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1
KEYBOARD DIGITAL DATA ENTRY SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to keyboard data input systems for
digital computers and more particularly to an input system in
which a central processor unit is shared by a number of keys-
tations.

Originally, data input to a digital computer was performed
on a keypunch. An operator at a keyboard is assisted by
mechanical entry functions for duplicating and skipping. The
operator produces a punched card which then must be in-
serted into a card reader for input to a computer. These
machines operate independently of each other, each with its
own data entry function capability. Keypunches are relatively
slow and noisy. Extensive equipment is needed to read the
cards, pool the data and transfer it to the computer in usable
form. .

Key-to-tape systems are an improvement over the keypunch
in many applications. They are faster and quieter because of
extensive use of electronic rather than mechanical com-
ponents. Some key-to-tape systems have a memory and a con-
trol unit which provide data entry functions, such as skipping
and automatic balancing. However, these systems are similar
to keypunches in that each unit has its own independent
source of data entry functions. Additional peripheral equip-
ment is often required to pool data into a form usable by the
computer. ‘

Recently developed key-disc data entry systems have been
assembled from available hardware. Software or programs
have been written to utilize features of the hardware. Systems
of this type are available from the Computer Machinery Cor-
poration, Haddonfield, New Jersey, and from the Logic Cor-
poration, Los Angeles, California. Because of the high cost of
purchased hardware components and subsystems, presently
available key-disc systems are competitive in cost with key-to-
tape terminals only in installations requiring a large number of
keystations, for example, 32 or more. When a large number of
keystations are tied into one control unit in this manner, main-
tenance problems with the control unit results in downtime for
many keystations.

The system of the present invention is an alternative to
those systems described above.

SUMMARY OF THE INVENTION

In accordance with an important aspect of this invention,
significant cost and performance advantages are achieved in
an input system including a plurality of keystations which
share a control unit having a fixed memory containing resident
keystroke processing routines and a read-write memory for
keystroke assembly and format control. Format control data is
swapped between a magnetic disc unit and the read-write
memory so that all of the keystations are effectively provided
with independent format control data while sharing the keys-
troke processing routines.

In accordance with another important aspect of the present
invention, the read-write memory has a station buffer and an
assembly area for each keystation. Each of the keystations is
periodically polled to transfer the keystroke data into the as-
sociated station buffer. The keystroke data is periodically
transferred from the station buffer to the assembly area under
control of the format control data currently in the read-write
memory.

In accordance with another important aspect of the present
invention, each of the keystations has a data display device. A
single data transmission channel connects the read-write
memory to all of the data display devices. The keystroke data
in each of the assembly areas is sequentially and periodically
read onto the data channel in synchronism with keystroke
polling, but the keystroke data is displayed only on the proper
display device because these display devices are enabled in
synchronism with the keystroke polling.

In accordance with another important aspect of the present
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2

stored in a portion of the disc unit and are selectively read into
the read-write memory. The instruction counter has an as-
sociated latch which controls whether the next instruction to
be executed is fetched from the fixed memory or the read-
write memory.

In accordance with another important aspect of the present
invention, the words stored in the fixed and read-write memo-
ries are only eight bits long, which is all that is required for
handling eight-bit magnetic tape. However, the instruction
counter and certain registers have a capacity for 12-bit words
in order to address all storage locations in the memory. In
order to accommodate 12-bit words in the fixed memory, a
two-byte word assembly technique is used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the system;

FIG. 2 shows a more detailed block diagram;

Fig. 22 shows the data flow between the registers;

Fig. 3 is a storage map of the read-write memory;

Fig. 4 is a map of the storage on the disc; and

Fig. 5 is a timing diagram showing the swapping sequence.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, the control unit includes a processor 10
having a read only, or fixed, memory 11 and a read-write mag-
netic core memory 12. In the particular example being
described, the fixed memory 11 has 4,096 eight-bit storage lo-
cations and the read-write memory 12 has 2,048 eight bit
storage locations. The fixed memory 11 contains fixed, or re-
sident, subroutines such as left zero, check digit, and so on.
Read-write memory 12 is used for keystroke assembly, job
control format programs and programming scratch pad. It will
be appreciated that the use of the read only, fixed, memory 11
represents a significant reduction in cost. By way of example,
the fixed memory 11 having 4,096 storage locations is approx-
imately the same cost as the read-write memory 12 having
2,048 storage locations.

