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ABSTRACT: A remote terminal station connected by corn 
munication channels to a central processor for the communi 
cation of alpha and numeric information. The terminal station 
is capable of being operated in any one of three independent 
modes. The first mode is on line with the central processor 
with an operator entering data into the system at the terminal 
station. By proper selection of operational keys, the code 
transmitted by the terminal station is either ASCII or 
Hamming. The second mode is on line unattended wherein the 
terminal station "echoes' back to the central processor all in 
formation received by it. The third mode is an off-line mode of 
operation wherein an operator controls the input and output 
of the station. A recirculating register operating on a time 
sharing basis is used for synchronizing the operating speed of 
the terminal station with the speed of transmission over the 
communication lines. 
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TERMINAL STATION 

SUMMARY OF NVENTON 

A remote terminal station for the communication of data 
via communication channels with a central processor. The ter 
minal station includes a keyboard having an alpha lection, a 
numeric section and an operational section for generating a 
codal representation of the several keys including the opera 
tional keys thereon. The codal representation is in either one 
of two distinct codes depending upon the selection of the 
operation key. A recirculating time shared memory is used to 
buffer the transmitted and received signals between the ter 
minal station and the communication channels. 
Each code is processed according to whether it is in ASC 

or Hamming. Hamming codes are used in numeric data and 
are processed through four distinct and different parity opera 
tions to determine the correctness of the signal. ASCII codes 
are processed through one parity operation to determine the 
correctness of the signal. The selection of parity operations is 
determined by the actuation of a control member in response 
to data instructions received thereby from the source of infor 
mation. Each codal representation of data is composed of the 
same number of bits arranged into three subgroups. 

DESCRIPTION OF ORAWINGS 

ln the drawings: 
FIG. 1 is a diagrammatic illustration of an overall communi 

cation system embodying our terminal station; 
FIG. 2 is a perspective illustration of the terminal station; 
FIG. 3 is a block diagram of the terminal station; 
FIG. 4 is a schematic diagram of the basic timing of the ter 

minal station; 
FIG. 5 through FIG. 7 are diagrammatic illustrations of the 

basic timing organization of the terminal station; 
FIG. 8 through FIG. 10 are diagrammatic illustrations of the 

loop organization of the terminal station; 
FIG. 11 is a schematic of one stage of a loop; 
FIG. 12 is a timing diagram of FIG. 11; 
F.G. 13 is a representation of the codes used in the terminal 

station; 
FIG. 14 is a block diagram of the keyboard to loop system; 
FIG. 15 is a schematic of the keyboard of FIG. 14; 
FIGS. 16 through 18 are schematics of the logic of FIG. 14; 
FIG. 19 is the Keyboard State Machine diagram; 
FIG. 20 is a Karnaugh map of FIG. 19; 
FIG 21 is a logic schematic; 
FIG. 22 is a timing diagram of FIG. 19, 
FIG. 23 is the Transmitted Data State Machine diagram; 
FIG. 24 is a Karnaugh map of FIG. 23; 
FIGS. 25 and 26 are logic schematics; 
FIG. 27 is a timing diagram of FIG. 23; 
FIG. 28 is the Received Data State Machine diagram; 
FIG. 29 is the Karnaugh map of FIG.28; 
FIGS. 30 through 33 are logic schematics; 
IG. 34 is a timing diagram of FIG. 28; 

FIG. 35 is the Received Data Parity State diagram; 
FIG. 36 is the logic schematic of FIG.35; 
FIG. 37 is a logic schematic; 
FIG. 38 is a diagrammatic illustration of printer timing; 
FIG. 39 is a timing diagram of FIG. 38; 
FIG. 40 is a logic schematic of the C Register and Decoder; 
FIG. 41 is the Position Code State Machine diagram and 

logic schematic, 
FIG. 42 is a Karnaugh map of FIG. 41; 
FIG. 43 is the Interrupt State Machine diagram; 
FIG. 44 is a Karnaugh map of FIG. 43; 
FIG. 45 is the Decoder State Machine diagram; 
FIG. 46 is a Karnaugh map of FIG. 45; 
FIG. 47 is a code chart of the terminal station. 

GLOSSARY AND INDEX OF SIGNALS 

ASCII, FIG. 47: American Standard Code for Informa 
tion Interchange; this is the code format for the alpha 
characters. 
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BTO FIG. 8: The first ble position in the shift register 

big. 39: A special timing bit used in the keyboard 

big. 14: A special timing bit used in the keyboard 

brig. 4: Special control timing bit used in the basic 
timing of the terminal station. 

BT65, FIG. 4: Special control timing bit used in the basic 
timing of the terminal station. 

CD0 to CD7, FIG. 40: The decoded values of the first 
three stages of the C register. 

COF to C7F, FIG. 40: The eight stages of the C register. 
CHn, FIG. 40: The abbreviation identifying the charac 

ters in the recirculating shift registers; n is a number from 
0 to 7. 

CH1 F, CH2F, CH4F, F.G. 4: 
character counter. 

CSTKO, CTTK and CSTK7, FIG. 40: The decoded 
signals from the upper three stages of the C register, CSF, 
C6F and C7F, which identify the particular ASCII code 
stick, in FIG. 47, of the character in the C register. 

CTn, FIG. 4: The abbreviation identifying the bits in each 
character of the recirculating shift registers; n is a number 
from 0 to 7. 

CTF, CT2F, CT4F, FIG. 4; 
counter, 

CXT. A command signal as used in the overall system 
having the meaning "execute" and refers to the signals 
stored in the C register. 

CXTT, FIG. 40: A command signal as used in the overall 
system having the meaning "execute timed" and refers to 
the signals stored in the C register. 

DS0 to DS7, FG, 45: The several states of the Decode 
State Machine. 

DSF1, DSF2, DSF4, FIG. 46: The state control flip-flops 
of the Decode State Machine. 

EC1, EC2, EC3, EC4, FIG. 35: 
Received Data Parity Check. 

Echo Back, FG. 4: The serial output of the C register 
for transmission to the central processor during the on 
line unattended mode of operation. 

ENCXT, FIG. 40: A command signal as used in the 
overall system having the meaning "enable execute" and 
refers to the signals stored in the C register. 

Error: A control signal identifying the error conditions 
required to set the error flag in BT65 of Loop zero. 

FND BIT, FIG. 18: The signal identifying a particular bit 
position of the keyboard output for loading into the 
keyboard buffer. 

Group A, Group B, Group C, FIG. 13. The designation of 
the three groups of pulses generated by the keyboard. 

Hamming: The code format used for the numeric charac 
ters from the numeric keyboard. 

HF, FIG. 40: The signal identifying the true side of the 
Hamming control flip-flop. 

Initialize, FIG. 19: Initial power on sequence setting the 
several state machines of the terminal station in state 

O. 

INTRPT, FIG. 43: 
interrupt key. 

IP2F: The control flip-flop for the program select key No. 
2. 

IP3F. The control flip-flop for the program select key No. 
3. 

IS0 to IS3, FIG. 43; 
State Machine. 

ISF, SF2, FIG. 44: The state control flip-flops of the In 
terrupt State Machine. 

KBDFF, FIG. 14: The keyboard control flip-flop con 
trolling the loading of information into the keyboard 
buffer. 

KBL1, KBL2, KBL4, KBL4, KBL8, FIG. 15: 
A output signals from the keyboard. 

KBST, FIG. 15: The keyboard strobing signal. 

The three stages of the 

The three stages of the bit 

The several states of the 

The output signal generated from the 

The several states of the Interrupt 

The Group 
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KBU, KBU2, KBU4, FIG. S: 
signals from the keyboard. 

KBU8, FIG. 15: The Group C output signals from the 
keyboard and in particular the shift key output signal. 

KCLFF, FIG 21. The keyboard clock flip-flop used as a 
modulus 2 binary counter. 

KCLK, F(i) 21: The keyboard synchronized clock signal. 
KF, FG, 37. The output signal from the keyboard-lint 

flip-flop. When this signal is true, the information in the C 
register was received from the input buffer, and when 
false, the information was received from the keyboard 
buffer. 

KSO to KS7, FIG. 19: 
State Machine, 

KSER, FIG, 14: The output signal of the serializer. 
KSF1, KSF2, KSF4, FIG. 20: The state control flip-flops 
of the Keyboard State Machine. 

KSTK6, KSTK67, FIG. 16: The decoded signals in the 
keyboard decoder, of the Group B pulses identifying the 
particular ASCII code stick of FIG. 47. 

Loop Zero, Loop One, Loop Two, FIGS. 8, 9 and 10, 
respectively: The three 66 bits recirculating shift re 
gisters used for information storage within the terminal 
station. 

LOR, FIG. 18: "Loop Zero Read," when true, indicates 
the presence of information in a particular stage of Loop 
Zero. 

LOW: "Loop Zero Write." 
L1R, FIG. 28: "Loop One Read, when true, indicates 

the presence of information in a particular stage of Loop 
One. 

The Group B output 

The several states of the Keyboard 

LW, FIG. 41: "Loop One Write." 
LSB, FIG. 47: Least significant bit. 
LSD, FIG. 47. Least significant digit. 
LSES0, FIG. 36: This signal, when true, controls the 

parity checking logic for the received data. 
MSB, FIG, 47: Most significant bit. 
MSD, FIG, 47: Most significant digit. 
qbl b2, FIG. 4: The clocking signals used to internally shift 

the 66-bit recirculating shift registers. 
ONLU FIG. 40: On line unattended, a mode of operation 
of the terminal station. 

POF, FIG. 18: The control flip-flop signal associated with 
character zero of the keyboard buffer indicating when 
character zero is full. 

P1 F, FIG. 18: The control flip-flop signal associated with 
Character one of the keyboard buffer indicating when 
character one is full. 

P2F, FIG. 18: The control flip-flop signal associated with 
character two of the keyboard buffer indicating when 
character two is full. 

POFF, P1 FF, P2FF, FIG. 18: The control flip-flops as 
sociated with POF, P1 F, and P2F, respectively. 

PERR, FIG. 35: The signal identifying that the received 
character has a parity error. 

PF30T, FIG. 39: Printer timing control clock. 
PMO to PM3, FIG. 41; The several states of the Position 
Code State Machine. 

PMF1, PMF2, FIG. 42: The state control flip-flops of the 
Position Code State Machine. 

POS, FIG. 40: A command signal as used in the overall 
system having the meaning "position' and refers to the 
printing position of the printer. 

POSXT, FIG. 40: A control signal as used in the overall 
system having the meaning 'position execute" and refers 
to the signals stored in the C register. 

PSO, FIG. 43: The control signal identifying that all three 
characters of the keyboard buffer are empty. 

RCADATA, FIG. 30: The data signal identifying informa 
tion received from the runninion linc. 

RCDF, Fi(). 3: Received data flip-flop, This flip-flop ten 
porarily store the RCDATA signals until they are loaded 
into the input buffer. 

() 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4 
RCL1, RCL2, RCL4, RCL8, and RCLA, FIG. 30: Modu 

lus 32 counter for generating the synchronizing clock for 
the Received Data State Machine. 

RCLK, FIG. 28: The receive data synchronizing clock 
signal. 

