time as the     registered in the twelve flip-flops 617. Those  command RAC
is given, the commands WCA 45  flip-flops 617. which then contain a ZERO,
and WCC will be given. Also, one of the     will apply an output signal
through the respec-  commands CS1, SC2. or SC3 will be given. 



tive cathode followers 618 to the respective  Signals will be applied from
the conductors     AND gates 619. The AND gates 619 will be  of those
stages of the lower half of the     enabled and thus an output signal will
be pro-  accumulator memory bus on which there are 50  duced from  those
AND  gates 619 which  ZERO's through the respective OR gates 623
receive signals from the flip-flops 617. The  through the respective
cathode followers 624     output signals from the AND gates 619 will  to
the respective Z2 driver. These respec-     be applied through the
respective OR gates  tive Z2  drivers will then apply the current     621
and the respective cathode followers  622  wave form 619 to the respective
Z2 conductors 55  to the respective Z1 drivers. The Z1 drivers  and the
lower half of the 24 bit word will be     303 which receive signals from
the respective  stored in the CC section  of the storage core     AND gates
620 will then apply the current  matrix at the address selected by the
binary     wave form 319 to the respective Z1 conduc-  number stored in the
selected index register.     tors. Thus, the  Z1 conductors in those tiers
Signals will also be applied from the conduc- 60  of the storage core
matrix in which a ZERO   tors of those stages of the upper half of the
is to be stored  at the selected address will  accumulator memory bus on
which there are     receive the current wave form 319, if the  ZERO's
through the respective OR gates 621  selected address is in the section
threaded by  through the respective cathode followers 622     the Z1
conductors and thus ZERO's will be  to the respective Z1 drivers.    These
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37     Z1 drivers will then apply the current wave  signals induced  in the
S2 conductors, is     form 619 to the respective Z1 conductors and  applied
to a different one of the read out     the upper half of the 24 bit word
will be  circuits. The output from each of the twelve     stored in the CA
section of the memory at the  amplifiers 316. which amplify the  signals 5
address   selected by the binary number in the  induced in the S3
conductors, is applied to a  70     selected index register. Two twelve bit
words  different one of the read out circuits. The     can be stored in the
storage core matrix in the  output from each of the amplifiers 314, will
the same manner. For two separate twelve  be applied to an inverter 632 and
an amplifier     bit words, it is not necessary that the CA and  631 in one
of the read out circuits. The out- 10  CC sections of the storage core
matrix be  put from each of the amplifiers 315 is applied  75     selected
to store the twelve bit words. The  to an amplifier 633 and an inverter 634
in one     CB section of the storage core matrix may be  of the read out
circuits. The output from     selected instead of the CA section and the CB
each of the amplifiers 316 is applied to an     section may be selected
instead of the CC  amplifier 635 and an inverter 636 in one of the  15
section.                                    read out circuits.
80       When a command to read information out    Each of the inverters
632, 634, and 636 in     from the storage core matrix to the informa-  each
read out circuit will produce a signal at     tion distribution unit is
given, provision is  its output whenever it does not receive a     made to
restore the word read out in the  signal at its input. The outputs from
in- 20   position in the storage core matrix from which  verters 632, 634,
and 636 are applied to AND  85     the word is read. Signals will be
applied  gates 637 to 639 respectively. The memory     from the read out
circuits for each tier of the  programmer 306 applies a wave form, desig-
storage core matrix through the OR gates 613  nated 320 in Figure 18, to
each memory read     and 614 of each read in circuit through the  out
circuit 313 whenever a command to read 25  cathode followers 615 and 616 to
the flip-flops  out from  the storage core matrix is given. 90     617. The
flip-flops 617 then will register the  This wave form contains a pulse 327
which     word read out from the selected address in the  has the time
relationship shown in Figure 18.     storage core matrix. The command logic
for  The wave form 320  will be applied to the     submemory  selection 309
will apply an en-  AND gates 633, 635 and 637 to 639 in each     abling
signal to the AND gates 619 if the  of the read out circuits. The outputs
from   95     selected address is in the B section or the CA   the AND
gates 631 and 637 are applied to     or CB section of the storage core
matrix and  AND gates 643 and 640, respectived. The     thus signals will
be applied to the Z1 drivers  outputs from the AND gates 635 and 639 are
for those tiers from   which a ZERO is read   applied to AND gates 644 and
641., respec- 55  out. The current wave form 319 will then be  tively.  The
outputs from the AND gates 633  100     applied to the Z1 conductors of the
tiers from   and 638 are applied to OR gates 642 and     which a ZERO is
read out. If the selected  645. respectively.   The command logic for
address from which the read out takes place   the submemory selection 309
will apply an     is in the CC section or in th CD section. the    enabling
signal to the AND  gates 640 and command logic for submemory selection  309
643 whenever  either the command RBM  or 105     will apply an enabling
signal to the AND   RCA is given  while at the same time either 



gates 620 and  the read in circuits will then  the command   RCA or the
command RCC is     apply signals to the Z2 drivers for those tiers  not
given.  The outputs from the AND gates     of the storage core matrix from
which a ZERO   643 and 640 are applied to the OR gates 642     was read
out. In response thereto the Z2  and 645. respectively.  The command logic
110 drivers will apply the current wave from 319  for the submemory
selection 309 will apply an     to the Z2 conductors of these tiers of the
enabling signal to  the AND gates 644 and     storage core matrix. The read
out operation  641 whenever the command RCC or the com-     takes place
after the pulse 322 of the current  mand RCD is given and either the
command wave form  318 but before the pulse 324 is  RCA or the  command RCC
is not given. The 115     applied to the Z conductors of those tiers of
output from the  AND  gates 644 and 641 are     the storage matrix from
which a ZERO is read  applied to OR  gates 642 and 645, respectively.