A magnetic disc unit 13 provides storage for record pooling
and for non-resident, i.., less frequently used, routines. These
are accessed by the movable heads 14.

The disc also has two tracks which are accessed by the fixed
head 15. As will be more fully explained subsequently, these
tracks contain the format control data which is swapped back
and forth between the disc unit and the read-write memory 12.
By continuously swapping this format control data, each of the
keystations is effectively provided with its own independent
format control data while sharing the keystroke processing
routines stored in the fixed memory 11.

The control unit also includes a magnetic tape drive unit 16
which is the output medium for any job ready for input to the
digital computer.

In certain situations, it will be desirable to operate the input
system of this invention on-line with the computer. This can
be done with a system of this type because the output of the
system is pooled, verified data which can be operated upon
on-line by the digital computer. This on-line operating capa-
bility has been indicated at 17.

In the particular embodiment of the invention being
described, up to eight keystations may be provided, the keys-
tations 18, 19 and 20 being shown. Each keystation includes a
keyboard and a visual display device, in this case a cathode ray
tube. A single data transmission channe! 21 connects the
processor to all of the keystations. That is, the stations are
down-line dropped, or “daisy chained” along the cable length.
This is contrasted, for example, to a star connection wherein a
separate cable connects the processor to each of the keysta-
tions. The cathode ray tube at each unit displays text or-
ganized 32 characters per line in four lines, a total of 128
characters. A moving cursor on the CRT indicates the operat-
ing position on the displayed text to the operator.

The central processor 10 includes the section 22 for
periodically polling each of the keystations to store keys-

invention, non-resident keystroke processing routines are 75 trokes.



3,657,706

3

Input-output adapter 23 decodes the address portion of
each word and transmits the data portion of each word to the
correct address.

Each keystation is poled 60 times a second and the keys-
trokes are transferred to an associated station buffer of the
read-write memory 12. At the same time that a keystation is
poled for keystrokes, the brightness control on the CRT is
turned-up, that is, the visual display unit is enabled. Since the
display unit is enabled in synchronism with the polling rate, it
will display only that data present on the cable 21 during the
time period that the keystation is being poled. The data being
worked on by a particular keystation, and stored in an as.
sembly area in the read-write memory 12, is sequentially read
onto the data channel 21 in synchronism with the keystroke
polling. Therefore, only the data being inputted at a particular
keystation will be displayed on the CRT of that keystation.

CONTROL UNIT DATA FLOW

The data flow in the control unit is shown in simplified form
in FIG. 2.

The control unit further includes the A, B, C and D registers
24 - 27 which are in communication with each other as well as
with the fixed memory 11 and the read-write memory 12.
Each register has a primary function which is summarized
below:

A Reg. 24 - eight bits, serves as data buffer for read-write
memory 12. It is also the data buffer for constants fetched
from fixed memory 11. The programmer can test and set
individual bits of this register.

5 B Reg. 25 - 12 bits, serves as address buffer for read-write
memory 12, as well as fetch address for fixed memory 11.
The programmer can increment this register (1-up), or
load it with a fixed word.

C Reg. 26 - 12 bits, general purpose.

10 D Reg. 27 - 12 bits, serves as address LINK REGISTER
ON BRANCH INSTRUCTION. During execution of a
branch, the old Instruction Counter (IC) address is auto-
matically entered here.

Drivers 28 are provided for these registers as is the usual
practice. The control unit also includes the usual instruction
counter 29, operations register 30 and controls 31. The read-
write memory 12 may be addressed by the B Reg. 25, the in-
struction counter 29, or the input-output adapter 23. The
fixed memory 11 may be addressed by the B Reg. 25 or the in-
struction counter 29. These operations are summarized as fol-
lows:
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Since eight-bit instructions are used, there are 28, or 256,
possible instructions. It is necessary to use two of these in-
structions to set the latch but there are still 254 instructions
remaining to operate the system. This very minor disad-
vantage is more than compensated for by the significant
savings in instruction storage space. In the absence of the latch
29a, a nine-bit word would be required to provide the capa-
bility for fetching instructions from either the fixed memory
11 or the read-write memory 12. These nine-bit words require
a significant increase in the amount of storage space over that
required by the eight-bit words used in the present system.