RPF, FIG. 36: The received parity flip-flop. 
RS) to RSS, FG, 28; he scveral state of the Received 

Data State Machinc, 
RSF, RSF2, RSF4, RSF 8, FIG. 29. The state control flip 

flop of the Received Data State Machine. 
SCL I, SC.2, FIG. 32: Modulus 4 counter for generating 

the sampling clock. 
SCLK, FIG. 28; Sampling clock signal as used in the 

Received Data State Machine. 
SHIFT, FIG. 4: Keyboard control signal for changing the 

output characters of the keyboard from lower case to 
upper case, 

SI, FIG. 14: The command identifying all subsequent 
signals as being in the ASCII code format. 

SKCXT, FIG. 45: The command meaning "skip C ex 
ecute,' 

SMO: The control signal indicating that several particular 
state machines are in state Zero. 

Sd, FIG. 14: The command identifying all subsequent 
signals as being in the Hamming code format. 

SY 40, FIG. 45: A control signal identifying that all printer 
movements have been completed. 

SYM, FG. 45: A control signal identifying that all printer 
functions have been executed. 

T, FIG. 4: The basic timing clock signal of the terminal 
station. 

TBF, FIG. 26: Transmit buffer flip-flop which temporarily 
stores information during transmission on the telephone 
lines. 

TCF, FIG, 31; Timing count pulse flip-flop signal which is 
used in printer timing. 

TCL, TCL2, FIG. 25: Modulus 4 counter for the trans 
mit clock. 

TCLK, FIG. 25: The transmit data synchronizing clock 
signal. 

TEN, FIG. 23: Transmit enable signal to initiate the 
Transmit Data State Machine. 

TPF, FIG. 26: Transmit parity generator flip-flop. 
TS0 to TS7, FIG. 23: The several states of the Transmit 

Data State Machine. 
TSF1, TSF2 and TSF4, FIG. 24: The state control flip 

flops for the Transmit Data State Machine. 
TUF, FG, 38: Timing unit flip-flop signal which is used in 

printer timing. 
WTn, FC. 4: The word unit of data equal to 66 bits; n is a 
number from 0 to 7. 

XFRFF, FIG. 18: The transfer flip-flop which is used as 
temporary storage for data being transferred from 
character to character within the keyboard buffer. 

DETALED DESCRIPTION 

System Description 
Referring to FIG. 1 there is illustrated in diagrammatic form 

an overall system wherein the terminal station of the present 
application is one part, Such a system may be used in applica 
tions such as that of branch banking wherein the central data 
processor 100 is located at the main bank computing center 
and is connected by telephone lines 102 to the terminal sta 
tions 104 located at branch banks. The central data processor 
100 is a computer such as the Burroughs B5500, which is 
capable of receiving information in various forms such as on 
punch paper tape 106, punch card 108, and magnetic tape 
1 10. Connected to the central processor 100 are a plurality of 
central modemn 112 which provide an interface between the 
central processor and the telephone lines 102. At the other 
cnd of thc telephone lints iO2 are terminal modems 114 
which are similar in construction and operation to the central 
modern 12. 
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Each terminal modem 4 is associated with a tine division 
multiplexer 16, hereinafter referred to as a TDM, which has 
the capability to control telephone lines 102 in a full duplex 
mode of operation. 

For purposes of illustration, FIG. represents a system 
utilizing the sccond modem channel. Attached to the TDM 
No. 2, each by a separate telephone line 02, are terminal sta 
tion 104 such as those shown, which are interfaced to the 
telephone lines by line adapters 118. 

in order to effect communication between any one terminal 
station 104 and the central processor 100, the central proces 
sor polls each of the central modems 112 until it receive a 
signal indicating that a particular terminal station 104 is ready 
to go on line. Upon completion of the poll, a particular ter. 
minal station is then operatively connected to the central 
processor 100 for transmission and reception of information. 

Referring to FIG. 2, there is illustrated the terminal station 
104 used in the overall system of FIG. 1. Each terminal station 
has a typewriter keyboard 120 comprising an alpha 122 and a 
numeric 10-key keyboard 124. In a bank operation, for in 
stance, all amount figures and possibly account numbers 
would be entered into the numeric keyboard 124 whereas 
such information as name, address, or other designations 
would be entered into the alpha keyboard 122. To provide ef. 
fective communication between the operator and the terminal 
station 104 a plurality of program select keys 126, PSK, and 
indicator lamps 128 are provided rearward of the keyboard to 
indicate the operating mode of the terminal station. As will be 
hereinafter shown with such a terminal station 104, the opera 
tor will be able to effect data communication with the central 
processor 100 and simultaneously will have a visible printing 
record of the communication. 

In FIG. 3 there is shown a block diagram of the organization 
of the terminal station shown in FIG. 2. The keyboard 120 
comprises both the alpha keyboard 122 and the numeric 
keyboard 124. Information indexed on the keyboard 120 is 
converted directly into ASCII and Hamming codes prior to 
being transferred in parallel to the keyboard decoder 30 for 
conversion from lower case to upper case characters. The 
keyboard decoder 130 has seven parallel outputs which are 
operatively coupled to the serializer 132 wherein the code is 
converted to serial form. The information, now in serial form, 
is stored in the keyboard buffer 134 until it is transmitted. 
The transmit control 136 in combination with the parity 

generator 138 and the transmit buffer 140, operate to convert 
the data from its high frequency representation of 230 kHz. as 
stored in the keyboard buffer 134 to the low telephone trans 
mission frequency of 1 0 Hz. The information in the transmit 
buffer 40 is converted by a data level shifter 142 into the 
voltage levels of transmission which are supplied to the line 
adapter 118. 

Information received from the telephone lines 102 by the 
line adapter 118, is converted by a data level shifter 144 into 
the voltage levels of the terminal station 104 and then is stored 
in the received data flip-flop 146, RCDF. The receive control 
unit 148 synchronizes the output of the RCDF 146 with the 
basic timing of the terminal station 104 and stores the infor 
mation in the input buffer 150. The parity check unit 152 then 
determines the correctness of the information in the input 
buffer 150 and then the signals are serially loaded into the C 
register 154 for processing. If the contents of the C register 
154 represent operational information, the C register 154 is 
decoded by the register decoder 156 and applied in parallel to 
the control matrix 158 for the generation of the appropriate 
operation signal. If the contents of the C register 154 
represent data information which is to be printed out by the 
terminal station 104, the C register 154 is connected in paral 
lel to the printer 160. 

In the system illustrated in FIG. 1, each terminal station 104 
may be operated in one of three modes of operation. The first 
mode is an off-line mode wherein any information entered 
into the keyboard 120 will be printed out by the printer 160 
and not be transmitted. Referring to FIG. 3, the information 
entered by the keyboard 120 in this mode of operation is 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
transferred from the keyboard buffer 134 via conductor 162 
to the C register 154. In the second mode of operation, the ter. 
minal station 104 in connected on line with the central proces 
sor 100 in an unattended mode of operation. In this mode, the 
central processor 100 tran Nimits operational and data informa. 
tion to the terminal station 104 for print out by the printer 160 
and receive back, in ech () fashion, the transmitted informa 
tion from the terminal station. In FIG, 3, this mode of opera 
tion is shown by the connection from the C register 154 via 
conductor 164 to the input of the keyboard buffer 134. In the 
third mode of operation, the terminal station 104 is connected 
in online mode wherein the information is entered into the 
system by the operator at the terminal station, transmitted to 
the central processor 100, and receives data in response 
thereto from the central processor. 
Timing Organization 

General Data 

Referring to FIGS. 5, 6 and 7, there is illustrated in descenJ 
ing order the basic timing organization of the data flow within 
the terminal station 104 of FIG. 3. The basic unit of data is the 
bit 166, which is identified by signal CTn, where 'n' 
represents a number from 0 through 7. A character 168, the 
next order of data, is identified by the sign CHn and is com 
prised of eight bits, with CTO as the least significant bit. The 
subscript "n," in CHn represents a number from 0 through 7. 
The third order of information is the word 170, which is 
characterized by the signal WTn, where n represents a number 
from 0 through 7. A word is comprised of 66 bits: eight 
characters 168 plus two bits, BT64 and BT.65. BT64 and BT.65 
are unique bit positions having several functions and will be 
explained hereinafter. 
A keyboard frame 172 is the highest order of information 

and is comprised of eight words, WTO through WT7. This unit 
is used primarily in the interrogation of the keyboard 120. Par 
ticular bit times in a word are identified by either the label 
Cin CTn or by bit position counting from bit 0. Two such 
times are bit time 58, BT58, and bit time 59, BT59, which cor 
respond to CH7, CT2 and CH7, CT3, respectively. 

Basic Clock Generation 

In the system of FIG. 3, there are four basic clocking pulses 
which are used in the logic elements of the system; namely, 
phase (1) 174 and phase 2 (2) 176, basic timing clock T 
178, and printer timing clock PF30T 180 which is shown in 
FIG. 38. The basic timing clock T 178 has a pulse repetition 
frequency of approximately 232 kHz. and a pulse width of ap 
proximately 0.6 microseconds. This clock 178 is used in 
processing signals in the terminal station. The phase clocks, 81 
and 92, are used in the recirculating shift registers in a manner 
to be hereinafter explained. The signal PF30T 180 is used to 
synchronize the logic signals with the much slower operations 
of the mechanical sections of the terminal station 104. 

All of the previously enumerated clocking signals are 
originated from a crystal oscillator 182 having an oscillation 
frequency of approximately 1900 kHz. 

Referring to FIG. 4, there is schematically illustrated the 
logic modules used to generate the basic clocks and the basic 
data organization signals. 

Phase Clocks, b1 and d2 

As shown in FIG. 4, phase 1, 81 174, and phase 2, b2 176, 
clocks are generated from the crystal oscillator 182. The out 
put of the oscillator 182 is divided by a 3-stage flip-flop 
counter 184 FF1, FF2, and FF4. This divides the frequency of 
the clocks from 1900 kHz. to 232 kHz. The outputs of the flip 
flops are combined in two separate AND gates 186 and 188 to 
provide the phase clocks according to the following equation: 
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blFF-FF21-FF4 

2FFFF2/FF41 

These two clocks 174 and 176 are only used in the recirculat 
ing shift register and an hown in F(i. 12, the clock pulsen ac 
tually used are the inverted phase clocks as generated above. 

Basic Timing Clock, T 
Referring to FIG. 4, the output of the oscillator 182 in di. 

vided by cight in a 3-stage counter 14. The several outputs of 
the counter are decoded in the oscillator decoder 85 into dis 
crete outputs one of which is the basic timing clock, T 78. 
This is the basic timing pulse which has a pulse width frequen 
cy of 928 kHz. and a pulse repetition frequency of approxi 
mately 232 kHz, or one-eighth of the oscillator frequency. As 
illustrated in FIG. 4, all of the basic timing measurements are 
generated from the basic clock signal, T 178. 