during the same cycle that the binary word is  For the AND gates 633 and
638 to produce     read out from the storage core matrix.  Thus,  an output
signal they must receive an enabling 55  the read out and restoring all
takes place  signal from the command logic for submemory 120     during one
read out cycle.                   selection and this signal will be applied
when-       There are twelve read out circuits, one for  ever the command
RCB is given. The out-     each tier of the storage core matrix. Each  puts
from the AND gates 633 and 638 are     read out circuit is identical so
only one read  applied to the OR gates 642 and 645, respec- out circuit has
been shown  in Figure 27  The  tively. The outputs from the OR gates 642
125     output from each of the twelve amplifiers 344   and 645 in each
read out circuit are applied to     which amplify the signals induced in
the S1  a different  stage of the information distribu-     conductors is
applied to a different one of the  tion unit and the outputs are alsp
applied to     read out circuits.   The  output from each of  the OR gates
613 and 614, respectively, in 65   the twelve amplifiers  315, which
amplify the  the  memory read in circuit for the same tier 130    b
946,457  of the stotage core matrix. The outputs from  the  information
distribution unit. Of course,       AND  gates 631 and 637 in the read out
the computer will be programmed so that only       circuit for each tier of
the storage core matrix   one word at a time will ever be read out to
are applied to a different stage of the upper  the information distribution
unit. The output   5  half of the memory accumulator bus. The  signals
produced at the outputs of the AND   Output from the AND gates 635 and 639
in  gates 631 and 637 are also applied to the       the read out circuit
for each tier of the storage  upper half of the memory  accumulator bus
core matrix is applied to a different stage of  and the signals produced at
the outputs of the       the lower half of the memory accumulator bus.  AND
gates 635 and 639 are applied to the   10    Whenever either the command
RCA  or  lower memory accumulator bus for reading out       RBM  is given,
positive going pulses will be  24 bit words or for simultaneous multiple
induced in those S1 conductors which are in  read out.       tiers which
contain ONE's at the selected    When it is desired to read out three 12
bit       address. These pulses will be caused by the  words or one 12 bit
word, and one 24 bit   15  pulse 322 of the wave form 318. These S1  word,
the commands RCA, RCB, and RCC       conductors which are in tiers which
contain  will be given. Signals will be produced  at       ZERO's at the
selected address will have no  the outputs of the AND gates 631 and 637.
pulses induced in them  at this time.  The  633 and 638, and 635 and 639 in
accordance       induced pulses after being amplified by the  with the
information stored at  the three   20  respective amplifiers 314 arc
applied to the  selected locations.   The outputs from  the       AND
gates 631 and inverters 632 in the  AND gates 631 and 637 will be applied
to the       respective read out circuits. The inverters  in  upper half of
the memory   accumulator bus.       these respective read out circuits upon
receiv-  the outputs from the AND gates 635 and 639       ing the induced
pulses will stop applying a  will be applied to  the lower half of the   25
signal to the AND gates 637. The inherent  memory accumulator bus  and the
outputs of       delay in the read out system will cause the  the AND gates
633 and 638 will be applied to       induced pulses to arrive at the AND
gates  the information distribution unit. Thus, the       631 and inverters
632 at the time of the pulse  two 12 bit  words stored in the CA and CC
327 of the wave form 320. The AND gates  sections will be read  out to the
upper and   30  631 which receive pulses will therefore pro-  lower halves
of the memory accumulator  bus 



duce output signals at this time. The in-  and the 12 bit word stored in
the CB section       verters 632, which are in read out circuits for  will
be read out  to  the information distribu-       tiers in which ZERO's are
stored at the  tion unit. The signals from the AND gates       selected
address. will not receive pulses at the  631 and 637 and the AND gates 635
and 639   35  time the pulse 372 is applied to the AND   will not pass to
the information distribution       gate 637 and therefore the inverters 632
in  unit because the AND gates 643 and 640 and       these respective read
out circuits will be  the AND gates 644 and 641 will not receive
applying signals to the AND gates 637 at this  enabling signals from the
command logic for       time. The AND gates 637 in those read out
submemory selection due to the fact that both   40  circuits for tiers
which contain ZERO's at the  the commands RCA  and RCC  are given.
selected address will therefore produce output    When a 24 bit word or two
12 bit words       signals at this time. Thus, the AND gates  are to  be
read out, the commands RCA and       631 and 637 in each read out circuit
will pro-  RCC will be given and signals will be pro-       duce output
signals in accordance with the  duced at the outputs of the AND  gates 631
45  digit stored at the selected address in the res-  and 637 and the AND
gates 635 and 639 in       pective tier whenever the command RCA or
accordance with the 24 bit word stored at the       RBM  is given.
two selected addresses. These signals will be         In the same manner
the AND gates 633 and  passed to the lower and upper halves of the
638 will produce output signals in accordanc.  memory accumulator bus. The
AND gates   50  with the digit stored at the selected address in  643 and
640. 644 and 611 will not be enabled        the respective tier whenever
the command  by a signal from the command  logic for sub-        RCB is
given. Likewise, the AND gates 635   memory selection because both the
compounds        and 639 in each read out circuit will produce  RCA and RCC
wil be given and therefore  no        output signals in accordance with the
digit  signals will pass to the information distribu-   55  stored at the
selected address in the respective  tion unit.        tier whenever the
command RCC or RCD is    The described connections between the in-
given.                                      formation distribution unit 15
and the memory          The output signals produced by the AND   read in
circuits 312. between the accumulator        gates 631 and 637 will pass
through the AND   memory bus 16 and the memory read in   60  gates 643 and
640 if they are enabled through  circuits 312 between the memory read in
cir-        the OR gates 642 and 645 to the information  cuits 312 and the
Z1 and Z2 drivers 303 and        distribution unit.  The output signals
pro-  304. between the memory read out circuits        duced by the AND
gates 633 and  639 will  313 and the memory read in circuits 312.
pass through the AND gates 644 and 641. if  between the Z1 drivers 303 and
the Z1 con-   65  enabled, through the OR gates 642 and 645 to  ductors.
between the Z2 drivers 301 and the       946,457
39      Z2 conductors. between the S1 conductors and  applied to a cathode
follower 748 which then     the sense amplifiers 314, between the S2 con-
will produce an output signal when either the     ductors and the sense
amplifiers 315, between  command WCB  or the command RCB is     the S3
conductors and the sense amplifiers  given.  The  outputs  from  the
cathode 316. between the sense  amplifiers  314, 315,  followers 737 and
738 are both applied to an  70     316 and the memory  read out circuits
313,   OR gate 749 and the output from the OR gate     between the memory
read out circuits 313 and  749 is applied to a cathode follower 750. The
the   information distrbution  unit 15. and  cathode follower 750,
therefore, will produce     between the memory read out circuits 313 and
an output signal when either the command the memory accumulator bus 10 are
all  such  WCC or the command RCC. is given. The out-  75     that each
digit of the binary number operated  puts from the cathode followers  739
and 740     upon always is placed  in the correct  tier of the  are applied
to an OR gate 751 and  the output     storage core matrix and on the
correct stages  from the OR gate 751 is applied to a cathode     of the
information distribution  unit, the  follower 752.   An output  signal from
the  accumulator  memory bus, and the memory   cathode follower 752 will
then be produced  80     accumulator bus according to the order of the
whenever the command WCD or the com-     digit.
mand RCD is given.       Figure 28 illustrates the details of the com-
The  outputs from the cathode followers  746,     mand logic for the
submemory selection 309.  748. 750 and 752  are applied to the OR gates
The function of this circuitry is to store the  379 to 382, respectively
of the  X and Y  85     signals from the control unit for the commands
drivers 305 as has been described with refer-     W.B.M. RBM. WCA., RCA,
RCB, RBC,  WCC,  ence to Figure 22.     RCC, WCD. and RCD and to apply
signals.   The outputs from the cathode followers 731. 