During the execute cycle, the gates 11a and 115 control
whether a store or fetch operation is performed in the read-
write memory 12 or, alternatively, a table look-up operation is
performed in the fixed memory 11. The condition of the gates
11a and 114 is controlled by the last bit in the OP register 30.
In a store or fetch operation, the B register 25 addresses the
read-write memory 12 via the gate 11a. The fetched data from
the read-write memory 12 is applied via the gate 116 to the A
register 24. In a table look-up operation, the B register ad-
dresses the fixed memory 11 via the gate 11a. The result of the
table look-up is applied via the gate 115 to the A register. Sim-
ple arithmetic operations are performed in these table look-up
operations. For example, instead of actually adding two num-
bers, the sum of the two numbers is stored in the table and is
addressed by the two addends.

Another important capability of the system of the present
invention is the provision for the use of two-byte instructions.
Note that the words in the fixed memory 11 are only eight bits.
This is all that is required for handling eight-bit tape. How-
ever, instruction counter 29, B register 25, C register 26, and
D register 27 must all be supplied with 12-bit words. These 12-
bit words are required to address all of the storage locations in
the fixed memory 11 and the read-write memory 12. (Ac-
tually, the fixed memory 11 is addressed with a 12-bit word
and the read-write memory 12 is addressed with an 11-bit
word.)

The first four bits of certain instructions identify them as
being part of a two-byte word. For example, when the word
1101 XXXX is in the OP register 30, the first four bits 1101
are decoded as identifying a two-byte word for the instruction
counter. The last four bits of this word and the eight bits of the
word at the next addressed storage location are combined and
the 12 bits are supplied to the instruction counter. A different
-combination of the first four bits may identify a two-byte word

Normal Alternate Alternate
General Storage_._____..________ Non-resident Program Execute. _.___.__ 10 Cyecle Steal.
Read-write memory 12_____ .. Addressed by B__._.____.._ .. ddressedbyIC.._. ... 00T Addressed by I/O.
Datatofrom A___________ . Data to OEUReg ................ -.. Data to/from 1/0.
Fixed Program Execute. ---- Table Lookup__.__.____ .. /77T
Fixed memory 11, .____._______. Addressed by IC_ ____ ~--- Addressed by B._.....__._ T
Datato Op Reg________ - DatatoA . ITITTTTTTTTT

The foregoing may be better understood with reference to
FIG. 2a showing the gates 12a and 126 which control whether
the instruction to be executed is fetched from the read-write
memory 12, or from the fixed memory 11. The latch 294 con-
trols the gates 124 and 12b. When the latch 294 is set to the
normal condition, the contents of the instruction counter ad-
dress the fixed memory 11 is transferred via the gage 12a. The
addressed instruction in the fixed memory 11 is transferred via
the gate 125 to the operations register (OP register) 30. When
the latch 294 is set to the alternate condition, the contents of
the instruction counter address the read-write memory 12 via
gate 12a. The addressed instruction in the read-write memory
12 is transferred, via gate 12 to the OP REGISTER 30.

The condition of the latch 294 is set by an instruction as in-
dicated by the dashed line from the OP register 30 to the latch
29¢. That is, there is a separate instruction to switch the condi-
tion of the latch from the normal to the alternate mode, and
another instruction to switch the latch from the alternate to
the normal mode. A string of instructions will be executed
with the latch 294 in the normal mode, followed by an instruc-
tion which switches the latch to the alternate mode. Then, a
string of instructions are executed with the latch in the al-
ternate mode.

60
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“for the ﬁ}egiéter, and other combinations of t the first four bits
identify two-byte words for the C and D registers.

ALLOCATION OF READ-WRITE MEMORY STORAGE
LOCATIONS, FIG. 3

The allocations of the storage locations in the read-write
memory 12 are shown in the storage map of Fig. 3. The map is
128 bytes wide (standard record length) and is 16 records
high. The first two lines 32 and 33 contain the format control
information for the job in process. There is a continuous
swapping of format control data between the fixed head tracks
of the magnetic disc 13 and the storage locations 32 and 33 in
the read-writte memory 12. This format control data is
swapped between the fixed head of disc 13 and lines 32 and 33
every 15 milliseconds. The line 32 contains the program con-
trol records designated PROG1 and PROG2. The line 33 con-
tains the auxiliary duplication and forms records which are
designated AUX.