This signal, T, is gated via an AND gate 90 into the input of 
a 6-stage ripple counter 192. Each stage of the counter is a JK 
flip-flop 194 connected in the well-known manner for ripple 
counters. Each stage is actuated from the resetting of the 
previous stage and if all six stages were decoded, the counting 
output would be from 0 to 63, 
The 6-stage counter 192 is divided into two sections 196 

and 198; namely, stages 1 to 3 and stages 4 to 6. The first sec 
tion 196 comprising CT1F, CT2F, and CT4F is decoded in a 
binary to octal decoder 200 to provide the discrete bit pulse 
CTO to CTT, 
The second section 198 comprising CH1F, CH2F and 

CH4F is decoded in a similar manner by a binary to octal 
decoder 202 to provide the discrete character pulses CH0 to 
CH7. As previously mentioned, the carry from CT4F is the 
trigger or count signal to the second section 198. 

After the 63rd pulse, both sections of the 6-stage counter 
194 are fully loaded giving a count equal to 63 decimal or 77 
octal and a decoded count of CH7 CT7. The next timing pulse 
T is gated via a second AND gate 204 to set BT64F 206 and 
also via the first AND gate 190 to count the 6-stage counter 
194. After the 64th pulse, the 6-stage counter is equal to 0 or 
CHO CTO and BT64F 206 is true. The next timing pulse resets 
BT64F and sets BT65F 20 true and the counter remains at 
CHO CTO. The 66th timing pulse resets BT65F 208 with CHO 
CTO still remaining true. Thus CHO and CTO have remained 
true for three clock periods. To provide better logic control 
and to give the proper timing value to CH0 and CTO, these 
signals are further decoded so as to appear only at the 
beginning of the operation and every 66th pulse thereafter. 
The following equation defines CHO and CTO which are the 
logic signals used throughout the machine in terms of CH0A 
and CTOA which are three clock periods long: 

CHOsCHOA-BT64Ff-BT65F/ 

CTOsCOA. CHO 

The resetting of BT65F 208 counts a second 3-stage ripple 
counter 210 which counts the third order of information of the 
terminal station 104 which is the word 70. This counter 210 
is a modulus eight counter which is decoded in a third binary 
to octal decoder 212 to provide the eight discrete word pulses 
WTO to WT. 

Printer Timing Clock, PF30T 
The fourth basic clock signal is derived from the continu 

ously rotating shaft 214 in the printing section of the terminal 
sation 104 a ustrated in F.C.. Thc wavefrn of FC 9 
show the timing derivation of ignal PFOT 180 which is one 
hit trine wils. 

in the terminal station (4, the shift 24 which is driven hy 
the terminal station nor 21, rotton at 200 r, p.m., which 
vs N is revoluti in trag if 50 milliont. engra to a lin 

in Nignal from the ha? 24, a lic if corn 28 and is 
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photocell network 218 may be employed a shown in FIG. 38. 
The "dark" portion 220 of the disc is the sector labeled 30T to 
()3T and the "light" portion 222 of the disc is the sector 
labeled ()3T to 30T. The output of the photocell 224 is am 
plified 226 and gated via the two input AND gates 228 to the J 
terminal of a J K flip-flop. 230 T. F. The second input of the 
AND gate 22 is a unique bit time signal, BT59. On the im. 
mediately preceding hit time, '58, the K input in true and the 
T't JF flip-flop. 230 is rene. This is shown in FIG. 39 where the 
ignal TUF 232 is interrupted every 66th pulse. If the output 
of the photocell is "one' which is between 30T and 0.3T, then 
TUF is true except for the time between BT58 and BT59. 
As shown in FIG. 31, the setting conditions for TCF flip-flop 

234 is as follows: 

TCFBT65.TUF 

and the resetting of TCF is as follows: 

Thus, the only difference between TCF and TUF is that TCF is 
a steady signal 236 without any discontinuities. Both flip-flops 
have the same overall time period but are displaced by five 
timing pulse times. 
PF3OT 180 is a signal which is generated at the beginning of 

the “light' sector 222 of the disc 26 or at essentially 30T 
time. The cquation for PF30T is: 

PF3OTs65 TUF TCF/ 

Indicators and Program Keys 
Referring to FIG. 2, there is illustrated directly above the 

numeric keyboard 124, a set of eight program select keys 126 
each having an indicator light 128 above them. 

Depression of any program select key will generate an 8-bit 
ASCII code signal which will be transmitted to the central 
processor 100 and when that signal is received by the central 
processor it will acknowledge receipt by transmitting a signal 
to turn on the indicator lamp associated with the particular 
program select key which is depressed. 
The terminal station 104 of the present embodiment, has 

two program keys and associated indicators which allow and 
acknowledge the change of mode of operation. The following 
chart identifies the three nodes of operation of the terminal 
station in terms of two flip-flops; namely, P2F and IP3F which 
are associated with program select keys 2 and 3. 

Mode: 
On line attended--- - - - - - - - - - - - 
On line unattended-- - - - - - - - - - 
Off line- - - - - - - - - - - - - - - - - - - - - - 

Flip Flop Status 
IP2F1. IP3F, 
IP2F1. IP3F 

IP2F 

The other program select keys may be used for whatever 
function is desired and will vary with each application of the 
terminal station 104. 
Loop Shift Register 

FIGS. 8,9, and 10 238, the organization of each of the three 
recirculation loops 238,240 and 242 used in the terminal sta 
tion 104. Each loop is a dynamic 66-bit shift register wherein 
each stage 244 is serially connected via its input and output to 
the adjacent stages. The 66 stages are further subdivided into 
eight sections or characters CH0 through CH7 of eight stages 
orbits each CT0 through CT7 plus two discrete bits BT64 and 
BT65. 

FIG. 11 depicts the configuration of a typical stage 244 of 
each loop. Each stage is operatively divided into an input sec 
tion and an output section. Information is admitted into the 
input Nection by the phase one clock purel 174 and in trans 
ferred to the output section by the phase two clock pulse, 2 
7. 
in the preferred enhodiment, each stage comprisen is 

MOS insulated gate field effect trian nint of N, (Ji thrush ()f 
his first three trip () 24, (J2 24, all (J () is 
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used in the input section, and the remaining three transistors 
Q4 252, Q5 254, and Q6 256 are used in the output section. 
The first transistor in each section, namely, Qi and Q4, func 
tion as transfer gates, the second transistors in cach section, 
O2 and Q5 function as inverters and the third transistors O3 
and O6 function as the load resistors for each inverter. The 
two capacitors which are illustrated as C1 2.58 and C2 260 
represent the parasitic capacitance of each section and it is 
this capacitance which temporarily stores the information in 
each section, 
The waveform of FIG. 12 shows the relationship between 

the several transistors and the three clocking signals, T, bi and 
(2. The first waveform, T 178, represents the basic clocking 
signal of the terminal station 104 and the next two waveforms 
represent the phase clocks b1 174 and 2 176 which are 
derived there from. The function of b is to transfer informa 
tion into the input section and the function of 2 is to transfer 
information from the input section to the output section. 
The waveform labeled Point A, depicts an information bit as 

it appears at the input A of the input section. Since the logic of 
the terminal station 104 is positive logic, i.e., binary "1" is 
represented by +5 volts and binary '0' is represented by 0 
volts, the information being transferred into the loops must be 
inverted; therefore, the waveform Point A represents a binary 
"." At 1 the input signal is transferred to Point B by driving 
the first transistor Q into conduction. With O1 conducting 
the capacitance Cl is charged through the transistor Q1 to the 
negative potential of the input signal. When C1 becomes 
charged, the inverter transistor Q2 is driven into conduction 
causing Point C to approach ground potential. At the termina 
tion of l, the input transistor Q1 is driven out of conduction 
but the negative charge on C1 keeps Q2 in conduction. Since 
the leakage current in these devices is extremely small, 
transistor Q3 will remain in conduction for a period of time 
much greater than the interval between successive phase 
clocks, 

Phase 2 clock, s2, which controls the output sections of the 
stage, drives the second transfer transistor Q4 into conduction 
to initiate transfer of the input data to the output section. The 
capacitance C2 charges to the ground potential of the signal at 
Point C thereby driving the second inverting transistor Q5 into 
conduction lowering the voltage at Point E to approximately 
ground. At the termination of 2, the transfer transistor Q4 is 
driven out of conduction and the information signal, 
represented by the waveform Point A has thus been trans 
ferred from the input section at Point A by 1 to the output 
section at Point B by d2, which is represented by the 
waveform Point E. 
On Line Unattended 
As previously mentioned under System Description, the ter 

minal station 104 may operate in one of three different modes. 
As identified therein, one of the modes is an on line unat 
tended operation. In this mode, the terminal station 104 is 
under the complete control of the central processor 100. The 
central processor, by appropriate commands, can turn the ter 
minia station motor 215 on or off, cause the terminal station 
104 to print out information or do any other function which 
could be accomplished in either of the other two modes, ex 
cept, of course, entering data into the system via the keyboard 
120. 

Referring to FIG. 3, in the on line unattended mode of 
operation, the data flow is the same as for all other modes with 
the following exceptions. First, the keyboard entry system as 
herein described is not used and second, the contents of the C 
register 154 is transmitted back to the central processor 100 
as indicated by the conductor 164 in FIG.3. 

In FIG. 40, the output of the AND gate 262 labeled ECHO 
BACK is shown in FIG.3 as the conductor 164 to the OR gate 
264 at the input to the keyboard buffer 134. This is also illus 
trated in F.G. 4, 
To insure reliability of remote operation, all signals, which 

may be either data or commands or both, which are received 
by the terminal station 104 from the central processor 100 are 
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10 
"echoed back" to the central processor. In this way the cen 
tral processor 100 can compare the signal which it sent to the 
terminal station with the echoed back signal to determine if 
any error has been introduced in the system. If an error has 
been introduced, the central processor can then initiate the 
desired error correcting sequence. 
To put the terminal station 104 on line in an unattended 

mode, the terminal station must be turned on but the printer 
motor 215 need not be running. In this condition, the terminal 
station 104 is prepared to receive signals from the central 
processor. As previously mentioned, the central processor 100 
can transmit a command to turn the printer motor 215 on. 
Likewise, when the central processor has completed its trans 
mittal of information, it will then turn the printer notor off. 

In FIG. 40, the echo back signal is generated by a four input 
AND gate 262. One input is the output of the C register 154; 
namely, stage COF266. This is a serial output of the C register 
since transmission is in bit serial coded format. The second 
input is ONLU 268, on line unattended signal, which is con 
trolled by a program select key 126 depression by an operator 
and is further indicated on the terminal station by an indicator 
light 128. The third input DS2 is the state machine control. 
This state is true for one word time which is sufficient to 
transfer the contents of the C register 154 to the keyboard 
buffer 134 prior to transmission. The fourth input is the 
character time corresponding to the first section of the 
keyboard buffer 134; namely, CH0, as illustrated in the loop 0 
organization chart of FIG.8. The C register is shifted by gate 
269. 