in responsc thereto to the X and Y drivers  733. 735. 737. and 739 are all
applied to an 25  305, to the memory read out circuits 313, to  OR gate
753 and the output from the  OR gate    90     the memory read in  circuits
312 and to the  753 is applied to a cathode follower 754. The     memory.
programmer.                         cathode follower 754 will then produce
an out-       When the command WBM is given a signal  put signal whenever
any of the commands     will be applied to the ONE input of flip -flop
WBM, WCA. WCB, WCC. or WCD is given.     721 to set this flip-flop in its
ONE state. In  This output  signal is applied to the AND  95     the same
manner flip-fops 722 to 730 are set  gates 611 and 612 of the  memory read
in     into their ONE states whenever the commands  circuits   12 as
described with reference to     RBM WCA. RCA. WCB. RCB. WCC, RCC.  Figure
26.  .     WCD. and RCD, respectively,  are given.    The outputs from the
cathode followers 744, Thus these commands are stored by the flip-   746
and 748 are [err]  applied to an  OR gate 755  100     flops 721 to 730.
The ONE  outputs of the  and the output from   the  OR gate 755 is
flip-flops 721 to 730 are applied to cathode  anplied to the cathode
followers 756.   Accord-     followers 731 to 740. respectively. Thus, the
ingly. the cathode  follower 756 will produce     cathode followers - 31 to
740 will produce out-  an output signal whenever any of the com - 60  put
signals in accordance with the  commands  mends WBM. RBM. WCA, RCA. WCB, or
105     given. The ZERO output of the flip-flop 724   ECB is given. This
output  signal is applied     is applied to a cathode follower 741 and the
to the AND gates 619 of the memory read in     cathode follower 741
therefore will produce an  circuits as described with referene to Figure
output signal whenever  the command RCA is  26. 15 not given. The ZERO
output of the flip-flop    The output from the cathode followers  732  110
728 is applied to the cathode follower 742 and  ad 734 are applied to an OR
gate 757. The     hence the cathode follower 742 will produce  an  outpu
from     the OR gate 757 is applied to     output signal whenever the
command RCC. is  one of the two inputs of an AND gate 758     not given.
The outputs from  the cathode followers 741  The outputs from the cathode
followers  731  and 742 are both applied to an OR  gate 759 115     and 732
are applied to  an OR gate 743. The  and the  output from  the OR  gate
759     output from thc OR gate 743 is applied to a  is  applied  to  the
other  input of  the     cathode follower 744. The cathode follower  AND
gate  758.  The output from  the     744. as a result, will produce an
output signal  AND gate 758 is applied to a cathode follower  when either
the comand RBM  or the com-  760. In accordance  with this circuitry the
120     mand WBM is given. The outputs from the  cathode  follower 760 will
produce an output     cathode followers 733 and 734  are applied to  signal
when both either the command RBM     an OR gate 745 and the outputs from
the OR   or the command RCA is given and at the     gate 745 is  applied to
a cathode follower 746.  same time either the command RCA or the
Accordingly. the cathode follower  46 will  command RCC is not given.  This
output 125     produce an output signal whenever the com-  signal is
applied to the AND gates 643  and     mand WCA or the command RCA is given.
640 in the memory read out circuits 313 as     The outputs  from the
cathode  followers  735  has been described with reference to Figure
and 736 are both applied to an OR gate 747  5  and the output from  the OR
gate. 747 is   The output from the cathode follower 736 130              40
946,457        is applied to the AND gates 633 and 638 of  commands SB2,
SC1, SC2, or SC3 are given        the read out circuits as has been
described  the control unit will apply a signal to set the        with
reference to Figure 27.              flip-flops  702 to 705, respectively,
to their          The outputs from the cathode followers 738  ONE states.
The ONE outputs of the flip-    5  and 740 are applied to an OR gate 763
and  flops 701 to 705 are applied to the cathode the output from the OR
gate 763 is applied to  followers 706 to 710, respectively. Thus, the
an AND gate 764. The output from the OR   cathode followers 706 to 710 will
produce        gate 759 is applied to the other input of the  output
signals whenever the commands SB1,        AND gate 76-:. The output from
the AND   SB2, SC1, SC2, and SC3, respectively, are    10  gate 764 is
applied to a cathode follower 765. given.         The cathode follower 765
will thus prodce an    The output of the cathode follower 706 is
output signal when both either the command  applied to the AND gates 401 to
407 of the         RCC or the command RCD is given and either  B1 register
as described with reference  to         the command RCA  or RCC is not
given.  Figure 20. The  output of the  cathode    15  This output signal is
applied to the   AND  follower 707 is applied to the AND gates 391
gates 641 and 644 of the memory read out  to 397 of the B2 register as
described with        circuits 313 as has been described with refer-
reference to Figure 20. The output of the 



ence to Figure 27.                          cathode follower 708 is applied
to the AND          The outputs from the cathode follower 750  gates 501 to
505 of the Cl register as des-    20  and the OR gate 763 are applied to an
OR   cribed with reference to Figure 21. The out-        cate -66 and the
output from the OR gate  put of the cathode follower 709 is applied to
766 is applied to a cathode follower 767. The  AND gates 511 to 515 of the
C2 register as        cathode follower 767 will therefore produce an
described with reference to Figure 21. The        output signal when either
the command WCC,  output of the cathode follower 710 is applied   25  RCC.
