3,388.378

STEENECK ETAL |
ERROR DETECTION AND CORRECTION APPARATUS FOR

R.

June 11, 1968

o3 Sheets-Sheet 1

DUPLEX COMMUNICATION SYSTEM

Filed Sept. 22, 1964

191d

. utmm
FP—_——-— e s T T e e e e e e——— 1 ._Illlhul..tlllll..lJ
_ | | |
] _
r | !
o3iimwsnvay [P0 _
Ol olavy ] _
! | !
_ ,"ZJ_'
..w_ | “ _ | |
] “
|
YILINI¥d3IN3L “ o |
o R |
. . |- _ |
| _ | ¥
| | | | _
| I R u |
i ¥3Qv3Y R
- - advl 0 I3SION_ 0Iavy
] Nm | “ |
| . _ “
| . ) b
] 5| 43IAI303Y N | “
| ' oIavy - T 1 3
| — _ _ |
| | /S _
_r.alluﬂl.l..l.lli...ll..t....il.. —_—d rrl.. ||||| .
- IUNINY31 3AVIS-IT ~WNIQ3IW

_-zo_mm_zmzqmp

~ ¥3AIZO3Y 2]

olavy
Ol
~{y3ININd3T3L
43av3y
3dV1
. . . . - ¥ -
13 _ *‘._w_R |
_ o 02
CM3ILIINSNYNL o
- olavy
— ..l(.ll —— — —— et ——— e —

“IYNIWY3L ¥31SYW-T

ROBERT STEENECK
JoHN R. Cowan
ATTORNEY

é). (>, (3uwrfa

BY



TELEPRINTER _SIGNAL BLOCK - SR - LEGEND.
R= REST BIT.

5 ' IEBEIIIIEEEE |2 35 R EIIIIHI S= START BIT.
X ‘—T—’ - / _ /, - ~ C= ACCEPT SIGNAL BIT.
cHAR. 1 CHAR *2  cHAR.*3  CHAR %4 FI1G.2 %= cHeck CHARACTER BIT.

-
) | ;f-“”Zi"“\r-“"”“"“a _
| EEl 2 EEIIE 45| EIEEIIEIHE el EASE BLOCK A

- _ < AND LOAD NEW
EDAC SIGNAL BLOCK | . , - INFORMATION

I-—— ————————BLOCK A — —_— ——— o —BLOCK B _ .
BEE ccc CHAR. 1 CHAR. 3 | CHAR. 4 | %% % %% [R|S[CCC| CHAR. 1 CHAR. 2 | CHAR. 3 | CHAR. 4 [%%%%x

K'. —— ACCEPT SIGNAL FOR OTHER CHANNEL—— ,
' ' ACCEPT BLOCK A
SEND B CHECK OK _ .
RETURN-ACCEPTANCE

FIG. 3. ErrROR-FREE OPERATION. - ' SGR AL ok

NO NEW INFORMA -
TION LOADED UNTIL
REPEAT OF BLOCK A

8 ACCEPT SIGNAL OK

——BLOCK A———— -—--——-————--[-— -'—'—--——-—-BLOCK B

EE craR 4 ma

SEND B CHECK NG |

| o | | i . ' | RETURN-ACCEPTANCE
F1G. 4. 0PERATION WITH TRANSMISSION ERRORS. 5 _ SowAL NO 9000 O

2 199US-s109yg €2

v96T ‘Zz ‘1deg PaTTd

WHLSAS NOILVOINNWWOD XHTdNd :
H40d SALVYVAAY NOILOHYUOD (NV NOIIDHAIIA YOH¥d
V.13 MOINIELS 'S

8961 ‘L1 sunp

8LEQBE'E



S - - S

[
20 | READ IN - - " _MASTER EDAC ( % —
\Zn—/ o READ OUT | ze4 | I RP . g
| CONTROLS | _ - e =
14 TAPE READ IN3| BLOCK A | I U —
READER ' MASTER I8 B
- >3 | TRANSMITTER + -
o | -
| SENDING | | - 220 ) N
I ] STORAGE rReaApoUT -0/ -0 === B — Co
' MATRIX BLOCK A f25 SENDING POLAR.RELAY l L =
| RELAY | | s
| -
| : : =
I TAPE STEP| | RESET T COMBINING SENDING %%[’;L\{T o : S
' DRIVE | | STORAGE GATES DISTRIBUTOR srive | - (224 = ==
| 3 — N S
| | READ OUT oo ELECTRONIC™ | = 5
| | Z ()
| _ _ BLOCK B
, . . SENDING BLOCK B e ————— = ! §§r_rI
_, . SRORAGE | 25
| Loap |\ MATRIX | ggg
| CONTROL _ I =92
| \LOAD A SENDING SENDING , 220
l LOAD B COMPUTER COMPUTER [ — - = - I T =B X
—]
| 55 READ IN COUNTER DISTRIBUTOR ik lp
| READ OUT _ . | , o
CONTROLS . ! SENDING 2
: BLOCK B | | - 226 1 228 DISTRIBUTOR L"ﬁ] :prl’_’,
_ >
| COMPUTER COMPUTER CONTROL : : GATES EZE
| 230 ACCEPTANCE ACCEPTANCE “ | 286 =
| CONTROL DISTRIBUTOR | SENDING 288~ 7
— | =
L e e e e e e ————— — COUNTER SENDING o
—— e mm—e— e e — | | CONTROL DISTRIBUTOR ~
COUNTER

CRYSTAL

290l 1 |
counTon S=U°  A—START-STOP SWITCH

OSC.