In order to place the terminal station 104 in the on line 
unattended mode of operation, the operator transfers the 
ONLU program select key which is positioned above the 
keyboard 120 as shown in FIG. 2 to the on position. The 
transfer of this key turns on an indicator lamp and also sets a 
control flip-flop IP3F true. To be unattended, the operator 
transfers the type program select key to the off position which 
controls another control flip-flop IP2F. Thus the signal ONLU 
260 is generated according to the following equation: 

Once the above conditions are set, the terminal station 104 
is under the complete control of the central processor 100. If 
the operator decides to regain control she must proceed 
through an interrupt program which basically requests the 
central processor to relinquish its control over to the operator. 

Decode State Machine 
The Decode State Machine is the main control state 

machine for the terminal station 104. The several other state 
machines take their control from particular states of this state 
machine. 
The Decode State Machine is controlled by three flip-flops 

which are DSF1, DSF2 and DSF4. The outputs of these three 
flip-flops are gated together to provide several discrete 
decimal values from 0 to 7 which determine the particular 
state of the state machine diagram of FIG. 45. The functions 
of the several states are enumerated in the table below with 
the status of the three flip-flops as shown in the Karnaugh map 
of FG. 46. 

Flip 
Flop 

Status Function 

000 Initial State. 
001 Wait for PF30T to executive code in C regis 

ter. 
010 Prepare for C register execute. 
011 Load C register. 
100 Execute Printer Operations. 
01. Not used, 
110 Execute code in C register, 
111 C register parity check, 

In FEG. 45 upon applying power to the terminal station, the 
initializing routine sets the state machine to state zero as 
identified by DSO 270. The state machine remains in DS0 until 
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data is available either in the input buffer 150 or in the 
keyboard buffer 34 for processing. If the data to be 
processed is coming from the input buffer 150, the state 
machine will progress from DSO 270 to DS7 272 according to 
the following equation: 

DSLOR BT.64 WT3 

As shown in FIG. 8, bit 64 of loop zero 238 will have a binary 
bit if there is information in the input buffer 150. Thus, dur 

ing word time 3, if loop zero is read at BT64 and a binary 1 bit 
is present, the Decode State Machine will progress to DS7 
272. During the time that the state machine is in DS7 a parity 
check is performed on the data which is in the input buffer 
150. The parity check routine is hereinafter discussed with the 
received data parity check section in conjunction with FIG. 
35. If a parity error is found, a signal PERR 274 is generated 
indicating that there is a parity error in the input buffer 150 
and the Decode State Machine is returned to OSO 270. If there 
is no parity error, the state machine progresses to DS3276. 
As shown on the above able, the function of state DS3 is to 

load the C register 154. As shown in FIG. 3, the C register 154 
is loaded from either the input buffer 50 or from the 
keyboard buffer 34. As previously stated, prior to processing 
the data from the input buffer, a parity check is performed in 
DST 272; but, if the information to be loaded into the C re 
gister is in the keyboard buffer 134, no parity check is per 
formed. In this case, the state machine progresses from DSO 
270 to DS3 276 according to the following equation: 

where S0 indicates the initial state of the Interrupt State 
Machine, P2F indicates that the load of the terminal station 
104 is off line, and P2F indicates that there is data in CH2 of 
the keyboard buffer 134. When the above conditions are met, 
the state machine will progress to DS3 at BT64. An additional 
condition for changing from state DSO or DS7 to DS3 is WT7. 
The combination of WTT and BT65 will cause DS3 to begin at 
WTO, CHO, and CTO. 
The state machine remains in DS3 276 until the end of CHS 

or for six character times. During character time two, CH2, 
the information from the keyboard buffer 34 is loaded into 
the C register 154. During character time three, CH3, the in 
formation from the input buffer 50 is loaded into the C re 
gister 154. The controlling flip-flop for loading the C register 
in the above operations is the KFF or keyboard flip-flop. 278. 
As shown in FIG. 37, this flip-flop is set depending upon 
whether information is in the input buffer 150 or not. The 
signal which causes the state machine to progress from DS0 to 
DS7 resets the keyboard flip-flop 278 indicating that the C re 
gister is to be loaded from the input buffer 150 during CH3 
time; the signal which causes the state machine to progress 
from DSO to DS3 sets the keyboard flip-flop 278 indicating 
that the C register is to be loaded from the keyboard buffer 
134. At time CH5 CT7 the state machine progresses from DS3 
to DS2. 
As mentioned in the above table, during DS2 280 time 

several circuits and functions within the terminal station 04 
are being prepared according to various commands received 
by the terminal station. The state machine remains in DS2 for 
one word time or until CH5, in WT1. Depending upon where 
the information in the C register 154 originated and also de 
pending upon the type of information in the C register the 
state machine will progress from DS2 280 to either DSO 270, 
DS. 282, or DS6 284. If the information in the C register is 
decoded as SKCXT, which is skip C execute, the machine will 
return to DSO at CTO time. If the information originated in the 
keyboard buffer 134, the state machine will progress to DSl 
282 at CT7 time. If the information originated in the input 
buffer 150, the state machine will progress to DS6284 at CT7 
time. 
The next three states DS1 2.82, DS6 284, and DS4286 con 

trol the execution of the information within the C register, 
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State DS 282 is a synchronizing state which synchronizes the 
Decode State Machine with the printer 160 operation. As in 
dicated in the able above, and as shown in FG, 45, we will 
remain in DSi until the printer timing signal PF30T 180 is 
generated. However, if during the time we are in DS1, infor 
mation is being processed by the Receive Data State Machine, 
and if that machine is in states 4, 8, or 12, the Decode State 
Machine will return to DSO 270. During DS6 the information 
in the C register is executed. If the command relates to a 
printer operation, a signal SYM is generated which will cause 
the state machine to go to state DS4. If the information does 
not relate to a printer operation, the state machine will return 
to DS0. The timing signal for either operation is WTT and 
BT65. The state machine remains in DS4 until a signal is 
received from the printer 60 indicating that the operation is 
complete. This signal, SY40, then causes the state machine to 
return to DS0, The signal SY40 indicates that the printer 160 
has finished its movement and any shifting of the ribbon from 
either red to black or black to red has been completed. As 
previously mentioned, the Decode State Machine is the funda 
mental state machine within the terminal station 104 and from 
it several other state machines receive their timing. 
Keyboard Input 
As illustrated in F.G. 2, the terminal station which may be 

used in the overall system of FIG. , has a keyboard 120 for 
the manual entry of information into the system. The 
keyboard is comprised of two main sections, namely, an alpha 
section 22 and a numeric section 124 each having in addi 
tion to keys normally associated with each section, several 
operational keys. Three operational keys which are of particu 
lar importance are identified as SO 288, Sl. 290, and SHIFT 
2.92. 

In the preferred embodiment, the keyboard mechanism is 
comprised of seven code slides which collectively cooperate 
to generate a positionably coded 7-bit code for each key, a 
shift slide, and a self-generated strobing signal. The alpha 
keyboard 122 has the general appearance and operation 
similar to that of a standard typewriter keyboard in that each 
key has two distinct output values. The first value, which is the 
normal output, is a lower case letter or symbol and the second 
value is an upper case letter or symbol. in order to change the 
output from the normal lower case to the upper case output, 
the SHIFT key 292 must be simultaneously depressed with the 
desired information key, in the standard ASCII code, this key 
changes the bit configuration of the bits 4 through 6 or the 
Group B bits 294 of FEG, 13. 
The SO 288, shift out, and S 290, shift in, keys are 

depressed when the operator desires to go from one keyboard 
such as the alpha keyboard 122 to the second keyboard or the 
numeric keyboard 124. Since, as illustrated in FIG. 3, and 
FIG. 47, the codal representation of some letters such as a 
'C' and numbers such as a '3' are identical, some further 
identification must be made in the system to separate the nu 
meric from the alpha. In the present embodiment, this is ac 
complished by the depression of either the SO and Skeys 288 
or 290. 

Referring to FIG. 47, there is illustrated in chart form the 
codal relationship between alpha and numeric characters of 
the standard 7-bit ASCII code and the numeric characters of 
the Hamming code. Alpha and numeric characters which are 
generated by depression of the keys in the standard alpha or 
typewriter keyboard, are generally used in transactions 
wherein an improper character is easily identified or basically 
not harmful as far as the data is concerned; hence, only a full 
character parity check is made with the resulting parity bit 
positioned in Group C 296 as illustrated in FIG. 13. In the 
ASCII code, all of the bits in Group A 298 and Group B 294, 
which are seven in number, are used as binary information 
bits. The Group C 296 bit from the keyboard 120 is the codal 
representation of the shift key 292. This bit is later replaced, 
as will be shown in the Transmitted State Machine, with the 
above mentioned parity bit. 
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If the indexed character is from the numeric keyboard 124, 
the codal representation is also seven bits, but as illustrated in 
FiG 13, the Group A 298 bits, which in this embodiment are 
four in number, are the information bits and the Group B 294 
bits, which are three bits, are the group parity bits. This codal 
representation is referred to as the Hamming code. In the 
Hamming code, the fourth, fifth and sixth bits are even parity 
bits for particular combinations of the information bits zero 
through three according to the following table: 

Infortunation Group Parity Character 
Bits ts Bits 

Group A Group B Group C 

O 1 2 3 A S 6 
... XXX X - - - - - - - - - - - - - - - - 
X- XX -- X - - - - - - - - - - - - - - 
XX . X - - - - - X 
X X X -- - X ------------ 

In the Hamming code as used herein, the Group C 296 bit, is 
both the group parity bit and the character parity bit. 
The SI key 290 generates a 7-bit code, in the same manner 

as any other key on the keyboard. The only difference is that 
this code indicates to the central processor 100 that all sub 
sequent codes are in the ASCII format. The SO key 288 
likewise generates a 7-bit code but to the central processor 
100 this code indicates that all subsequent codes are in 
Hamming code. 
When any key in either keyboard 122 or 124 is depressed, 

the action of the seven code slides is indicated by a series of 
seven transducers 300, one for each slide, which provide 
either one of two outputs which are further decoded in the 
familiar '1' or "0" binary output. In order to determine when 
a particular key is ready to be read out of the keyboard 120, a 
keyboard strobing signal KBST 302 is generated to provide a 
signal at a time when all the seven slides in the keyboard are 
fully actuated. This signal, KBST 302, provides a mask for the 
proper and safe interrogation of the several transducers. 
The information from the keyboard 120 is then decoded 

and if the shift key 292 was depressed, the information from 
the keyboard is altered as previously explained. At this point 
in the data flow, the information is being processed in bit 
parallel form but in order to communicate with the central 
processor 100, the information must be in bit serial form. 
Therefore, the information from the decoder 130 logic is 
transferred to a serializer 132 where it is changed from bit 
parallel to bit serial flow. The output of the serializer, KSER 
304, is then fed via a special control member, KBDFF 306, 
into the keyboard buffer 134 which is identified as loop 0, 
character 0 under control of the Keyboard State Machine. 