WCD. or RCD is given. This output  to AND gates 521 to 525 of the C3
register        signal is applied to the AND  gates 620 of the  as
described with reference to Figure 21.        memory read in circuits 312
in the manner    The outputs from the cathode followers 706        which
has been described with reference to  and 707 are applied also to an OR
gate 711        Figure 26.                                  and the output
from  the OR gate 711 is    30    The outputs of the cathode followers 756
applied to the cathode follower 712. The        and 767 are both applied to
an OR gate 768  cathode follower 712 will therefore produce        and the
ouput from the OR gate 768 is applied  an putput signal either when the
command        to a cathode follower 769. The cathode  SB1 or the command
SB2 is given. This        follower 769 will produce an output signal
putput signal will be applied to rhe AND    35  when  any of the commands
WBM, RBM,  gates 431 to 444 of the B register decoder 307        WCA. RCA,
WCB. RCB. WCC, RCC, WCD.  as described with reference to Figure 20. The
or RCD  is given.   This output signal is  outputs from the cathode
followers 708, 709,        applied to the  memory programmer  306 to  and
710 are all applied to an OR gate 713        initiate its operation to
produce  the wave  and the output from  the OR gate 713 is   40  forms 321,
320 and 319.                      applied to a cathode follower 714.  The
The various outputs of the command logic  cathode follower 714 will
therefore produce an        for submemory selections have been indicated
output signal whenever either of the com-        in logical symbolism.  The
logical symbolism    mands SC1, SC2 or SC3 is given and this        for the
outputs " W "  , "X " "Y " and " Z    output signal will be applied to the
AND gates    45  are indicated in the legend at the bottom of  551 to 560
of the C register decoder 308   as        Figure 28.
described with  reference  to Figure 21.          4.8 microseconds after
the commands are    4.8 microseconds after the command is        given to
set one or more of the flip-flps 721  given to set one of the  flip-flops
701 to 705        to 730 to their ONE states, the memory pro-   in its ONE
state, the cycle complete  signal    50  grammer 706 will apply a signal to
the ZERO  will be applied from the memory programmer        inputs  of the
flip-flops; 721 to 730 to switch    306 to the ZERO. inputs of the
flip-flops 701        these flip-flops to their ZERO states. This  to 705
to switch    the flip-flop which is in its        signal from  the memory
programmer is  ONE state back to its ZERO state.        referrel to as the
cycle complete signal.     Figure 29 illustrates the details of the    55
Figure 25 illustrates the details of the index  memory programmer  306.
Whenever  any  of        register selection logic 311. The function of  the
commands WBM. R.B.M. WCA, RCA.        the index register selection logic is
to store  WCB, RCB.  .WCC, RCC, WCD, or RCD is        the commands SB1,
SB2, SC1. SC2 and SC3  given. the command logic for submemory        and.
in response to these commands to apply  selection will apply a signal to
blocking oscil-    60  signals to the index register 310 and to the  lator
781.  This signal is produced by the 1-        B and C  register decoders
307 and 308.  cathode follower 769 of the command logic        Whenever the
command SR1 is given the con-  for submemory  selection as described with
trol unit will apply  a signal to the ONE input  reference to Figure 28. In
response to this        of flip-flop 701 causing the flip-flop to be set
signal, the blocking  oscillator 781 will produce    65  in its ONE state.
Similarly whenever the  an output signal. which will be applied to a
946,457                                       41     1.6 microsecond delay
line 733. The  output  long starting at the time a signal is applied to  65
from the delay line 783 is applied to a block-  the blocking oscillator
781. The ONE out-     ing  oscillator  784.  When  the  blocking, put from
the flip-flop 782 is applied to a     oscillator 784 receives a signal from
the delay  cathode follower 792. The output produced 5   [err] 783 it will
apply an output signal to a  by the cathode follower 792 will be the cur-
1.6 microsecond delay line 785. The delay  rent wave form 321 which is
applied to the  70     line 785 has three tapped outputs along its  AND
gates 351 to 356 of the X and Y drives     length.  The first output is
applied to a  305 as described with reference to Figure 22.     blocking
oscillator 795 and a signal will be    The output from the blocking
oscillator 789 10  produced from this output 0.4  microseconds  is applied
to the ONE input of the flip-flop 



after a signal is applied to the input of the  791 to cause this flip-flop
to be set to its ONE  75     delay line 785 or 2.0 microseconds after a
state at a time 2.2 microseconds after a signal     signal is applied to
the blocking oscillator 781.  is applied to the blocking oscillator 781.
The     The second tap from the delay line  785 is  output signal from the
blocking oscillator 788 15  applied to a blocking oscillator 789 and a
causes the flip-flop 791 to switch back to its     signal will be produced
from this output 0.6  ZERO state 4.8 microseconds after a signal is  80
microseconds after a signal is applied  to the  applied to the blocking
oscillator 781. The     input of the delay line 785 or 22   micro-  ONE
output of the flip-flop 791 is applied to     seconds after a signal is
applied to the block-   the cathode followers 793 and 794. As a 20  ing
oscillator 781. The third tap from the  result, the    cathode followers
793 and 794 will     delay line 785 is applied to a blocking oscil-
produce a pulse 2.6 microseconds long starting  85     lator 790 and a
signal at this up   will be  at a time 2.2 microseconds after a signal is
produced 1 4 microseconds after a signal is  applied to the blocking
oscillator 781 and     applied to the input of the delay line 785 or
ending at a time 4.8 microseconds after a 2   3.0 microseconds after a
signal is applied to  signal is applied to the blocking oscillator 781.