The lines 34 and 35 of the read-write memory 12 contain
the station buffers for keystroke data from each keystation.
They also contain a pointers section for each keystation.
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Specifically, keystroke data from keystation one is assembled
in the station buffer 36. For each station, there is also assigned
an area of storage used as a pointer. For example, for station
one, the area of storage 36 is switched from bit position to bit
position to indicate the location of the last keystroke in a
record. Each keystation is similarly assigned 16 bytes for pro-
gramming pointers and 16 bytes for a keystroke station buffer.
The keystroke buffer stations are continuously entered by the
input-output polling sequence. That is, words representing the
coordinate of a keystroke are picked up by the polling
sequence and entered into the associated station buffer.

Lines 38 - 41 are used for programming scratchpad. These
lines are also used as temporary storage for non-resident pro-
grams which may be transferred from the disc into the read-
write memory as required.

Lines 42 - 49 are assembly areas for the keystations. Keys-
troke coordinate data from station buffer 36 is transferred to
assembly area 43 under control of the format contro! data in
lines 32 and 33. Note that the data in the station buffer 36
represents only which key has been stroked. This is converted
to a word representing alphabetic or numeric information, for
example, by the format control data in lines 32 and 33

Then, the format control data for use by keystation two is
swapped into lines 32 and 33. Keystroke coordinate data from
the station buffer for keystation two is transferred to assembly
area 44 under control of that format data. There is a continu-
ous swapping of format control data between the disc 13 and
lines 32 and 33 of the read-write memory. During the time
that the format control data for a particular station is present
in lines 32 and 33, keystroke coordinate data from the station
buffer is transferred to the assembly area for that keystation.

DISC 13, FIXED HEAD MAP FIG. 4 AND SWAPPING
SEQUENCEFIG. §

The disc 13 is a single fixed platter rotating at 1,500 pm
and is accessible over 200 cylinders by a pair of moving heads.
In addition, a single extra cylinder is accessed by a pair of
fixed heads. The disc is sectored into sixteen 128 byte records
per track. The 200 random access cylinders are assigned as
follows:

128 cylinders m 128x2x16 = 4,096
records or 524,288 bytes

16 cylinders = {28 job formats
(PROG,AUX)

56 cylinders

Job data (pooled records)
Job control library

Non-resident programs

The fixed head tracks contain the format control data cur-
rently in use. As shown in FIG. 4, sector zero contains a pro-
gram for station zero, sector 1 contains the auxiliary data for
station zero, sector 2 contains the program for station 3, sec-
tor 3 contains the auxiliary data for station 3 and so on. Each
station has an independent selection of format control data.
As will be subsequently described, format control data may be
called to the fixed head swapping tracks by name from the job
control library or they may be entered from the keyboard.

The other, lower, track associated with the fixed heads is
used for temporary storage when an error occurs. When an
entry error has been indicated, the assembly area in the read-
write memory is unloaded and a special error message to be
displayed to the keystation operator is substituted. However,
the information previously in the assembly area is retained by
temporarily storing it in one of the areas indicated on the
lower track associated with the fixed heads.

The swapping and processing sequence is shown in FIG. §.
During the first revolution of the disc, the program and aux-
iliary data for keystation zero are transferred to lines 32 and
33 of the read-write memory as the zero and 1 sector of the
drum pass under the fixed head. As sectors 2 - § pass under
the fixed head, keystroke data in the station buffer is trans-
ferred to the assembly area for keystation zero. That is, the
keystroke data for keystation zero is processed.
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As the sectors 6 and 7 pass under the fixed head, program
and AUX data for keystation one is swapped to the read-write
memory. As the sectors 8 - 11 pass under the fixed head, the
keystroke data for keystation one is processed. As sectors 12
and 13 pass under the fixed head, the format control data for
keystation two is swapped to the read-write memory. The
keystroke data for keystation two is processed as sectors 14
and 15 pass under the fixed head. This processing continues
during the initial portion of the second revolution of the disc.
The swapping and processing sequence continues as shown in
Fig. 5 so that the keystroke data for all of the stations is
processed during three complete revolutions of the disc.

KEYSTATION POOLING AND DISPLAY REFRESH

Referring back to Fig. 1, the eight keystations are each
polled 60 times per second. The duration of the polling is
1/480" of a second during which time any keystroke from the
keystation is stored in lines 34 and 35 (Fig. 3) of the read-
write memory 12. During this time, the cathode ray tube as-
sociated with that station is unblanked to display the video dot
stream appearing on the cable 21.