Referring in detail to FIGS. 14, 15, 16 and 17, the logic dia 
grams for the transfer of information from the keyboard 120 
to the keyboard buffer 134 are shown. FIG. 18 illustrates the 
logic necessary for the transfer control 308 which is illustrated 
in diagrammatic form in FIG. 14. 
For the purpose of illustration, the logic will be described 

for the transmission of an upper case "C." For the purpose of 
the keyboard to keyboard buffer system, the type of code used 
is immaterial as the selection of either the SO 288 or S 290 
keys will identify the code being used to the central processor 
00. 
In FIG. 15, the binary output of keyboard is indicated on the 

lines KBL1, KBL2, KBL4, KBL8, KBU, KBU2, KBU4 and 
KBU8 for upper case "C." This code may be replaced with 
any appropriate code from the chart of FIG. 47. As shown in 
FIG. 22, a short time after the keys are depressed, the trans 
ducer outputs 310 are available. The keyboard strobe signal 
KBST 302 is generated. The Group A, B, and C pulses are sup 
plied in bit parallel form to the input of the decoder 130 which 
is illustrated in FIG. 16. The decoder 30 is used in combina 
tion with the shift key 292 to indicate upper case. If the shift 
key was not depressed, the keyboard outputs would be sup 
plied directly to the serializer 130 through the OR gates 312a 
through 31.2f of FIG. 17. 
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Referring to FIG. 16, the codes of Groups A, B, and C are 

decoded in such a manner that on the signals KSTK6314 and 
KSTK67 316 are true for the above illustration. With these 
signals applied to the first vertical row 318 of AND gates from 
the left in FIG. 17, the lower AND gate 320 has a true output 
since KSTK67316 and KBU8 are true; therefore, the output is 
also true. This output is supplied to the OR gate 324 and then 
inverted to supply a low signal at the AND gate 326 in the out 
put section of the decoder 130 in FIG. 17. The other gates 312 
in this vertical row will have an output which is characteristic 
of the keyboard output signals from FIG. 15. 

In the serializer 132 shown in FIG. 17, the various AND 
gates 328a through 328g will provide an output according to 
the particular time of the gating signals WT7, WTO, WT1, 
WT2, WT3, WT4, and WT5. The serializer output KSER 304 
is supplied to the keyboard buffer flip-flop 306 as shown in 
FIG. 14 which controls the transferring of information from 
the keyboard 120 to the keyboard buffer 134. 

lnformation is loaded into the keyboard buffer 134 in 
character zero, CHO 328, and is removed therefrom from 
character two, CH2 330. Thus the keyboard buffer 134 must 
transfer the information from CH0328 to CH1 332 and then 
to CH2330. This allows first-in, first-out type of data transfer 
and also provides a buffer for the synchronizing of the speed 
of data handled by the terminal station 104 with the speed of 
data transmission which is slower. The transferring or shifting 
of information within the keyboard buffer 134 is controlled by 
the transfer control section 308 illustrated in FIG. 14 and 
shown in FIG. 18. The control comprises three flip-flops POFF 
334, P1 FF 336 and P2FF338 which are identified as presence 
bit flip-flops. There is one flip-flop associated with each 
character of the keyboard buffer 134 and when that character 
is fully loaded, the corresponding flip-flop is set true. An addi 
tional flip-flop, the transfer flip-flop, XFRFF 340, is used as a 
one bit storage for the transferring of data from one character 
to the next. 

As previously mentioned, the keyboard buffer 134 is a part 
of a 66-bit recirculating shift register. The shift register, since 
it is a recirculating device, has a single input and a single out 
put. When the data in the keyboard buffer 134 must be shifted 
from stage 1 to stage 9 for instance, the output of stage 1 is 
read into the XFRFF 340 and stored until stage 9 has been ef 
fectively positioned at the input. At that time, the output of 
the XFRFF 340 is read into stage 9. To accomplish this opera 
tion, of the XFRFF 340 is read into stage 9. To accomplish 
this operation, the logic of FIG. 18 is used. When the informa 
tion from the keyboard 120 has been fully loaded into CHO 
328, the presence bit flip-flop POF 334 is set via an AND gate 
342 as shown in FIG. 18. If the next character CH 1332 is full 
and CH2 330 is empty, three other AND gates 343, 344 and 
346 in XFRFF control circuit will transfer the contents of 
CH1 to CH2 via XFRFF 340. 

The information to be transferred is stored in XFRFF 340 
for one word time plus one bit time as controlled by the FND 
bit 344 signal. The actual useful time is one character time 
since the keyboard buffer 134 effectively moves in the 
direction of the arrow 347 shown in FIG. 14. 

The actual control of the transfer of information from the 
keyboard 120 to the keyboard buffer 134 is under the 
Keyboard State Machine which is diagrammatically shown in 
F.G. 19. 
Keyboard State Machine 

In FIG. 19, the state diagram for the transmission of infor 
mation from the keyboard 120 to the keyboard buffer 134 is 
illustrated. The state machine is comprised of eight states 
which are identified by the status of three flip-flops, KSF1, 
KSF2, and KSF4. When power is applied to the terminal sta 
tion 104, the initialized state KSO 348 is on and states KS 
through KS7 are off. The function of the several states are 
enumerated in the table below along with the status of the 
three flip-flops as shown in the Karnaugh map of FIG. 20. 
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State Status Fuction 

RS?. 00. Initia State, 
ESl i? 4.5 s. v. 
ES OO CHIO 
KS3. First delay after strobe. 
KS... . . . 100 Delay until WTO. 
RS5 10. Write Presence bit. 
KS6- . . . 10 at for end of strobe. 
KS... . . . 11. Not used. 

Referring to the timing diagram of FIG. 22, the timing rela 
tionship between the several states of the Keyboard State 
Machine and the action of the keyboard 120 is plotted. The 
timing diagram is entered by the depression of a key from 
either keyboard 122 or 124. For the purpose of illustration, 
the depression is represented by a pulse 350 on FIG. 22. After 
a predetermined period of time, the key which has been 
depressed actuates a predetermined number of keyboard 
coded output slides. In the present embodiment there are 
seven slides which correspond to the 7-bit ASCII code as 
shown in FIG. 47. In order to insure an accurate read out from 
the transducers and to avoid any jitter, a keyboard strobing 
signal KBST 302 is generated to mask the transducer outputs 
310. This window provides a stable time to sample each trans 
ducer. in the preferred embodiment, the transducers are mag 
netic cores and the window occurs after all switching 
transients have diminished. 

Referring to the state diagram of FIG. 19, the indexing of 
the keyboard has occurred during KSO 348. When the 
keyboard strobing signal is true, the state machine progresses 
to KS4352 on the first BT59 pulse which occurs. 
The state machine remains in KS4 352 for the purpose of 

synchronizing the keyboard outputs with the basic timing of 
the terminal station 104. The signal to change from KS4352 
to KS2 354 is WT7BT65 which will then place the beginning 
of KS2 coincident with WTO, CHO, CTO. With this 
synchronized beginning, it is easy to interrogate the transdu 
cers for each bit starting with the least significant bit 356 as 
shown in FIG. 47. The signal which is used to accomplish this 
task is shown generated in FIG. 18, and is FND BIT 344. The 
equation for the signal is as follows: 

FND BIT=WTOCTO-WT ---WT, CT 

where re-O to 7, 
Thus, for eight bit times in each word, the keyboard 120 may 
be searched. As shown in FEG, 14, this signal FND BIT 344 is 
gated via AND gate 358 with KS2 and CH0 to cause the out 
put of KBDFF 306 to be read into the keyboard buffer 134. 
Therefore, when FND BIT is gated with CHO, only once each 
word is the keyboard buffer loaded with a bit from the 
keyboard. To further select which particular bit is to be 
generated from a particular transducer, the signal KSER 304 
is generated at the outputs of one of seven AND gates 328a 
through 328g in FIG. 17 by WT1, WT2, etc. 

After the last bit is decoded from the keyboard, the state 
machine progresses to KS5 360 at WT7-BT65. This state 
remains for only one clock time. During this state the presence 
bit flip-flop. 334, POFF, is set indicating that the first character 
328 of the keyboard buffer 134 is loaded. 
The next state is KS6 362 which is another synchronizing 

state to allowing the signal KBST 302 to decay. The state 
machine remains in KS6 3.62 until the following signal sets 
state KS3 364: 

States KS3 364 and the succeeding state KS1 366 provide a 
time delay in excess of 4.55 milliseconds. This is assured by 
the generation of a special keyboard clock KCLK 368 as 
shown in FIG. 21. The equation for the clock is as follows: 

KCK-KCLFF. WTO CHO,-CO 

where KCLFF 370 is a nodulus two binary counter counting 
WT7 pulses. Since one keyboard frame 172 equals eight 
words, the time between successive WTT's is 2.27 mil 
liseconds. 
The state machine remains in KS3 364 until KCLK 368 

when the machine progresses to KS1 366. The time the 
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machine remains in KS3 varies but the state machine will 
remain in KS1 for the full 4.55 milliseconds as shown in FIG. 
9. 
On the next KCLK the state machine returns to KSO to 

await the next keyboard operation. 
The reason for the delay caused by states KS3 and KS is 

due to the use of magnetic core switching in the generation of 
KBST. After the time generated in KS3 and KS, the magnetic 
cores have settled down and no false outputs will be 
generated. 
Transmitted Data State Machine 
When the terminal station 104 is operating on line, the in 

formation generated within the terminal station must by 
synchronized with the transmission frequency. This is accom 
plished in the Transmitted Data State Machine. 

In FIG. 23 the state diagram for the transmission of data 
from the terminal station 104 to the central processor 100 is ill 
lustrated. The state machine is comprised of 8 states which are 
identified by the status of three flip-flops, TSF1, TSF2, TSF4. 
When power is applied to the terminal station, the initialized 
state, TS0 is on and states TS1 through TS7 are off. The func 
tions of the several states are enunerated in the table below 
along with the status of the four flip-flops as shown in the Kar 
naugh map of FIG. 24. 

Flip flop 
status 

OO) 
OO 
OO 
O 
100 
10 
O 

11 

Fiction 

Initial State. 
Read CH2 Loop 0. 
Begin. 2nd StopBit. 
CH2 Loop. 0 is a '''. 
3. 1st Stop Bit. 
CH2 Loop. 0 is a '0'. 
End of Oata. 
Process Data. 

When the terminal station 104 is ready for transmission, a 
transmit enable signal, TEN, is generated and the information 
in the keyboard buffer 134, CH2 330, will be transmitted over 
the telephone lines 102 to the central processor 100. Refer 
ring to the timing waveforms of FIG. 27, there is illustrated the 
relationship between the several states. As hereinbefore men 
tioned, the frequency of the terminal station is 232 HKz. while 
the frequency of transmission is 120 Hz.; therefore, a special 
transmission clock, TCLK 372 must be generated which will 
synchronize the information in the terminal station with the 
transmission frequency. 

FIG. 25 illustrates the combination of the logical elements 
used to generate TCLK 372 as defined by the following equa 
tion: 

TCLK=TCL 1-TCL2-WTO-CTO The two flip-flops, TCL1374 
and TCL2376, are connected as a standard ripple counter of 
modulus 4. The counting signal for the counter is the end of 
WT7 which occurs every 2.27 milliseconds; therefore, the 

period between each TCLK 372 is 9.09 milliseconds which is 
equivalent to 110 Baud. WTO, CHO, and CTO are present in 
the equation to control the pulse width of TCLK 372 to 4.30 

microseconds. 