the blocking oscillator 781. The output from  This output, wave form  from
the cathode  90     the end of the delay line 785 will be produced
followers 793 and 794 is the current wave     1.6 microseconds after a
signal is applied to  form 319 which is applied to the selected Z1     the
input of the delay line 785 or 3.2 micro-  and Z2 conductors of the storage
core matrix seconds after a signal is applied to th block-, through the Z1
and Z2 drivers 303 and 304     ing oscillator 781. The output from the end
in accordance with the binary word to be  95     of the delay line is
applied to a blocking  stored in the storage core matrix. oscillator 786
In response to receiving a    The blocking oscillator 795 will generate an
signal from the delay line 785, the blocking  output pulse 2.0 microseconds
after a signal 35  oscillator 786 will apply a signal to a 1.6  is applied
to the blocking oscillator 781. The     microsecond delay line 787. As a
result  a  output wave form from the blocking oscillator 100     signal
will be produced from  the delay line  795 is the wave form 320 which is
applied to     787 4.8 microseconds after a signal is applied  the AND
gates 631, 633, 635. 637, 638 and     to the blocking oscillator 781. This
signal  639 of each read out circuit as described with 40  from the delay
line 787 will be applied to a  reference to Figure 27.     blocking
oscillator 788.                        The control unit comprises   a
series of 105     In response to a signal from  the delay line  magnetron
beam switching tubes connected as     787, the blocking oscillator 788 wiil
produce  a distributor, the outputs from  which are     the cycle complete
signal. which is applied to  applied to a plugboard. Each output  of the 45
the ZERO inputs of the flip-flops 721 to 730  distributor is applied to
four different program     of the command logic for submemory    selection
output hubs on the plugboard. As the distri- 110     509 as described with
reference to Figure 28  butor is advanced. the output signal from the
and to the ZERO inputs of the flip-flops 701  distributor will step from
one group of four     to 705 of the index register selection logic  output
hubs to the next. Additional hubs on 50  311 as described with reference to
Figure 25.  the plugboard are the input hubs for com-     The cycle
complete signal will be produced  mands. If one of the program output hubs
is 115     4.8 microseconds after a signal is applied to  connected to one
of the input hubs of a com-     the blocking oscillator 781.
mand, then that command will be given when       The output signal from the
blocking oscil-  the output signal of the distributor is brought 55  lator
781 is also applied to a flip-flop 782 to  to that output hub. By
connecting the  output     cause this flip-flop to be set in its ONE state.
hub of the distributor to the selected input 120     When the output from
the blocking  oscillator  hubs of Commands, the commands can be     790 is
produced after a time interval of 3.0  initiated in any desired sequence
for carrying     microseconds it will set the flip-flop 782 back  out the
analysis and reduction  of data. to its ZERO state. As a result. the
flip-flop  Because four output hubs are used for each 782 will be in its
ONE state for a total time  output of the distributor, more than one com-
125     period of three microseconds. As a result  mand may be initiated an
one step of the     there will be produced from the ONE output  distributor
by connecting the different output     of the flip-flop 782 a pulse 3.0
microseconds  hubs of one group of four to the input hubs               42
946,457          of different commands  Each command has  to the input
output unit 11, the arithmetic         several input hubs so that each
command may  unit 12, and the memory unit 13, which inputs         be given
more than once in a program.        are designated by the same letters as
the           Figure 30 illustrates details of the circuitry  commands. 



5  used in the control unit 14. The distributor    The output signal from
the distributor 801 is designated by the reference number 801.  is advanced
from one output to the next by         Because the distributor comprises
magnetron  signals applied to the stepping input of the         beam
switching tubes, the output signal from   distributor 801. As described
above, after         the distributor comprises a negative pulse.  many of
the commands have been carried out    10  The signal from each output of
the distributor  a signal is generated and applied back to the         801
is applied through a cathode follower 802  control unit. This signal is
applied to the         to a group of four output hubs 804. The  stepping
input of the distributor 801 to cause         connection to each program
output hub is  the output signal of the distributor 801 to         made
through a rectifier 803. each rectifier 803  advance one step. For some of
the commands     15  connected in the direction to have its anode  no
signal is generated after they have been         connected to the output of
one of the cathode  carried out. These commands always take
followers 802. As is stated above, the pro-  the same length of time and
circuitry is pro-         gram output hubs may be connected to the  vided
in the control unit to apply a signal to         input hubs of any selected
commands. The  the stepping input of distributor 80l after a     20  input
hubs of commands are designated by  predetermined delay whenever one of
these         the reference number 805 in Figure 30.  The  commands is
given to cause output signals of         input hubs of each command are
connected to  the distributor 801 to advance one step. When         the
input of an inverter 806 through a rectifier  more than one commands is
given on any         807 and a capacitor 815. Fach rectifier 807
particular program step. the output signal is     25  is connected in the
direction to have its  not applied to the stepping input of the dis-
cathode connected to the command input hubs  tributor 801 until all of the
commands are         805. The cathode of each rectfier 807 is  carried out.
Circuitry is provided  to apply a         connected to a terminal 808 by a
resistor 809.  negative strobe pulse to the conductor 812 a         The
anode of each rectifier 807 is connected  short time after a signal is
applied to the     30  to ground over a resistor 811  Each terminal
stepping input of the distributor 801.         808 is biased pisitively so
that currcnt will   Additional commands of the computer here.
normally flow through each rectifier 807.  tofore not discussed are
designated JNE, JZE,            The  wave forms produced at each input  and
JUM. The first two of these commands         hub 805 for the program
connections of  are conditional jump commands and will     35  Figure 30
are illustrated alongside the input  cause a program iump to another
selected step         hubs 805 in Figure 30. The negative output  of the
program  upon the occurrence of a         pulse at each succeeding output
of the distri-  certain condition.  When a program  jump         butor
starts before the pulse on the preceding  occurs the output signal of the
distributor is         output terminates. Sometimes it is desirable
switched from one output of the distributor to     40  to repeat a command
on succeeding steps of  another selected output.  The command JUM
the program. in which case the wave form  is an unconditional jump command
and under         produced on the input hub of such command   any
conditions will cause a program  jump to         will be continuous for
both program  steps.  a selected program step. Figure 31 illustrates
To distinguish the fact that the same com-  the details of the logic for
the commands     45  mand is called for twice on two successive  JNE. JZE.
and JUM.  The command JNE          program  steps. a conductor 812 is
connected  is a command for a program jump if the word          to the
anodes  of rectifiers 807 over rectifiers  in the sum register of the
arithmetic  unit is          813. the rectifiers 813 being connected in the
negative. The input hubs for the command          direction to have their
anodes connected    to the  JNE are connected to the input of the inverter
50  anodes of the rectifiers 807. The conductor  823. Therefore when the
command JNE is          812 is positivelv biased so that current will
given, a negative pulsc will be applied to the          normally flow
through the rectifiers 813 and  input of the invention 823  In response
there-          the resistors 811 to ground.    A negative  strobe  to  the
inverter 823 will apply a positive pulse          pulse is applied to the
conductor 812 immedi-  to an AND gate 827. If the S flip-flop of     55
ately after each stepping of the distributor  801.  the sum register is in
its ONE state, a signal l          A negative pulse will be applied to the
input   will be applied from the ONE output of this          of one or more
of the inverters  806 only at  flip-flop through cathode follower  828 to
the times that the rectifier 807 connected  enable the AND gate 827  If the
AND gate          thereto is cut off by a signal from the input  827 is
enabled. the pulse from the inverter 823     60  hub 805 and a rectifier
813  is  cut off by the   will pass through the AND gate  827. through
strobe pulse. At such times such inverters  an OR gate 825 to a cathode
follower  826.          805 will produce positive output pulses which
Thus, when the command JNE is given, the          are applied to blocking
oscillators 814. The  cathode follower 826  will produce an output
resulting output pulses from  blocking  oscil-  signal if the number in the
sun register is     65  lators 814 are the signals which are  applied
negative.      