¢ 190US-S100US ¢F

8LE‘88E‘S

L I R A —— ﬁ-n—_——-._——-—'

I
I
I
I
I
TIMING ----- ﬁ'
I
I
I
I

' M R EDAC - e
T16. SR 111G 5C sk L1 | RECEIVING
- | ISTRIBUTOR
FIG. 58 | FIG. 5D 282 ~284 COUNTER COUNTER
254~ CONTROL e



292 3950

RECEIVING
DISTRIBUTOR
GATES

RECEIVING
" COUNTER
ADVANCE-

RETARD

R AND SCCC
o T e e —— — 4= ~-— DELIVERY l
‘MASTER EDAC | | _ — DISTRIBUTOR
RECEIVING--» READ COMPUTER - COUNTER
| l COMPUTER. RECEIVING e
| INPUT COMPUTER 300
_| DISTRIBUTOR COUNTER DELIVERY -
: BLOCK B DISTRIBUTOR
| N 36 COMPUTER _
FlG SB l INPUT - READ IN d N 1.
| o ! | DISTRIBUTOR READ OUT -
| DELIVERY B_LCK A CONTROLS |} V1Y -1 - - — - o
1 BLOCK
, CONTROL READ OUT _
| (CLEAR) 271 - _ _ ACCEPTANCE REC.
: . RELAY BLOCK A READ 250 RELY
l |

DELIVERY

_ (CLEAR)[ \~pELIvERY CONTROL CO&BTIEISNG FTSET%ERIKLNEG
16 RELAY - . BLOCK A MATRIX
DRIVE "
TELE- DELIVERY
DISTRIBUTOR

PRINTER

DELIVERY -
RELAY

il Yl T EEEE S e A T el

READ OUT
BLOCK B

. READ IN
READ OUT

- CONTROLS

BLOCK B

COMBINING  BLOCK B
ATE RECEIVING
GATES IECEIV

BLOCK B ORAGE

- MATRIX

ANTI-

BOUNCE
NETWORK

RECEIVER

v 198US-S1eeus €7

7967 ‘2z 1deg poTtd

WAISAS NOILYDINNWWOD XHAI1dNQ
Jod SALVYVAdY NOILOHMYOD ANV NOIIOHLAT dO¥yT
AV 13 MOINIJLS |

8LE'88E’E

8961 'I[ sunf

K=



r ——————— -
< . READ IN
RP SLAVE | | READ OUT
RECEIVER 15" | CONTROLS
| BLOCK B READ OUT
' | - - | DELIVERY
BL I
_I OCKE 2725 RELAY,
R BLOCK B | 2
| _ RMS 1 | RECEIVING R " DELIVERY -
I RELAY- nd STORAGE RELAY
| o~ELECTRONIC MATRIX BLOcK B DRIVE
| e . READlﬂ) | -
I ANTI- 28 DELIVERY
| BOUNCE loes] PULSE DISTRIBUTOR
: !
' NETWORK READ - (276
| (252 RECEIVING Cog’ABT";g“G DELIVERY CONTROLy (gEEﬁﬁI
| 290 ~7 STORAGE g OATES, ' — RELAY
| - MATRIX - | | IV
l " — . | : .
| RELAY - | 1 DELIVERY
" READ OQUT 271 _
I 34' 562 " BLOCK A "DELIVERY (CLEAR)
- READ IN COMPUTER 1_ CONTROL 36" RELAY
- READ OUT | a
- CONTROLS INFUT . -
= Bl OCK A DISTRIBUTOR _
DELIVERY 352" | - -
DISTRIBUTOR COMPUTER .
RECEIVING INPUT - |
_ cou |
DELIVERY -
DISTRIBUTOR |
| R AND SCCC

|
20| |
imn
o |
mii
<ii
2|
"I
|
I
|
:
|
|
|
|
|
i
|
|
|
i
J

- TEEE EpEy Eemlry s S s S e

RECEIVING COUNTER
DISTRIBUTOR ADVANCE-
RETARD

CONTROL
292"

'.

I
l
I
!

_I

N

o

]
|
I . COUNTER
| .

-
I
|
I
I
I
|
I
!