While a particular embodiment of the invention has been
shown and described, it will be understood that various
modifications may be made without departing from the true
spirit and scope of the invention. The appended claims are,
therefore, intended to cover any such modifications.

What is claimed is:

1. Inan input system for a digital computer, comprising:

a plurality of independent keystations each having a data

entry keyboard,

a data transmission channel connecting said keystations to a

central processor which includes:

acontrol unit having;

a fixed memory containing resident

keystroke processing routines,

a read-write memory having a section for keystroke as-
sembly and a section for format control, each of said
keystations being connected to apply keystroke data to
said section for keystroke assembly of said read-write
memory, and

a magnetic disc unit, at least a portion of said disc unit
being used for storing format control data, the im-
provement comprising:

an adapter connected between said magnetic disc unit
and said read-write memory, said adapter being con-
trolled to periodically swap said format control data
between said portion of said magnetic disc unit and said
section for format control of said read-write memory so
that all of said keystations are effectively provided with
independent format control while sharing the keys-
troke processing routines.

2. The system recited in claim 1 wherein said read-write
memory has a station buffer for each keystation and an as-
sembly area for each keystation,

means for periodically polling each of said keystations to

transfer said keystroke data into the associated station

buffer, and

means for periodically transferring said keystroke data
from said station buffer to the assembly area under
control of the format control data currently in said
read-write memory.

3. The system recited in claim 2 wherein each of said keys-
tations has a visual display device, and wherein said data trans-
mission channel is a single channel connecting said read-write
memory to all said data display devices,

means for sequentially and periodically reading the keys-

troke data in each of said assembly areas onto said data

channel in synchronism with keystroke polling, and
means for enabling each of said display devices in
synchronism with said keystroke polling.

4. The system recited in claim 1 wherein non-resident keys-
troke processing routines are stored in a portion of said disc
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unit, said non-resident keystroke processing routines being

selectively read into said read-write memory, and
an instruction counter connected to address said read-write
memory and said fixed memory, and
a single-bit latch controlling whether the next instruction to
be executed is fetched from said fixed memory or from
said read-write memory.
§. In an input system for a digital computer, comprising:
a plurality of independent keystations each having a data
entry keyboard,
a control unit at a central location,
a read-write memory in said control unit, said read-write
memory having a plurality of keystroke data assembly
arcas,
a visual display device at each of said keystations,
a single data transmission channel connecting said read-
write memory to all said data display devices, the im-
provement comprising:
means for sequentially and periodically reading the keys-
troke data in each of said assembly areas onto said data
channel in synchronism with keystroke polling, and

means for enabling each of said display devices in
synchronism with said keystroke polling.

6. In an input system for a digital computer, comprising:

a plurality of independent keystations each having a data
entry keyboard,

a control unit at a central location having:

a fixed memory containing resident keystroke processing
routines,

a read-write memory having a section for keystroke as-
sembly and a section for format control, each of said
keystations being connected to apply keystroke data to
said section for keystroke assembly of said read-write
memory, and
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a magnetic disc unit, at least a portion of said disc unit
being used for storing format control data, non-resident
keystroke processing routines being stored in a portion
of said disc unit, said non-resident keystroke processing
routines being selectively read into said read-write
memory, and

a data transmission channel connecting said keystations to

said control unit, the improvement comprising;

an instruction counter in said control unit, said instruc-
tion counter being connected to address said read-write
memory and said fixed memory,

a single-bit latch means controlling whether the next in-
struction to be executed is in said fixed memory or in
said read-write memory, and gating means connected
to the outputs of said fixed memory and said read-write
memory, said gating means being controlled by said
single-bit latch means.

7. The input system recited in claim 6 and an operations re-
gister connected to receive instructions from said gating
means, said operations register being connected to control the
execution of said instruction, said single-bit latch being set to a
normal condition by one instruction in the operations register
and being set to an alternate condition by another instruction
in said operations register.

8. The system recited in claim 1 wherein said memories
each include a plurality of storage locations each having n bit
positions, where »n is the number of bits in the data words in
the output to said digital computer, the storage locations in
said memories being addressable by words which are & bits in
length, where k is greater than n, and

at least one register having k bit positions, said register

being loaded with words from two storage locations to

form a two-byte instruction.
* % Kk x %
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