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for a program jump  26 is applied to the AND gate input of each of       if
the number registered in the C3 index  a series of transfer circuits, the
outputs of       register is 00000. The input hubs of the which are used to
carry out the program jump       command JZE are connected to the input of
operations. Figure 32 illustrates the details of 5  [err]  822. Therefore,
when the command   this circuitry. Only the logic for the com-  70
JZE is given, a negative pulse will be applied  mand JNE and only one of
the transfer        to the inverter 822, which will apply a posi-  circuits
is shown for illustrative purposes.        tive pulse to AND gate 829. If
all the flip-  The circuit for each transfer circuit is the        flops of
the C3 index register are in their  same. The output from the cathode
follower  10   ZERO states, they will each apply an output  826 is applied
to the AND gates 841 in each  75       signal through cathode followers 831
through  transfer circuit. In each transfer circuit the       835 to
different inputs of AND gate 830. If  output from  the AND  gate 841 is
applied       the AND gate 830 receives input signals from   through a
cathade follower 842 to a blocking       the ZERO outputs of all live of
the flip-flops  oscillator 843. As is explained above, to give   15  of the
C3 register, it will apply an enabling  a program  jump command on a
particular  80       signal to the AND gate 829 through cathode  program
step, one of the output hubs of the       follower 836. When the AND  gate
829 is  particular program step must be connected to       enabled it will
pass the pulse from  the inverter  one of the input hubs of the selected
one cf       822. The   pulse will then pass througth the  the commands
JZE, JUM, or JNE. Also,  OR gate 825 to the cathode follower 826.  one of
the transfer circuits must be selected  85       Thus. when the command JZE
is given, the  and another output hub of the particular pro-       cathode
follower  826  will produce an output  gram step must be connected to the
input of   signal if  the C3 index register contains 00000.  inverter 845
of the selected transfer circuit.         The input hubs of the command JUM
are  The output of the inverter 845 is applied to 25  connected to the
inverter 821.  Therefore,   the AND gate 841. At each output of the  90
when the command JUM   is given,  a negative   distributor 301  there is a
switching input.       pulse will be applied to the inverter  822   When a
signal is applied to one of these       which will apply a positive pulse
through the   swtiching inputs,- the output signal of the       OR gate 825
to the cathode follower 826, and  distributor will be switched to the
output at thus the cathode follower 826 will produce an  that switching
input.  Whenever 3 program   95       output signal whenever the command
JUM is  jump command as called for, the output of the       given.
distributor to which the output signal is to be         The purpose  of the
command JZE is to  switched must be chosen The output of the
facilitate the performance of a repeated series  blocking oscillator 843 of
the selected transfer  of operations on different sets of data  By  circuit
must be connected to the  switching 100       means of this command a
series of commands  input of the distributor at the chosen output.
can be performed repeatedly with each series  Thus, when the cathode
follower 826 produces       of commands performed on a different set of  an
output signal in response to a program       data and the series of
commands need  only be  jump  command, this output signal will be   40
programmed once.  To carry out the opera-  applied to the AND  gates 841 of
all the 105       tion  the different sets of data are stored at  transfer
circuits.   The inverter 845 of the       sequential  addresses in the C
section of the  selected transfer circuit will also receive a       storage
core matrix.  The last set of date  to  signal and apply an output signal
to the AND   be operated on is stored at the addresses  in  gate 841 of the
selected transfer circuit. The   45  the storage core matrix selected by
the number  output signal  from the cathode follower 826  110       00000
in one of the C registers. The C3  will pass through the enabled AND gate
841       register is used to select the addresses. The  of the seclted
transfcr circuit through the       sequence of commands of the series to be
per-  cathode follower 842 to energize  the blocking       formed for each
set of data will includ  the  oscillator 843 of the selected  transfer
circuit.   command IC3 or DC3 to cause the contents  The    resulting
output signal from the blocking  115       of the C3 register to increase
or decrease by  oscillator .843  will be applied to the  switching
one so that the series of operations are per-  input at the chosen output
of the distributor       formed on each set of data in order. The  and thus
cause the prograti ,ump to take       last command of th: series will be to
cause a  place.   55  program  jump back to the beginning of the    WHAT WE
CLAIM  IS:-                          120       series of commands. One of
the comands of   1. A digital computer characterizcd by an       the series
will be JZE. Nothing will happen  arithmetic unit to perform  arithmetic
opera-       when the command JZE is given until the C3  tions on digital
words. a memory including a       register contains 00000.  When the opera-
memory unit to store a plurality of digital   60  tions have been performed
on the last  set of  words a.  first transfer means to transfer a 125
data, the C3 register will contain 00000    and  digital word from said
memory unit to said       the program will be jumped to whatever pro-
arithmetic unit. and from  the arithmetic  unit       gram step is selected
by the operator and thus  to the  memory unit second transfer means 



the repeated series of commands will cease.    independent of the first
transfer means to  65    The output signal from the cathode follower
transfer a digital word from said memory unit 130
946.457                                        43         The command JZE
is for a program jump   26 is applied to the AND gate input of each of
if the number registered in the C3 index   a series of transfer circuits,
the outputs of       register is 00000.  The input hubs of the  which are
used to carry out the program jump       command JZE are connected to the
input of  operations.  Figure 32 illustrates the details of [err] 822.