16

" TELE-
PRINTER

SLAVE EDAC
AL

e — T

POBT ‘Tz '1deg paTTy

S 3}seyS-siodyusg ¢

NdLSAS NOILVOINNWWOD Xd714Nnd

d0d SOLVHVJ4Y NOILOIYHYOD OGNV NOIINTLA

8LE'8SE’E

8961 ‘[T sunp

JOd YA

Y13 ¥DINIILS Y



256

I-—"-—- WA e S . EE—— WD SIS EEEE AUA i PEE AN G R Sl e e

RECEIVING
RECEIVING COUNTER
DISTRIBUTOR CONTROL
COUNTER -
START-STOP SWITCH—» 290
SENDING -
- DISTRIBUTOR SENDING —
COUNTER | COUNTER
' CONTROL
: & (288" L=
. i
:“\_Fusl 286
SENDING ,
DISTRIBUTOR 228
GATES. |
r'_" ————————————
, ELECTRONIC
| |
| S\\ ! OUTPUT
, SMS? | 2242 RELAY
| < . DRIVE
! B -
: RELAY Jd
| I
(RP
>

SLAVE

TRANSMITTER

254'

-

SENDING
STORAGE

- 24'-

READ [N
READ OUT

CONTROLS
BLOCK B

24 (282" | SLAVE EDAC ~ FIG. 5D
:; TIMING |
COMMON CRYSTAL : ' | ' '
COUNTER osc. |, SLAVE EDAC
____________ | . /" SENDING ; ' .
r"—‘_""s'l—l_'“‘_‘?:”—__“"_—“‘_“’_ """"'""""_’—"'_- ““““““““““ | —
ACCEPTANCE | ACCEPTANCE 230’ '
_ DISTRIBUTOR CONTROL . (
- - 38 | = |
- COMPUTER
| COMPUTER CONTROL CONTROL
& . "~ READ IN
22 ) 26 354~ READ OUT
CONTROLS 55!,
SENDING SENDING BLOCK A .
COMPUTER LOAD A
COUNTER LOAD B LOAD
BLOCK A | CONTROL
_ SENDING -
READ OUT STORAGE | '
BLOCK A MATRIX
SENDING COMBINING ll RESET | |TAPE STEP]
DISTRIBUTOR|" GATES STORAGE DRIVE
.
oig' 202
READ OUT AUTO.
BLOCK B - STOP-

TAPE
READER

296T ‘€z '1deg PeT1d

9 j08US-S1e8YyS ¢

| WALSAS NOILVOINAWWOO XHA1dNd .
40d SNIVYYL4Y NOILOEMMOD ANV NOTIOFIAA HOWUY

- 8LE'88¢C’E

8961 ‘11 dunp

K=

v L3 MDINIILS



|
|
1
|
|
|
|
|
l
|
|
|
!
|
|
I
|
|
|

l- BLOCK A -+~ BLOCK B ————BLOCK A ~~——BLOCK B )
. . MASTER
mex ccl  DATA B fexxcc|  DATA A m DATA B m TRANSCEIVER
— - -~ SENDING
L—H_——-- |<—-BLOC BLOCK B'—— "'" \"'
| I 1 :. ] . >| . SLAVE
| |ccof  DATA A xxxfccc]  DATA B x** _DATA N TRANSCEIVER
| | —— | -~ RECEIVING
| | | '
- T ~———BLOCK A———=f~——1-BLOCK B ' ,
| | I . ! ——.  SLAVE
| o ccCofuxx| DATA A [cccwxx| DATA B [cccp]wx TRANSCEIVER
j | | ! . i | | “ SENDING
: 1 \ O
| BLOCK A‘—;-T- BLOCK B!
: o R , - ? 1 MASTER |
| | cccpjxx%|  DATA A" cccpkxx| DATA B' cccplwsx| TRANSCEIVER
, D - RECEIVING
| ) -
BLOCK A+—t—mte——BLOCK B
~ | | . _ . MASTER
ccGl DATA A [xxx{ccql DATA B [exx|ccel DATA A |xxx|ccc DATA B |%%%| TRANSCEIVER
- - - - SENDING
LEGEND .

FIG. 6

@l = CHECK CHARACTER FOR DATA IMMEDIATELY PRECEDING.

CCCy| = RETURNING ACCEPT-REJECT SIGNAL FOR DATA LAST SENT BY SLAVE SENDER.

T =

RETURNING ACCEPT-REJECT SIGNAL FOR DATA LAST SENT BY MASTER SENDER.

TIME REQUIRED FOR DATA TO BE RECEIVED, COMPARED AND TO GENERATE A CCC, OR CCC, SIGNAL.

'pdag poTTy

Tz

BO6T

WALSAS NOILVOINNWWOO XHT1dNd
dO0d SNLVHVd4Y NOILOUHMOD ANV NOIIDHLAG HOYMd

8L£'88¢'¢

i 188US~S100YS 02

8961 ‘I dunf

a

- IVAd MO3IN3Z31LS



FlG 7A STAI;I'BMF——_ ' *V____j(_ Z r—u—— v'_B__\i"___

L._Ir—-—*——ﬂr N

MASTE EIIEEHEHEEEEIIEHHEIIEEHEIIEEHEIIEEEEﬂEEHEﬂEEﬂEHEEHEIIEEHEII
¥[RSCCC %——J\—ﬂ———l\—#——f XXX NX¥RSCCC—0— O
E%%(%_%%L 1A 2A Rsccc CONTROL— B 2B 3B

| 5' :
SIGNAL RECEIVED READ ‘ |
FROM SLAVE'—_)/;:LDI-/ —Y' 2z
| START y .

cunner 2 [ZBL[ ERIE[ 2]

| TRANSMISSION RSCCC *****x___

DELAY } >I“STOP
u

P |
—"—-\r—-——*‘-—ﬂr——'—-

TR s esT r Is]
~ DELIVERY CONTROL , |
B DELIVER A

MASTER
RECEIVE

CHANNEL 1
TRANSMISSION

CHANNEL 1

CHANNEL 2—

_SLAVE ]
SEND | HEEHEHEEHEIIEEHEIIE

SIGNAL RECEIVED | | o L_S C C C*****g_y___/k___.