On the first TCLK after the transmit enable signal becomes 
true, the state machine progresses from TS0 378 to TS 380. 
Simultaneously, on this TCLK pulse the transmit buffer 140, 
TBF, is reset to generate the start bit 382. Initially and at the 
end of each transmitted character, the status of TBF 140 is 
true which is equivalent to "mark." 
The state machine remains in TS 1 380 for a period of time 

sufficient to read the correct data bit for transmission from the 
keyboard buffer 134. Data transmission being in bit serial 
form, a transmission bit pointer 384 is used to indicate which 
bit is to be transmitted. The transmission bit pointer 384 is 
located in loop 1 CH2 and the point is a '1' bit which is 
shifted from bit position CT0 to CTT as each data bit is trans 
mitted. 
The state machine remains in TS 1 380 until loop 0, CH2 the 

output character of the keyboard buffer 134, is read. If the 
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output of loop 0 is true, the machine progresses to TS3 386, 
and if the output loop is false, the machine progresses to TS5 
388. At the time the machine changes states from TS1 the 
present bit pointer is written into loop 1. In this instance, the 
bit pointer is written into loop 1 in this instance, the bit 
pointer is written into bit position 0 of character 2, loop l. 
The state inachine remains in either TS3 or TS5 until the 

next TCLK pulse when the data bit is transferred to TBF 140 
according to the state machine which is illustrated in FIG. 26. 
All data 1 pulses are also counted in a modulus 2 counter, TPF 
390 of the parity generator 138, to determine parity. 
The state machine remains in the next state, TS7392, until 

the bit pointer is read from loop 1. When the bit pointer is 
read and the machine returns to TS 1 380 and the present bit 
pointer is reset. 

If at the time of reading the bit pointer in TS7 the bit 
counter is at CT6, the state machine does not return to TSl 
but progresses to TS6 394. This indicates that the first seven 
data bits of the character in CH2 loop. 0 have been transmitted 
and the parity bit must now be added in the eighth bit position. 
On the next TCLK pulse the output of TPF 390 is transferred 
to TBF 140 for transmission and the state machine progresses 
to TS4 396. 
The next two states, TS4396 and TS2398, transmit the first 

and second stop bits for each character. Since the stop bit is a 
mark signal, TBF 140 is set true in TS4396 and is not changed 
in TS2 398. The state machine remains in TS4 396 for one 
TCLK 372 pulse period and then remains in TS2 for the next 
succeeding TCLK pulse period. After TS2, the state machine 
returns to TSO 370 for the start of transmission of the next 
character. 
When the character to be transmitted has been renoved 

from the output character of the keyboard buffer 134 and the 
state machine progresses from TS6 to TS4, the keyboard 
presence flip-flop, P2F 338, is reset. The resetting of this flip 
flop indicates that the output character 330 of keyboard 
buffer has been transmitted and the next character should be 
transferred into that character position. When P2F 338 is 
again true with the state machine in TS0, the transmission 
state machine will again begin the transmission of data to the 
central processor 100. 

It is to be noted that while the output character 330 of the 
keyboard buffer is comprised of eight bits, only the first seven 
bits are used in transmission. The eighth bit is the Group C 
296 or parity bit which is generated simultaneously as the 
character is transmitted and is inserted as the eighth data bit of 
transmission. 

In summary, assuming the TCLK pulse which changes the 
state machine from TS0 to TSI is the first TCLK pulse, then 
the following table will define the generation of a character 
with reference to TCLK and show the state of the state 
machine. 

TCLK Pulse 
Naber State Transmitted Data 

- - - - - - - - - - - - - - - - - TSO Start Bit. 
2- - - - - - - - - - - - - - - - - TS1, TS3--TS5, TS7 1st bit of data or least 

significant bit. 
3---------------- TS1, TS3--TS5, TS Next succeeding data bits in 

ascending bit walue. 
8-- - - - - - - - - - - - - - - - TS1, TS3--TS5, TS7 7th bit of data or most significant bit. 
9- - - - - - - - - - - - - - - - - TS6 Parity bit. 
10. -- TS4 1st stop blt (mark). 
1l----. -- TS2---------...--------. 2nd SR bit (mark). 
12- - - - - - - - - - - - - - - - TSO Start bit. 

Received Data State Machine 
In the block diagram of FIG. 3 line adapter 118 is shown 

connected to the incorning telephone lines 102 to receive in 
formation from the central processor 100. The line adapter 
118 demodulates the signal level from the telephone hines 102 
from +80 volts to ité volts. The received data signals are 
further demodulated in the data level shifter 144 to the signal 
levels of the terminal station 104 which are 5 to 0 volts. Dur 
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18 
ing the time that information is not being transmitted, the 
signal level of the telephone lines 102 is at --80 volts or “. 
mark." Likewise, at this time the output of the data level 
shifter 144 is +5 volts. 
The Received Data State Machine is controlled by the con 

dition of four flip-flops; namely, RSF1, RSF2, RSF4 and 
RSF8. The outputs of these flip-flops are gated to provide the 
several discrete decimal values from 0 to 15 which determine 
the particular state of the Received Data State Machine. The 
function of the several states are enumerated in the table 
below along with the status of the four flip-flops as shown in 
the Karnaugh map of FIG. 29. 

Filip flop 
State status Function 

RS0------. 0000 Ital state, 
RS.--...- 000 1st 36 ns delay. 
RS2------. 0010 36 ms delay. 
RS3 001 Do. 
RS4 01.00 End of character. 
RS5 010 Not used. 
RS6 - - 01.10 Wait for start bit. 
RS.----- 011 Not used. 
RS8-----...- 1000 First stop bit. 
R99------. 100. Not used. 
RS10 1010 Process data. 
RS11 1011 Sample data. 
RS12. 1100 Second stop bit. 
RS13 10 Not used. 
RS14. 110 Start bit received. 
RS15.--- 111 Sanping timing. 

When the terminal station is connected on line, the 
Received Data State Machine must determine the beginning 
of data reception. This is accomplished in states RS1 400, RS3 
402, and RS2404, as shown in the state diagram of FIG. 28. 
As previously mentioned, the level of the telephone lines 102 
during the period of no data is at the "mark' level and the out 
put of the data level shifter 144 is +5 v. This output is applied 
to the received data flip-flop RCDF 146, setting the output of 
this flip-flop "true, or at +5 v. as shown in FIG. 30. 
A transmission frequency of 10 bauds results in a transmis 

sion time of 100 milliseconds for one character of informa 
tion. In order to determine the start character, the state 
machine deter Ilines that the state of RCDF 46 remains true 
for a period greater than 100 milliseconds. In the state dia 
gram of FIG. 28, this is accomplished by utilizing the time 
periods generated by the sampling signal clock 406 as defined 
by the following equation: 

SCLK=SCL1 SCL2-WTO CO'CTO 

Referring to FIG. 32, there is illustrated the logic elements 
necessary to generate the sampling signal clock, SCLK 406. 
The two flip-flops SCL 1408 and SCL2410 comprise a modu 
lus four counter to generate a SCLK signal every fourth WT7 
time. Therefore, the output status of RCDF 146 is sampled 
every 36 milliseconds by SCLK 406. 

In FIG. 28, upon applying power to the terminal station, the 
initializing routine sets the state machine to state zero, as 
identified by RSO 412. During the next three states, the state 
machine tests the output of the RCDF 146 to insure a valid 
start signal is being received. The state machine progresses 
from RS0 to RS during the first sampling time of the RCDF. 
While in RS1, if RCDF is reset, the state machine will return 
to RSO. The state machine remains in RS1 for a period of 36 
milliseconds, as determined by the frequency of the sampling 
clocking pulse SCLK. It then progresses to RS3 for an addi 
tional 36 milliseconds, and then to RS2. Also while in RS3 or 
RS2, if RCDF is reset, the state machine will return to RS0. If 
RCDF 146 remains true during this period, which is greater 
than approximately 108 milliseconds, SCLK 406 will clock the 
state machine to RS6 413. The function of the three previ 
ously mentioned states is to synchronize the terminal station 
104 with the signal received from the telephone lines 102. 
The terminal station 104 will remain in RS6, fully 

synchronized with the line, until the start bit 414, which is a 
negative going signal from "mark' level to "space' level, as il 
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lustrated in FIG. 4, is received from the line and RCDF goes 
false, as illustrated in FG. 34; and the terminal station 
progresses from RS6 413 to RS4 416. if, while the terminal 
station is in RS4, RCDF 146 goes true, this is considered a 
bad start condition and an error condition and the state 
machine will return to RSO 42. 

In RS1446, the logic of the terminal station is conditioned 
to generate a bit pointer signal which will be used in a suc 
ceeding state, RS 1 418, for synchronizing the incoming data 
with its correct bit value. The received bit pointer 420 is 
stored in loop , character 3 of the recirculating shift register; 
and the received data is stored in the input buffer 150 in loop 
0, character 3, as indicated in FGS. 8 and 9. With the bit 
pointer in CT0, the incoming data bit will be inserted in CTO 
of the input buffer likewise with the bit pointer in CT1, the in 
coming data bit will be inserted in CT of the input buffer, and 
so on as the receive bit pointer is progressively moved from 
CT0 to CTT. During RS14 416, positions CT1 to CT? of the 
received bit pointer character are initially cleared. 

Simultaneously upon progressing into RS4, which is ac 
complished by setting RSF8 421, the generation of the 
received data clock signal, RCLK 422, begins to synchronize 
the frequency of the received data with the frequency of the 
terminal station. FIG. 33 illustrates the combination of the 
logical elements used to generate RCLK 422, as defined by 
the following equation: 

Five flip-flops RCLK to RCLA 424 through 428, are con 
nected as a standard ripple counter of modulus 32. In order to 
have the first RCLK 422 pulse generated between the start 
pulse and the beginning of the first data pulse, the false output 
of RCLA 428 is used. The counting signal for the counter is 
basically BT65, which occurs every 283 nicroseconds; there 
fore, the first RCLK 422 pulse occurs 4.37 milliseconds after 
the start pulse 414, since the counter portion of the above 
equation is true on the fifteenth BT65 pulse and CH2 and CT7 
occurs 3 bit times later, or CT7. Hereinafter, the counter 
portion of the equation will be true every 32nd BT65 pulse; 
and the time between successive pulses is 9.09 milliseconds. 
When the first RCLK pulse 422 is generated, the state 

machine progresses from RSl4 416 to RS 15 430, where it 
remains until the next RCLK pulse which occurs at the middle 
of the first data position. On this pulse, the state machine 
progresses to RS 1 418. 

In RS1 418, the received bit pointer position 420 in 
character 3 of loop l is searched; and, upon receiving the 
signal therefrom, the machine progresses to RSiO432. During 
this switching time, the bit value of the input character is 
loaded into the input buffer 150, which is character position 3 
of loop 0. If RCDF 146 is false at this time, a 'O' will be 
loaded into loop. 0 character 3; and, conversely, if RCDF 146 
is true, a '1' will be loaded. Since this is the first pulse, the 
state machine leaves RS11 418 at CTO and progresses as to 
RSO 432 at CTI. While in RS10 the new received bit pointer 
is entered into loop 1, character 3. The state machine then 
returns to RS 5 430 and waits for the next RCLK 422. 