Therefore, when the command  this circuitry. Only the logic for the com-
70       JZE is given, a negative pulse will be applied   mand JNE  and
only one of the transfer       to the inverter 822, which will apply a
posi-  circuits is shown for illustrative purposes.       tive pulse to AND
gate 829.  If all the flip-  The circuit for each transfer circuit is the
flops of the C3 inder register are in their  same. The output from the
cathodc follower   ZERO states, they will each apply an output  826 is
applied to the AND gates 841 in each  75       signal through cathode
followers 831 through  transfer circuit.  In each transfer circuit the
835 to different inputs of AND gate 830  If  output from  the AND  gate 841
is applied       the AND   gate 830 receives input signals from   through a
cathode follower 842 to a blocking       the ZERO outputs of all five of
the flip-flops  oscillator 843. As is explained above, to give   of the C3
register. it will apply an enabling   a program  jump command on a
particular       signal to the AND gate 829 through cathode   program step,
one of the output hubs of the       follower 836. When the AND  gate 829 is
particular program step must be connected to       enabled it will pass the
pulse from  the inverter   one of the input hubs of the selected one cf
822. The  pulse will then pass    through the   the commands JZE. JUM , or
JNE. Also,               L  OR gate 825 to the cathode follower 826.  one
of the transfer circuits must be  selected  85       Thus. when the command
JZE is give, the  and another output hub of the particular pro-
cathode follower 825  will  produce an  output  gram  step must be
connected to thc input of       signal if the C3 index     register
contains 00000   inverter 845 of the selected transfer circuit.         The
input hubs of the command JUM  are  The output of the inverter 845 is
applied to  connected to the inverter  821.  Therefore   the AND  gate 841.
At each output of the  90      when the command JUM  is given negative
distributor 301 there is a switching input.      pulse will be applied to
the inverter   822  When a signal is applied to one of these      which
will apply a positive pulse  through  the   switching  inputs.  the  output
signal of the      OR gate 825 to the cathode follower 826 and
distributor will be switched to the output at thus the cathode follower 826
will produce an  that switching input.   Whenever a program   95
output signal whenever the command JUM   is  jump command is called for,
the output of the      given.
distributor to which the output signal is to be        The purpose  of the
command JZE is to  switched   must be chosen  The output of the
facilitate the performance of a repeated series  blocking oscillator 843 of
the selected transfer  35  of operations on different sets of data. By
circuit must be  connected  to the switching   100      means of this
command a series of commands    input of the distributor at  the chosen
output.      can be performed repeatedly with each series  Thus.  when the
cathode follower 826 produces      of commands performed on a different set
of  an output signal in response to a program      data and the series of
commands need only  be  jump  command.   this  output signal will be  40
programmed once. To carry out this  opera-   applied to the AND  gates 841
of all the   105      tion  the different sets of date are stored  at
transfer circuits.   The inverter 845 of the      seqential  addresses in
the C section of the  selected  transfer  circuit will also receive a
storage core  matrix.  The last set of data to  signal and applv an output
signal to the AND      be operated on is stored at the addreses in  gate
841 of   the selected transfer circuit  The  45  the storage core matrix
selected by the number   output signal from  the cathode follower 826  110
00000 in one of the C  registers. The C3    will pass through the enabled
AND gate 841      register is used to select the addresses.    The  of the
selected transfer circuit through     the      sequence of commands of the
series  to  be per-  cathode  follower 842 to energize  the blocking
formed for each set of data will include the   oscillator  843 of  the
selected transfer  circuit.  50  command IC3  or DC3 to cause the  contents
The resulting output signal from   the blocking  115      of the C3
register to increase  or decrease by  oscillator 843 wil he applied to the
switching      one so that the series   of operations are per-  input at
the chosen  output of the distributor      formed on each set of data in
order. The   and thus cause  the  program   jump to take      last command
of the series will be to cause a  place. 



55  program  jump back to the beginning of the       WHAT WE  CLAIM  IS:-
120      series of commands.  One of the commands of     1. A digital
computer characterized by an      the series will be JZE. Nothing will
happen  arithmetic unit to perform arthmetic  opera-      when the command
JZE is given until the C3   tions on digital words. a memory including a
register contains  00000.  When the opera-   memory unit to  store a
plurality of digital 60  tions have been performed on the last set of
words.  a  first  transfer means to transfer a  125      data. the C3
register  will contain 00000  and   digital word from said memory unit to
said      the program will be jumped to whatever pro-  arithmetic unit and
from  the arithmetic unit      gram step is selected by the operator and
thus  to the memory unit. second transfer means      the repeated series of
commands will cease.    independent of the first transfer means to 65
The output signal from the cathode follower  transfer a digital word from
said memory unit 130      A               44
946,457         to said arithmetic unit, and from  the arith-  register to
store  digital words  a  second         metic unit, to the memory unit,
means to  register to store a digital  word, means to add
selectively cause both of said transfer means  the contents of said first
register to the con-         to operate simultaneously, and wherein said
tents of said second register with the results arithmetic unit includes a
first register to store  stored in said second register.        a digital
word, and a second register to store    8. A digital computer according to
Claim 7,        a digital word, and  wherein said first transfer  wherein
said second register has a greater        means transfers said digital word
to and from  word length capacity than said first register        said
first or second register and said memory     9. A digital computer
according to Claims    10  unit, and said second transfer means transfers
4-8, wherein said memory includes a continu-   75        a digital word to
and from said  memory unit  ous recording surface divided into data blocks,
and said second register.                      each of said data blocks
being divided into a           2. A digital computer according to Claim
first half and a second half, and transducing         1, wherein said
arithmetic unit includes an   means for reading a digital word out of the
15  addend register to store a digital word, a   first half of each said
data blocks in a pre-  80        sum  register to  store  a  digital word.
a   determined  order, and  for recording  said        multiplier quotient
register to store a digital  digital word in the second half of one of said
word, means to multiply the contents of said  subsequent data blocks in
said predetermined        multiplier-quotient register by the contents of
order.    20  said addend register and store the result in       10. A
digital computer as claimed in Claim  85        said  sum  register, and
wherein  said  first  9. wherein each of said halves of said data
transfer means interconnects said memory unit  blocks are capable of
storing a plurality of        and each of said registers to transfer
digital  data words, and  wherein  said  transducing        words from said
memory unit to said registers,  means is selectively operable to read the
data   25  and said second transfer means interconnects  word currently
applied thereto in the first half  90        said sum  register and said
memory  unit to  of each date block; and record said date word
transfer digital words from  said sum  register  in said second half. and
to subsequently read        to said memory unit.