FROM MASTER | ~ . - l=Rscce comn:u::u.—vJ 1B
- START Z' U’ v' w' 4 Y Z' u' v

A S EEHEHEEHEIEE dl EEHEIIEEHEIIEEHEIIEEEEIIEEHEIIEEEEIIE

“~STOP 1A 2A 3A qA N I= 2B

- . | | | Bn | - _ : "'—'A"_
FlG- 7 , l M . N o P I M N _'

' 7 SRR f SFEEE R [P EeELr B Ees] e sl 23[als R Bl 2T e 5],

I-——— DELIVERY CONTROL-DELIVER B“————_—l-— DELIVERY CONTROL-DELIVER A'—

Yo6T ‘2z '1deg poTld

. |—A B—
| START. Z | U V
R \r——* N

WIZLSAS NOILVIINNWWOOD XI1dNQA
d0d SNLYYVAdV NOILOTUMOD ANV NOIIODHLIC HOuud
1vi3d MOINZI3LS 'd

8 198UyS—slo9ys ¢¢
8LE‘88E"E

8961 "I aunf



X Y Z U Ry W X Y z "
~ ! FIG.78B :
2345|2345“EHHE“EEEE:2345|23451E345:2345“EEH5:’ . i3
- XX XXHXRSCCC —JXXXXKRS CCC B <
aB |~ RICCC CONTROL A 27 3IA an RSCCC CONTROL—— =1
- A I — - R —T A
9 v' w' x' | Y' z' T U’ v'- w‘ 'x' Y' 2’ U’ &
"345|2EHE“EEHE"EH45|2345:2345|234E“Es45nE345u2345123451234512' %
— —— R S C C C ¥¥X¥N'\——r ' —— R S CCCH***KX'"-
1A 2A 3A 4A IB 2B 3B 4B pMgToOP A
BII ) A" | 1]
M N o P T M N O = M
- N Y - N A 4 a A4 A N/ A N/ A N/ A —J— -
FRRRTsIrR [s[12[3[¢]5] R [s[12[3]4]s] R Is[1[2[3[4]s] R Is[t[2]3]4|s| R [s[t{2[3]4{S[ R [S|I[2]3]4[5| R |S|!]|2[3]4]5| R [S|
~DELIVERY CONTROL=-DELIVER B e DELIVERY CONTROL—DELIVER A - - .

W x Y z_—.[‘__u_— vV W ATy z—’l BT
- ~N 7/ Ae——~r A ——
"aﬂsl2545|2345"EEHE“EE45"EEH5|2345"2345"234512345|2EHE“EEHE"E

AR S CC CXXAHXX L—ﬂ——JH—-

2B 3B Y L—Fs?sccgccggrfr?m—J A 2A o 3A  4A RSCCC CONTROL— 2B
- - -
wl xl YI zi ~ UI VI wl xl - YI ZI .-l
- A, )
T T e e B e oo e el et e e e ;
I —— R X XX ¥ RS CC o — e — A XXX X RS CCC >
3B 4B ~STOP A 2A  3A 4A  sTOP—] ®
_ - - —»r — N —B - > ul | LEGEND. t;)m
e Mot
O

naananBnlanaﬂanaanananaamamanaaﬂaﬂanﬂﬂﬂﬂﬂ C = ACCEPT SIGNAL BIT.

—r-ld- DELIVERY CONTROL- DELIVER B —_— —I %= CHECK CHARACTER BIT.

WALSAS NOILVOINNWWOD XH7TINg
d0d SNLVYVddY NOILOHHYOOD ANV NOIIDHIM HOUMA

8LE'8BEE

8961 'L =unf

R~

AV .Ld MOIANIZLS



June 11, 1968 R. STEENECK ETAL 3,388,378

ERROR DETECTION AND CORRECTION APPARATUS FOR
DUPLEX COMMUNICATION SYSTEM

Filed Sept. 22, 1964 23 Sheets-Sheet 10
[ T e s e e ey
_n..__
_ e v
| W, Wg |
| | = oy ok _
gl [Tz 2T Y O™
o' S* go o o
v __m /I\ /1\ _____m_m
N W] =Y
‘. _m _ N D.._.l
J_A _ ol P~ MnNu
o
| /N /N /1N O
| |
W | _ I P P
E _ UV.I. g n.._.nn_
=W =0 =0 |

"
| I
| o —
| - .
| % M <
_

__. = 1
w!' N T 3
> < N |
(o S E2W -‘ |
o | A‘ | o Y N

|| Yl J
Tr 40 ‘ <
o 2 ° D
. ~dl Lo,
O M_ < . B
e = | : A‘ _
W ' O\ Lt
...x,_ N = | ‘_‘ M
| S g
| 7 ol = ”m e
w M @ NI« O L <t
X 1l O o\ o oo
| < o
— | Q \
- — — e | o QO -
lllllll )... b O L O |
N o\ VAR Ry
x O [ -
an Voo o | —
< <
s|Ss3 |5 ruw = = | | [
—_l N | | a. N_ " L
- o | < | L
1 XY ol _ ~ _ i
Ao [ ] <! e 2 A S N5 8
_ ST =71\ °
_ | =
| | ) N\ _._w
| . ol Wu
1 3 | |
“ -
43
—_— — — _ﬂw 4
- /N
U ]
A L &