After loading the eighth bit of received information into the 
input buffer 150 in RS11 418 and the state machine 
progresses to RS10, the bit counter is at CTO and the state 
machine does not return to RS15 but progresses to RS8434. 
During RS8 the state machine tests the character of the stop 
bit part of the message. The stop bit is a mark signal, and 
therefore, the status of the RCDF flip-flop 146 must be true. 
The RCDF flip-flop is sampled at the next succeeding RCLK 
pulse; and if the flip-flop is still true, the state machine 
progresses to RS12 436, indicating that the first stop bit is at 
mark. If RCDF is false, the state machine returns to RSO 412, 
indicating that the first stop pulse is bad and that the terminai 
station 104 must be resynchronized with the line. 
With the first stop bit at mark, the state machine progresses 

to RS12, where the same test is performed on the second stop 
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20 
bit. If, during the next RCLK, the second stop bit is at mark, 
the state machine progresses to RS4 438. If the second stop bit 
is at space. RCDF is false; and the state machine is returned to 
RSO to resynchronize the terminal station with the line. Since, 
by the logic equation, the RCLK pulse always occurs at 
character 2, bit 7, CH2CT7, which is the 31st pulse, the state 
machine remains in RS4 until bit time 64, when we set the 
received data presence bit 440 in loop 0, bit position 64. The 
state machine is then returned to RS6 413, ready for the next 
start bit. The received data presence bit 440 will be used to 
transfer the information from the input buffer 150 into the C 
register 154 for additional processing. 
Received Data Parity Check 

After the input buffer 150 is loaded with a character of in 
formation and the received data presence bit 440 is written in 
BT64 of loop 0, the contents of the input buffer 150 may be an 
alpha character which is encoded in the 7-bit ASCII code or 
the character may be a numeric character which is encoded in 
an 8-bit modified Hamming code. The 8-bit modified 
Hamming code contains four information bits or Group B bits 
294 and Group C bits 296 which when taken in a predeter 
mined combination can determine with a high degree of accu 
racy the correctness of a numeric character. The table below 
illustrates the four combinations of information bits and group 
parity bits which are checked in each Hamming character: 

Character 
Information Bits Group Parity Bits Blts 

Group A Group B Group C 

CT3 CT2 CT CT CT5 CTA CT 
X X X - - - - - - - - - - - - - - - - - - - - - - - - - X -- - - - - - - - - - - 
X X - - - - - - - - - - - - - - - - - 
X - - - - - - - - - X K 
r s - w w a y so X X X 

The ASCII character is checked at one time by checking all 
seven information bits plus the parity bit for an even parity 
condition. FIG. 36 shows the logical elements which are used 
for parity checking the information in the input buffer, FIG. 
35 is a modified state machine diagram for parity checking. 
When the last bit of a character is loaded into the input 

buffer 150 and the Received Data State Machine progresses to 
RS4 438, the received presence bit 440 is loaded in BT64 of 
loop 0. During WT3, BT64, loop. 0 is read and the Decode 
State Machine is initiated by the data presence bit 440 setting 
the state machine to DS7 272 fron DSO 270 for the start of 
parity check. At the same time, the keyboard-line flip-flop 
278, KF, is reset for purposes which will be explained later. 
As shown in FIG. 8, the BT65 of loop 0 is the error flag posi 

tion 442 of the shift register. If this position contains a 37 1,' 
then the terminal station 104 would be switched to an error 
routine; and conversely, if this position contains a "0," the ter 
minal station remains in a nonerror state. On the next basic 
timing pulse 178 after DS7 272 is reached, which is BT65, this 
error flag is set to "O' prior to checking for parity. If this posi 
tion had a " '' at this time, the error condition would have 
been cleared prior to data reception by the terminal station. 

During DS7 272, the input buffer is read during each of the 
next four word times; namely, WT4, WT5, WT6, and WTT. As 
shown by the signals on the AND gate 444 in FIG. 36, only 
during CH3, which is the input buffer, are the pulses from loop 
0 counted by the Receive Parity Flip-Flop 446, RPF. 

In FIG. 36, the four AND gates comprising the Hamming 
timing window 448 and the single AND gate which comprises 
the ASCII timing window 450 are shown. These two sets of 
gates are controlled by the status of the Hamming flip-flop 
452, HF, illustrated in FIG. 40. The signal LSESOl 454 in 
dicates that the information being checked was received by 
the terminal station 104 from the central processor 100. 
A subroutine is shown in FIG. 35 having steps EC1 through 

EC4455 through 458 which are followed to check each of the 
four group parity bits in the Hamming code. This routine 
checks the complete ASCII character in each subroutine state 
but as will be shown, only the character check performed in 
step EC4 458 is noted. 
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During each of the first three steps of the subroutine; name 
ly, EC1455, EC2 456, and EC3 457, the crror flag in loop. 0 
BT65 will be set if there is a parity error detected and the 
character being checked is in Hamming character. The flag is 
set according to the following equation: 

ERRORBT65 HFRPF/ 

During each step of the subroutine, the summation of the data 
pulses must be odd and at BT65, the status of RPF 446 must 
be true or the error flag is set. 

If the character being checked is an ASCII character, the 
summation of all of the data pulses must be even and the status 
of RPF must be false. 
At the end of the fourth check of CH3, in step EC4 458, the 

following BT65 pulse changes the Decode State Machine to 
DS3276 for transferring the contents of the input buffer 150 
to the C register 154 for processing or to DS0 because of a 
parity error. The equation for parity error being: 

The first term, LOR, is the output of loop 0 sampled at BT65 
which is the error flag position, if a Hamming parity error was 
found during EC1, EC2, or EC3, the flag would have been set 
and LOR would be true. The second term, HFRPF1, is the 
Hamming parity error check. If an error occurs at this time, 
the error flag is also set in loop 0 BT65. The third and last 
terms, HF/-RPF, relates to the parity check of an ASCII 
character made during EC4. 

If the received data character is free of parity errors, the 
Decode State Machine progresses to DS3 276 wherein the 
contents of the input buffer 150 are transferred to the C re 
gister 154. 
C Register 

After the received data has been checked for parity, the 
Decode State Machine progresses to DS3 wherein the con 
tents of the input buffer 150 are transferred to the C register 
154 for decoding. 
The C register 154, as illustrated in FIG. 40 comprises eight 

JK flip-flops C7F-COF connected as a conventional shift re 
gister. C7F contains the most significant bit of the character 
stored in the C register. The information is transferred in serial 
form from the input buffer via a four-input AND gate 460 into 
C7F. The first input to the AND gate 460 is the data line from 
the input buffer 150, the second input line identifies the par 
ticular bit position of the input buffer, the third input identifies 
the character position of the input buffer in the loop which is 
character 3 and the fourth input identifies the state machine 
state, DS3. 
As each bit is transferred from the input buffer 150, the C 

register 154 is shifted by shift control gate 462 wherein the 
basic timing pulse T is gated with character time. After the C 
register is fully loaded with the information from the input 
buffer 150, the Decode State Machine progresses to DS2 280 
according to the following equation: 

In DS2 280, the C register 154 is decoded in the decoder 
156 and the decoded signals are applied to the control matrix 
158. As illustrated in FIG. 40, the first three stages of the C re 
gister; namely, COF, C1F and C2F are decoded into eight dis 
crete signals identified by CD0 through CD7 in a binary to 
octal decoder. The fourth stage is not decoded and preserves 
its data value through the C register decoder 156. The last 
three stages, CSF, C6F and C7F are decoded and provide 
three signals which represent particular control "ticks' for 
the identification of functions. These signals are CSTKO, 
CSTK1 and CSTK67. 

in the control matrix S8, the above enumerated signal Are 
discretely gated to provide several control signals used to con 
trol the terminal station 104. As an illustration in FIO. 40, 
there are three particular signals which are defined by the fol 
lowing equations: 
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SCD6C3 FCSTKO 

SCD7C3FCTSKO 

POSaHF's 

All three signals S. 464, S. 466, and POS 468, are signals 
which are received by the terminal station from the central 
processor 100. The signal Sp464 indicates that all subsequent 
characters to be received by the terminal station will be nu 
meric digits and in the Hamming code. The signal POS 468, is 
a printer command indicating that the printer element 160 will 
be moved to a new POSition which will be identified by the 
next two characters. S. 466 is a signal indicating that all sub 
sequent characters will be alpha characters and in the ASCII 
code. 

At the end of the decoding time, the state machine 
progresses from DS2 280, or preexecute state, to DS6 284, or 
execute state, according to the following equation: 

The signal KFI is the "0" output of the keyboard line flip-flop 
278 shown in F.G. 37 and indicates that the commands to be 
processed are from the central processor 100. 

in state DS624 the commands as illustrated in FIG. 41 are 
executed according to their respective functions. The signal 
S 464 is applied to the Hamming flip-flop 452, HF, to set this 
control member to open the Hamming parity check window 
448 in FG. 36. It is the status of this control member 452, 
HFFF, which determines the mode of parity checking of in 
coming signals. The timing signal which is generated to trigger 
this flip-flop is CXTT 469 which is defined as follows: 

If the prior received command was S. 464 and this com 
mand is POS 468, the signal POSXT 470 is generated by the 
AND gate 472 which defines POSXT as follows: 

POSXT-HFS-CXTT 

The signal POSXT will cause the terminal station to initiate 
another state machine which is the Position Code State 
Machine. 

If the received command is decoded as S. 466 the signal 
CXTT 469 will reset the Hamming flip-flop 452 which will 
close the Hamming parity check window 448 and open the 
ASCII parity check window 450 shown in FIG. 36. This signal 
indicates that all subsequent commands are in the ASCII code 
and only a signal parity check need be made on each received 
character. 
With any of the above enumerated commands, the Decode 

State Machine progresses from DS6 284 to DSO 270 accord 
ing to the following equation: 

This state machine remains in DS0 until the next character is 
fully loaded into the input buffer 150 and the data presence bit 
440, BT64 of loop. 0 is read and the state machine goes to DS7 
272 for receive parity check. 
Position Code State Machine 
As previously mentioned in connection with FIG. 40, if the 

command received by the terminal station 104 from the cen 
tral processor 100 is decoded as POS 468 during DS2, this sig 
nifies that the subsequent characters to be received by the ter 
minal station will indicate a new printer 160 position. In DS6 
284 the command coccule signal CXTT 469 is generated and 
when combined with POS gencrates position execute POSXT 
470 which initiate the Position Code State Machinc. 

in FG, 4 there is shown the data flow of the next two 
characters following the POS command in conjunction with 
the state diagram for the Position Code State Machine. The 
state machine is comprised of four states which are identified 
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by the status of two flip-flops PMF1 and PMF2. When the 
power is applied to the terminal station, the initialized state 
PMO is on and states PM, PM2, and PM3 are off. The func 
tions of the four states are enumerated in the table below 
along with the status of the two flip-flops shown in the Kar 
naugh map of Flo. 42: 

State Status Function 

PM?. . . . . . . . . . . O) Initialize. 
1....... . . . . {l Loafi least significant digits. 