a digital word out of the second half of each          3. A digital
computcr according to Claim 1.  said data blocks    30  wherein said
arithmetic unit includes a first      11. A digital computer as claimed in
Claim  95        register to store a digital word. a second   10, wherein
each of said halves of data block        register to  store 2  digital
word, a  third  is capable of storing    a plurality of digital
register to store a digital word. means to   words, wherein  said
transducing  means  is        multiply the content of said third register
with  capable of recording the digital word currently   35  the contents of
said first register and to store   applied thereto on said recording
surface in  100        the results in said second register, sail second
said data blocks and capable of reading out        register having a
greater word length capacity  digital words from  said data blocks of said
than said first register, and  wherin said first  recording surfaces, means
to drive said record-        transfer means interconnects said memory  unit
ing  surface to cause said data blocks to pass   40  and said first. second
and third registers to  in transducing  relationship with said trans-. 105
transfer digital words from said memory unit  ducing  means in sequence,
control means  con-        to one of said  registers,   and wherein said
ditioning said transducing means to read out        second transfer means
interconnects one of  during the first half of each data block and
said registers and said memory unit.            conditioning said
transducing means to record   45    4. A digital computer according to
Claim  1  during  the second half of each of said data  110 



further including control means, and wherein  blocks.        said first
transfer means is responsive  to a    12. A  digital     commuter as in
Claim  11.        first predetermined signal from  said control   wherein
there is provided means  to  perform        means  and said second transfer
means is res-  arithmetical  operations on each of the digital   50
ponsive to a second predetermined  signal from    words read or by said
transducing means. 115       said control means.
and mean to apply digital words resulting          5. A digital computer
according to Claim 4.  from said  arithmetical operations  to  said
wherein said arithmetic unit includes 2 first. a  transducing means.
second  and a third  register, each of said        13  A  digital computer
as in Claim    10.   55  registers being  adapted to store a digital word.
wherein siad means for applying  the  digital  120       and means to
multiply the contents of said  words resulting    from said arithmetical
opera-       third register by the contents of said first  tions  to  said
transducing  means applies said       register and storing the result in
said second  digital  words in the same order as the read       register.
out words were  recorded so that the digital  60    6. A digital computer
according to Claim 5.  words resulting from  said arthmetical opera-  125
wherein said second register has   a greater           tions are recorded
on said  recording surface in       word length capacity  than said first
or third  the  second halves  of said data   blocks   in the
registers.                                      same  order as the read
out words  were         7. A digital computer according to  Claim  6.
recorded.  65  wherein said arithmetic unit includes a first    14. A
digital  computer as claimed in Claim  130
946,457                                        45      13, wherein said
transducing means is capable  halves of said data blocks being indexed by
of recording digital words on said recording  the same set of addresses,
and wherein said     surface, means to drive said recording surface
transducing means is capable of reading digital     to cause said data
blocks to pass in transducing  words recorded on said recording surfaces,
65 5      relationship with said  transducing  means  in  address selecting
means for selecting one of     sequence said control means conditioning
said  said set of addresses means to drive said         transducing means
to read out a digital word  recording surfaces to cause said data blocks to
from  the first half of said data block, and  pass in transducing
relationship with  said     conditioning said transducing means to record
transducing means in sequence, and means to  70  the   digital word
currently applied to said  cause said transducing means to read out a
transducing means in the second half of said  digital  word out of the word
place at the     data block, and wherein said means to apply  address
selected  by said  address selecting     the digital words resulting from
said arith-   means in the first half of the data block     metical
operation to said transducing means    currently passing in transducing
relationship  75 15  applies said digital words resulting  from said  with
said transducing means.     arithmetical operation  to  said  transducing
19. A digital computer as claimed in Claim     means at the same rate as
said data blocks  10, wherein each of said halves of each of said     pass
in transducing relationship  with  said  data blocks contains a plurality
of word places,     transducing means.                            each of
said word places being capable of  80 15. A digital computer as claimed in
Claim  storing a digital word, each of said pluralities     10,  wherein
there is provided means to per-  of word places in each of said halves of
each     form  arithmetical operations on each said  of said data blocks
being indexed by the same     digital word read out to thereby  produce a
set of addresses, and  wherein  said  first     resulting digital word for
each digital word  mentioned  means comprises a transducing  85 25  read
out, and to apply each resulting digital  means capable of recording
digital words on     word to said transducing means in the same  said
recording surface and capable of reading     order as said digital words
read out were  out the digital  word from said recording sur-     recorded
in such a manner as to record each  face, address selecting means for
selecting one     said digital  word in a different hat of said  of said
set of addresses, means to  drive said  90 30  data blocks in the same
order as said digital  recording surface to cause said data blocks to
words read out were recorded                  pass in transducing
relationship  with said        16. A digital computer as claimed in Claim
transducing means in sequence, and means to     15, wherein each of said
halves of said data  cause said transducing  means to read out a     blocks
are capable of storing a plurality of  digital word from  the first half of
the data  95 35  digital words.                                 block
currently passing in transducing relation-        17. A digital computer as
claimed in Claim  shiip with said transducing    means from a word     10,
wherein said second half of each of said  place in said data block at the
address selected     data  blocks containing a   plurality of word  by said
address selecting means, and to cause 



places each of which is capable of storing a  said transducing means to
record the digital 100 40  digital word, said word places in each of said
word currently applied to said transducing     second half of said data
blocks being indexed   means in the second half of the data block     by
the same set of addresses and  wherein said  currently   passing  in
transducing relationship     transducing  means is capable of recording
with said transducing means at a word place     digital words on said
recording surface. means  in said second half of such data block at the
105 45  to drive said recording surface   to cause said  address selected
by  the  address selecting     data blocks to pass in transducing
relationship  means.     with said  transducing  means  in sequence,    20.
A digital computer as in Claim  19,     address selecting means for
selecting one of             wherein there is provided means to perform
said plurality of address, and  means to  arithmetical operations on the
digital words  110 50  cause said transducing means  to  record    the
read out by said transducing means, and     digital words currently applied
to said trans-   means to apply digital words resulting from     ducing
means in the word place selected by  said arithmetical operations to said
trans-     said address selecting means in the second half  ducing means.
of the data block currents passing in trans-    21. A  digital computer
substantially  as  115 55  ducing  relationship  with  said  transducing
described with reference to the accompanying     means
drawings.        18. A digital computer as claimed in Claim
For the Applicants:     10  wherein said first halves of said data
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places,  -      Chartered Patent Agents, 60  each of which is capable of
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