SWITCH

AUTO. STOP
i I PR

22
r~
!
)
l
|
|
|
!
!
|
:
1
I
I
;
|
I
|
|
|
L



DISTRIBUTOR )>—<
COUNTER

(FIG.8C)

el
—_-__._—_-—-———-———-——-———-r—q—-———————-——l—-——_—
L

HO-1

_____________________ -
"¥-.2288 - SENDING DISTRIBUTOR COUNTER

e s
11-1..-
11—" T

W X Y Z
= Sl il gty =1 _.--228
EFJ . 8863_;‘ “" SENDING
85-1 A,85-4 A 877 _ | DISTRIBUTOR
KT /AN /N8O eaTEs
oLesa Le7-H Lesiol
851 : - - _
‘k ‘ ‘k | ‘ _|86A
1]
11 |
I
|
|
i A B
|
|| ool
eFl leF] [EF :
@Rs

J

‘vz "1deg pOTTY

PO6T

WILSAS NOILVOINNWWOD XATJNC
O  SNLVYVA4Y NOILOIYHOO ANV NOIIDEIA( HOWud
1V 1l3d MODINZ3ILS

8LE'88E°E

11 192US-S1004g ¢

8961 ‘11 dunf

k=



p e——

CRYSTAL
0SC.

282/

F1G.8C

A Mgl S 20 IS AT WSS E—w

SENDING COUNTER CONTROL---7

STOP~  ,~START

"\START- STOP SWITCH

Y 290

i
S-A

M-Bl,

1 >—%
99-A

I
e

COMMON
COUNTER

284

RECEIVING

COUNTER
CONTROL

RECE{VING
COUNTER

ADVANCE-
RETARD

CONTROL

292

3350

o8-l

e
Ve

98-10

98-4 |

IS
Ve

2561

RECEIVING
DISTRIBUTOR
" COUNTER

RECEIVING
DISTRIBUTOR
GATES

15

O
| MX MV MA  MX MY :
| Sy sSw sB Sz sZ I
i My ITmwiwmu f mBlwmzwmz |
] SuU | SX SV | SA | SU SY'
TIEIYIYIrly &
9g7! | | S
™~ MASTER (SLAVE) oy
v SWITCH -
| ' |
|
| Y W U B X Z
X v A Z U
‘= A_J] ACCEPTANCE
54 READ
o 250 R%E)%’
TO MASTER-SLAVE 58 _
SWITCH RS 552
(FIG. 8B) M
o 2M :
(294 ANTI-
SM PRUEL:: BOUNCE
DELIVERY | am NETWORK
°'§55h9#’§§ R oM ELECTRONIC—]
— o (RELAY
| RMS (©
309 3eé
| DELIVERY | |
DISTRIBUTOR
GATES

MASTER

RECEIVER

p96T ‘zz-'1deg POTTJ

21 jesug-s1eeys £

NALSAS NOILVOINNWWOD XA 1d4Nd

40A SNLYYVddY NOILOIYHO)

(ANY NOTIIDFLAd HOMYT

8961 ‘11 dunf

'y

VL3 MDAN3I3LS

8LE'S8E'E



June 11, 1968 . R. STEENECK ETAL - 3,388,378
_ | N ERROR DETECTION AND CORRECTION APPARATUS FOR |
. DUPLEX COMMUNICATION SYSTEM

Filed Sept. 22, 1964

- 23 Sheets—Sheet 15

STORAGE
qA

—

. = = = =

| w f2 . f_.o r4 Ty
— . o 0 < Tg
I <X g L~ | <
2 D p "N n

STORAGE
3A

-—Ia_ = = = <.
= “o 9 & 0 _

- Y " <G Ty
< a < < < _
o N N o o |
|
w |
MA |
< |
02_ _
n _
1

IM
;
M
>
3
i
{
am
5M
S

" AN _mw . ann _“

i ..-....j_“mmm < < m... < > < i

A St S —

& Wmmcs Ne N AN AN A
. B B B i .

il

_ =
- @a A A A AA|[ A
_ ol SR R R ]

B e A

jlillllllllllllllll.iili!llllllllllll

A

-~
B L)
M-
2M
3M
am
5M

—

r

|

'

|

|

'

I
BLOCK

MATRIX~
—
I
I
I
!

I
I
I
I
I
I
|
|
|
I
|
|
|
|
I
|
|
I
|
I
I
I
|
I

SENDING
STORAGE



June 11, 1968

Filed Sept. 22, 1964

W

CONTROLS
BLOCK B

‘READ IN-READ OUT

r—————— ==

STORAGE

18

R. STEENECK ETAL 3,388,378
ERROR DETECTION AND CORRECTION APPARATUS FOR

- DUPLEX.