PM2.... . . . . . . Execute. 
PS13.- . . . . . . . --. 11 Load nost significant digits. 

When the terminal station 04 is in DS6 284 and the com 
mand which is received is POS 468, the Position Code State 
Machine progresses from its initialized state, PMO 474, to 
state PM 476. The Position Code State Machine remains in 
state PM 476 until such time as the next character, which is 
being received from the central processor 100, has been 
loaded into the C register 154 and the Decode State Machine 
progresses to DS2 280. Since the character is a Hamming 
character, the first four stages of the C register; namely, COF 
through C3F contain the least significant four bits of the 
printer position. The upper four stages of the C register con 
tain the Hamming group parity bits 294 which will be disre 
garded during this operation. The Decode State Machine 
remains in state DS2 280 for one word time beginning with 
CH6. CTO and ending with CH5 CT7. Concurrently, the Posi 
tion Code State Machine for the first character immediately 
following a position command is in state PM1 476. It is the 
function of state PM 1 to transfer the information in the C re 
gister 154 to the desired position register 478 which is loop 1 
character 5. This operation takes place during CH5 time of 
OS2. 
As shown in F.G. 41, the transfer of information from the C 

register 154 to the desired position register 478 is a serial 
operation from COF of the C register. The data flow is con 
trolled by a 4-input AND gate 480 where the first input is con 
nected to COF, the second input identifies the particular state 
machine times; namely, DS2 and PM 1, the third input identi 
fies the character times; namely, CH5; and the fourth input 
identifies the bit times; namely, CT4ff. 
When the Decode State Machine progresses through DS2 to 

CH5, the data transfer operation from the C register 154 to 
the desired position register 478, character 5 loop 1, begins. 
As previously mentioned, this is a Hamming character and 
only the first four positions of the C register 154 will be trans 
ferred. With the Position Code State Machine in state PM 1 
476, the data to be transferred comprises the least significant 
bits of the position number. Therefore, the AND gate 480 is 
open during time CTO through CT3. 
The Position Code State Machine remains in state PM1 

until the Decode State Machine returns to DSO from DS6. At 
that time, the Position Code State machine progresses to state 
PM3 482. 
The operation of state PM3 482 is identical to the operation 

of state PM1 476 with the exception that the character in the 
C register 154 is the most significant four bits of the new posi 
tion register. During DS2 and PM3 time, a second AND gate 
484 is opened during the last four bit times of character 5 as 
identified by the signal CT4 F. This signal allows the transfer 
of the four bits in the C register 154 stages CTO and CT3 to 
the upper four bit positions of the desired position register 
478, character 5 of loop. 1. The Position Code State Machine 
remains in state PM3 482 until the end of state DS6 when the 
Position Code State Machine progresses to PM2 486 the 
Decode State Machine progresses to DS4 for the execution of 
the printer movement according to the command received. 
When the printing element 160 has received the position 

identified in the desired position register, the signal SY40 is 
generated which indicates completion of the command and 
returns the Position Code State Machine to state PMO 74 as 
indicated by the AND gate 488 in F1G. 41. 
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Interrupt State Machine 

In the block diagram of FIG. 3, the interrupt key is illus 
trated by the box labeled Interrupt. 490. The output of this key 
is connected to the keyboard buffer via conductor 492. This il 
lustrates that the signal generated by the interrupt key will be 
transmitted by the terminal station 104 to the central proces 
sor 100. 
The Interrupt State Machine is diagrammed in FIG. 43. The 

machine is controlled by the condition of two flip-flops; name 
ly, ISF and SF2. The outputs of these two flip-flops are gated 
to provide the four states of the interrupt state diagram. The 
function of the four states are enumerated in the table below 
along with the status of the two flip-flops as shown in the Kar 
naugh map of FIG. 44. 

Flip flop 
State status Function 

IS0--------- 00 Initial State. 
IS1......... 0i Wait for keyboard buffer to empty. 
IS2--------- 10 Walt for start of transmission. 
IS3-........ 11 Load interrupt code into keyboard buffer. 

When the terminal station 104 is connected to a source of 
power and turned on, the initializing routine of the station sets 
the state machine to state zero, as identified by ISO 494. The 
machine remains in this state until the interrupt key 490 is 
depressed when the terminal station 104 is in the on line unat 
tended mode. The equation for progressing from IS0 to IS1 is: 

IS1=INTRPT-CHO-CT7-(IP2F--ONLU) 
where 
INTRPT = Output from interrupt key 
ONLU at Online unattended 
When the state machine progresses to IS 496, the machine 

remains in that state until the keyboard buffer 134 is empty. 
This allows the present operation of terminal station 104 to 
complete its transmission to the central processor. When the 
keyboard buffer 134 is empty the three presence bit flip-flops, 
POFF 334, P1 FF 336 and P2FF 338 are reset generating the 
signal PSO according to the following equation: 

Also, the other state machines must be in their initialized 
state, thus safeguarding against interruptions into desired 
operations. 
The central processor 100 must receive a signal indicating 

that the operation of the terminal station 104 is being inter 
rupted. This signal is generated in state IS3 498. The state 
machine progresses from S1 to IS3 when the previously men 
tioned conditions are met and the basic machine timing is at 
BT65. 

In S3, the interrupt code is loaded into the keyboard buffer 
134 at loop 0 CH0. The code, from most significant bit to least 
significant bit is: 

INTCODE=OOOOOO 

When the basic timing progresses to WT7-BT65, the state 
machine progresses to IS2 500, where it remains until the in 
terrupt code, INTCODE, is being transmitted by the transmit 
state machine at which time the state machine returns to ISO 
494. 
When the central processor 100 receives the NTCODE, it 

will then transmit to the terminal station an acknowledgement 
which will turn off the on line unattended indicator. Thus the 
operator is informed by visual means when she has regained 
control of the terminal station. At this point in time the ter 
minal station is still on line with the central processor but by 
subsequent depression of the type program select key, the 
operator can go off-line. 

In summary, there is shown and described a terminal station 
for communicating with a central processor via telephone 
lines. The terminal station has an alpha keyboard and a nu 
meric keyboard which is adapted to generate a positionably 
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coded signal for each key thereon. The numeric codes, being 
the same a several of the alpha codes, is distinguished 
therefrom by either of two particular coded signals which in 
dicate the codal format of transmission. A recirculating 
memory provides a time sharing storage member capable of 
substantially simultaneously handling information being 
received by the terminal station, information being trans 
mitted by the terminal station, and information being 
processed by the terminal station. The keyboard is capable of 
generating a plurality of groups of codes wherein each codal 
group or groups represents information, group parity or line 
parity. 
We claim: 
1. In an on line data communication system having a mul 

timode terminal station operatively connected via a communi 
cation channel to a central processor and controlled thereby, 
said terminal station comprising: 
a keyboard having an alphabetic section and a numeric sec 

tion for entering new data into the communication chan 
nel; 

said alphabetic section having means to generate a codal 
representation of each of said alphabetic characters, said 
representation comprising seven data bits; 

said numeric section having means to generate a codal 
representation of each of said numeric characters, said 
representation comprising four data bits and three parity 
bits; 

transmission means operatively coupled to said keyboard to 
transmit said new data from said keyboard to the central 
processor over the communication channel; 

first synchronizing means to synchronize the frequency of 
said new data with the frequency of the communication 
channel; 

parity generation means operatively coupled to said trans 
mission means and responsive to said first synchronizing 
means to generate a parity bit according to the codal 
representation of the seven bits from each of said 
keyboard sections; 

receiver means operatively coupled to the communication 
channel to receive data comprising seven data bits and 
one parity bit from the central processor; 

second synchronizing means to synchronize the frequency 
of said received data with the frequency of the terminal 
station; 

first parity checking means operatively coupled to said 
receiver means and responsive to said second synchroniz 
ing means to generate a parity bit in response to each 
alphabetic character; 

second parity checking means operatively coupled to said 
receiver means and responsive to said second synchroniz 
ing means to generate a parity bit in response to each nu 
meric character; 

comparator means operatively coupled to said first and said 
second parity checking means and responsive thereto to 
compare the generated parity bit with the received parity 
bit; and 

recirculation storage means responsive to said first 
synchronizing means and operatively coupled to said 
keyboard means for storing said new data and simultane 
ously responsive to said second synchronizing means and 
said comparator means and operatively coupled to said 
receiver means for storing said received data. 

2. A device for generating electrical signals to be trans 
mitted via a communication line, said device comprising: 

first keyboard means for generating coded signals in ac 
cordance with a first coding format for alphabetic infor 
nation, 
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accond keyboard means for generating coded signals in ac 
cordance with a second coding format for numeric infor 
mation, each of said first and second coding formats hav 
ing a like number "n" of binary bits for each character of 
its information type, all of said 'n' bit of said first coding 
format representing information bits of an alphabetic 
character and a first group of "r" bits of said second cod 
ing format representing information bits of a numeric 
character and a second group of "ri-x' bits representing 
parity bits, said parity bits correlating with the bits of said 
first group of "r" bits; and 

first and second switch means operatively connected to said 
first and second keyboard means respectively and 
selectably operable to generate a first electrical signal in 
dicating said first coding format represents an alphabetic 
character and a second electrical signal indicating said 
second coding format represents a numeric character. 

3. The terminal device as defined in claim 2 additionally in 
cluding means for adding at least one additional parity bit to 
form a (n+1) bit coded signal for each character of both the 
alphabetic and the numeric information. 

4. The device defined in claim 2 wherein said number 'n' 
equals seven and the number "r'equals four. 

5. In an online data communication system having a mul 
timode terminal station operatively connected via a communi 
cation channel to a central processor, the multimode terminal 
station comprising: 

a keyboard having a plurality of data and operational keys 
thereon to generate positionably coded signals represent 
ing alphabetic and numeric characters and operational in 
structions in response to the operation thereof; 

a printer to print alphabetic and numeric characters at the 
terminal station; 

a printer buffer operatively connected to said printer to 
receive and store the alphabetic and numeric characters 
to be printed; 

transmission means for transmitting said positionably coded 
signals over the communication channel; 

reception means for receiving said positionably coded 
signals from the communication channel; 

mode selection means to select the operational mode of the 
terminal station; and 

recirculating storage means operatively connected to 
receive the positionable coded signals representing 
alphabetic and numeric characters from said keyboard 
and said reception means and to couple said signals to 
said transmission means and said printer buffer in 
response to said mode selection means. 

6. The multimode terminal station according to claim 5 
wherein said mode selection means comprises in combination 
at least two flip-flops responsive to said operational keys on 
said keyboard to select one of three modes of operation 
wherein the normal mode of operation operatively couples the 
terminal station to the communication channel for the trans 
mission of positionably coded signals from said keyboard. 
When the terminal station 104 is connected to a source of 

power and turned on, the initializing routine of the station sets 
the state machine to state zero, as identified by ISO 494. The 
machine remains in this state until the interrupt key 490 is 
depressed when the terminal station 104 is in the on line unat 
tended mode. The equation for progressing from S0 to S1 is: 

IS1=INTRPTCHO.CT7..(IP2F +only 
where 
INTRPT =Output from interrupt key 
only son line unattended 
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