SENDING COMPUTER COUNTER- 26~

-

BLOCK B- SENDING STORAGE MATRIX-24 -~
., W
\76-H 787
_ ' 78-7 |

E._l i e
R -

- == —

e — _

FIG. 8E

COMMUNICATION SYSTEM
23 Sheets~Sheet 14

?

vk T TN I  TEREWE A mepman Wkl AL I IS TS s wees el -e——

1
o
(¢ =
. s
o
Q
=
T
N

-2
=

50-10 -
INDICATOR

e
1

SENDING COMPUTER DISTRIBUTOR

L
|
|
:
I
I
|
;
I
|
I
I
I
I
|
|

J

78-I'
¢2)

76-10

-__‘_-—_—___

i kel Sl S Paaaslh TR




June 11, 1968 = R STEENECK ETAL - 3,388,378
. ERROR DETECTION AND CORRECTION APPARATUS FOR
DUPLEX COMMUNICATION SYSTEM

‘Filed Sept. 22, 1964 23 Sheets—Sheet 15

D=
25
Oy
o n Mw_
—o - Lo
_ = o _
: W 0
o D= < 2
& g § = 0
My N ha
§ Y 186
N <0
V 4 . h_-_.._.
s O - O
Q: A — N .
W_& | _ N m_.a_u.._ TTTTTTT w.l...:..._
T U W - S
IR ZE> | - Ol W
— 20w | . < O
Do Wa e I <
al 2 el _ gl
= 1w - W Z
3 - . 08
5 R __.
U PSR S
ol i e e ittt —
N _
x | Y
O | o
0
o
e
o
0
m < A._.
=¥ 0}
= =~/N\ !fLV
Z . T
S“| 1 ol
Mnlutonie ferffniinfiie iy Aty
o G () Q - ® Q "
N | |
" _ |
mw 2« ~l 2|2 g |9laln]Qfaln~ “
hejejele el QI drahaANAS &) |
2 NN YNYNANYNYNAYAYAYAYAYNA
2 | ._ _ |
— 1=1S1=] = jjala| & mim] mig| IS ¢ vl |
2 slslel g lslslel ¢ A3l3hal elslslal @ J3I3IRL 1
S 8% 308 2308 =308 <328 |2




_’,-r34'— ACCEPTANCE READ

FlG 9 [~ m e — 0 sc) | S =
g | . § Y% 2 T0 LOAD CONTROL-22" Q.
- _ : ‘k 124-7 , R | - %
| | | D
FIG. 9A |FIG. 9B | FIG. 9D : o 3
FIG.9E | FIG.9C | /I 1ed IL 4-4- : KR 8
FI1G.9F | FIG. 96 l —2m| Myl J - } F l G‘.I gA %
/IS ‘\ sz~ _ - _
T —am 1M l
s s :
- - | READ>  READ’ _ )
RECEIVING e e e — — - _
' | -ANTI-BOUNCE | |
oo (2808 /  NETWORK ' ,-28-PULSE READ .
I ; - :
o " | :
| : :
= | |
' | om !
- 12V | | o
| : | | :
i
g : | ]
I :' ——3M | N
| L l 4]
| | : : .
— l ' +
RMS' = L | - 4L, | | I i )
- | o | N -l | - EF 4M [ i
. RELAY~"J © ZELECTRONIC| - 252 : _ — o i 23 E ' : %’
_ . . 0 I | - - | 1 M
I 1 : &
_ - = L g d21A - d2- | 5M | -
FROM | . | READ > { Fo—ef—
SLAVE RECEIVER-I5' ¥ _ | _ T ____ Y __ gt

(EDAC INPUT)

WILSAS NOILVOINAWWOO XHTdNC -
Y04 SNIVEVYJ4Y NOILOIUMOD ANV NOIIDILAC HOMMT
IWA13 MOINIFLS |

8961 ‘11 sunf

ks

8LE'88E’S



June 11, 1968

R. STEENECK ETAL 3,388,378

ERROR DETECTION AND CORRECTION APPARATUS FOR

DUPLEX COMMUNICATION SYSTEM

Filed Sept. mm__r 1964 - 23 m_umm&mimwmm& 17

-352

_

READ IN-READ OUT CONTROLS
- BLOCK A

ﬂ
|
.

—d

125-1~,
126-B "\

famnth wod S Ty e e demh  EEal IR S

= —

~
—EF
G

360--...
RESET STORAGE

BLOCK A

BLOCK A |
RECEIVING STORAGE

S S e
= 0= | = = _M_ )
_ W m”m < 0 .

MATRIX-ZQ"‘

STORAGE
3A

2M
3IM
aM
OM»

2A1
2A2
2A3
274

A5

STORAGE
2A

= - = -
N % M < Ty
(0.
o7 _
TR < _M
|
“ m.. .AIH. i

I52-A
BN
A

153-H1.
™

ﬁﬁﬂ, ;

r.mr .ﬂ \ /N i
e e “



RESET STORAGE ) A' READ IN-READ QUT CONTROL
BLOCK B RESET 'BLOCK B -« |

s S T T T T T T T T T T T T T T Nttty

' S - |lig
: - ! NB" | _ |

R —_—— — - — — e -

1 | |
32 '“-"--H
RECEIVING

COMPUTER
COUNTER

U'B' v' B'

STORAGE —1STORAGE
IB

' gg}f ‘I' AI;TZ-IOB 1 ‘I' A|272-132 ‘-' Ags—n V. 173-7
(e ("aa[phs (oo Yl L
r2A\y/ N/ V \/ \//-173-H
:5 > 172-H -I2V.. -2 V. eV
- - —_ —_ 178-1
176-1>—= ™~ BN /
-

o as

P _—“__—._____—_-_—____-__—__—i—_—-_——_l—-—_”“-

READ
COMPUTER~.

OK-NG

GENERATORj

Fbl'
Wl.-- ol

B
id

—_——ra

81 300US-S100Ug 2

LO6T ‘g2 1deg peTtly
WNAISAS NOILVOINNWWOD Xardnd

404 SNIVYVI4AY NOILOYIMMOD ANV NOIINHIAA HOHyd

8LE'88¢°¢E

8961 '11 aunf

‘o

- 1IviAd MOEIANZ3LS



COMPUTER INPUT DISTRIBUTOR __-264'~ DELIVERY DISTRIBUTOR

LY r_—i-é_é:ié-l "BLOCK'A*262'*‘ _. r"_'-‘_‘f'._——""--—_-——'-—-j r—_-‘—————-.---_—..-;. DELIVERY -I -

poel ‘2z '3des POTTS.

" WZISAS NOILVOINNWWOD XA1dNd -
- ¥0d SNIV¥VAdY NOILOEMMOO ANV NOIIOEIEd HOMMT

g B 203-1
2A1 : S | RELAY DRIVE
4Al . > I ,.;"‘- 272 |
1A2 >~ | |
- 2A2 |
3A2—H ) g
BV V-3 _ o
- 2A3 -
- 4p3 A -12V.
2A4 + [ DELIVERY LoJ ~
- 3A4> POLAR. §-12v, =3
AT RELAY m=
4A4——~ . 05
1A5 1~ _ _ al
==y [TRS20610 | her- -
- 3AS TN . +— ! DELIVERY (CLEAR)
P G " RELAY DRIVE
- 4AST e e ~ : -
COMBLock A A |170-1 H —~QELIVERY
BB | + = | |
READ TO COMPUTE —+17170-4 ¥ _ 48 | 1206-4\/ .
TO RECEIVING COMPUTER COUNTER-32'(FIG.9C)= : a : | - il : |
1Bl B | | B3 e S ' )
I | " !- ‘ .
e o | I O 2
' COMBINING F—— - - | _ g m__ >
] - GATES  F—— . - - ! =m o+
1 ' S - | | B i
! BLOCK B F ' COMPUTER INPUT iy Mm
== [ o]  DISTRIBUTOR R <3 5
. - ' BLOCK B =~ - DELIVERY 1y ' - o
- 4B5 geapTO COMPUTE—,> | . 1) ~ } (CLEAR) {-j2v -3 <
. o o | -2 o . _ I -t . POLAR. | mm o
FlG QD B oo . | | 1 RELAY ;:u o
| I . e I N _ — e _' P ';""""_'-_J I."""|20V. | ~

Q961 ‘I sunf

R~

1v.Ld MOIANIILS

- 8LE'88€‘



-292'-RECEIVING COUNTER ADVANCE- RETARD CONTROL

Y ..\_ B FIG.9E 228 odrhiavion

292 I FF GATES
'SPACE sl

(REC.Y” -

[T

. ' ] __Z_ - COMMON ' -
___________________________ —]- SENDING SENDING
- ' — — ' - ~ COUNTER COUNTER  DISTRIBUTOR
97-7  .-284 CONTROL COUNTER

|
!
| - T = — - SWITCH

»-254-RECEIVING COUNTER CONTROL ——— MY Mx MW MV MU MA MB MX MZ MmY' mMZ'
fSTART-STOP SW. B o8 "~ |77~ su sy SX SW SV SB SA SZ SU SZ' SY'

| 290 g7op .
A
-2 V..

l |
ir/:L_S—:OP

| = START
__ ————————— S — Y X W V U B z x U Z |
100-7~_101-75 _____________ 105+ 106Hy 107Hy s%%

R 2 - | -

' !l 00

._ ™
] : : |
| % :
|

“RECEIVING _ - T —
'DISTRIBUTOR 4, p? D2 ez g Atd2tel Fez 1 Hf2 +g1 kg2 thi tha bkl k2t Ha2 tmitm2knl tn2 tp1 tp2 hy L

COUNTER

|
|
l
I
I
|
{
l.
| | IF— | . _ —L ( 286" o . i |
 |CRYSTAL - ' - - -
0SC. ARaaN , 1 FF ! (MASTER) —» ; o
. 1 <— SLAVE /RS .
- -
} .-
!
-
.
I
i

02 189yg-S190Us €2

P96T 22 "1deS PoTTJ

NALSAS NOILVOINNWWOD Xd7TdNd |
HO0d SNLVHUVd4VY NOILOHEYYOOD UNV NOIISHIHA HOWYHd

8961 ‘I dunf

R~

vV i3 MOIN3ILS

8LE'8]E’E



~ June 11, 1968 R. STEENECK ETAL 3,388,378
ERROR DETECTION AND CORRECTION APPARATUS FOR
DUPLEX COMMUNICATION SYSTEM |

Filed Sept. 22, 1964 . 23 Sheets-Sheet 21
© T )
m =

Pl I N S

n2 n >4 ! 2

m2 = .

g2
faw‘

COMPUTE

ll
_ o -
D Y
\350'
RECEIVING DISTRIBUTOR GATES

READ TO
STORAGE

>R
: %
READ TO
134-4

o Nga
" END
CORRECTIO
i34-7

131-10

el "
f - O ~3
1 o > o
h i
L < -
g1 e o &
Mz
SY!
gl )
f2 — £ B
cadl 3 5 2
> 7 &
d2 0
144 1N O R - r =
b1>—t mp 7 ak E:J
<D - >
Ql‘\ . I.él% o :l
P — O Q
MY}_{ - | '
SZ

FI1G.9F



3,388,378

R.

June 11, 1968

STEENECK ETAL
ERROR DETECTION AND CORRECTION APPARATUS FOR

DUPLEX COMMUNICATION SYSTEM

Filed Sept. 22, 1964

29 oheets-Sheet 22

iy e gk Yok Suwil miphlh el EEE EE T

_ _ o o VO HOLNEINLSIO ANIAITIQ ~00E--a_
10H1NOD AN3IAINGQ-9E--- _ - S3LVO ¥OLN __

llllllllll ——
_ . S et D i e - —— — — S | Y

t . . - - -7 T T me == . ! . . P _ _.m-
b-0GIy , (8 L I S S
! | | I _ - ;' .~
7= i o L R G T R < T O <
= g | _ R O o

»” ' | |
S 43104W00 | | : . % _ &M AN A AN _,
" ! ! . | . | \ ) ]
ITOYLNOD C . ! o 1
! |
| b 1
“ | 1834} |
| S . |
_ S . 11
“ N | - 4 _
| B “ 38 38 1
L e J
IIIIIIIIIIII 1
| __,
| "
) N
. “
| 13s3y !
i A¥3IAIT3AA !
| . - “_m
_ _ |
Hd3INNOD _ o
dOLNgId1s1d “ _
..vaq....... “ “
i i
| _
_ ]
_ |
| |
-




June 11, 1968 R sTEENECK ETAL 3,388,378
| - ERROR DETECTION -AND CORRECTION APPARATUS FOR

| | | DUPLEX COMMUNICATION SYSTEM . |
Filed Sept. 22, 1964 | | 23 Sheets—~Sheet 23

| 2V -2V

Gl\ 62\
302 . FOUTPUT 307 S _OUTPUT
_ _ 303 | L - o 313 | __
_ e ' 306 1 N30
FIG.10< 21, 31| 32 E1G. 1145 3% "N s
. SYMBOL . SYMBOL
| 1 (315
; L_ QUTPUT +i2V. . OUTPUT |
' FF~
-2 V. 2 -2V,
FFR R2 R3 FFS
Ll |RS R6| ok
CRI1- * CR2 CR3
+42Vﬂ _
Cl— . 2.C2 C3|
R7 R8 3-R9  RIO-3 RI~3 3RI23-RI3
R 35 is IR 3R 4R %
(o

INPUT




United States Patent Office

1

3,388,378

ERROR DETECTION AND CORRECTION AP-
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lyn, N.Y., assignors to Western Union Telegraphk Com-
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ABSTRACT OF THE DISCLOSURE

In an error detection and correction apparatus succes-
sive blocks of signal data are generated at a transmission
terminal and transmitted to a receiving terminal. Each
block consists of information signal bits, check signal bits
and accept-reject signal bits. At the receiving terminal other
signal blocks are generated each consisting of another
check signal, information signals and an accept-reject sig-
nal. The other check signal is transmitted back to the
transmission terminal. If an error occurred in transmission
of the signal block, the transmission terminal introduces
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15

20

an error into the check signal bits of the next block to |

prevent recording of the next block and to permit re-
transmission and recording of the preceding block until
the block is correctly received and recorded. |

r——— T T S e ———

This invention concerns apparatus for detection of
~errors occurring in transmission of signals beftween du-
plex terminals and for automatic correction of such errors.

The acronym “EDAC” meaning “Error Detection-
Automatic Correction” is employed for the sake of brev-
ity in the following description fo represent the apparatus
and system embodying the invention. ‘

The problem of error control in data transmission has
long been an outstanding one for which no satisfactory
solution has heretofore been found. The EDAC system is
directed at solving this problem. The EDAC system de-
tects errors occurring in transmitted coded signals and
automatically corrects them. The errors may result from
a noisy transmission medium such as a high frequency
radio circuit where extreme fading and intense magnetic
activity introduce numerous gaps in the tramsmitted in-
formation. Such conditions make meaningful communica-
tions almost impossible. In order to reduce the difficulties
caused by a “noisy” transmission medium the EDAC sys-
tem produces error-free data communication by retrans-
mitting errored information until it is received correctly.

The EDAC system performs the function of error
detection by resorting to redundancy of transmission In a
novel way. In the EDAC system redundancy is obtained
from a binary summation of stored information, and this
summation is used as a check criterion. To accommodate
the binary summation process, and the subsequent check
comparison, the EDAC system employs two memory units
in transceivers at both sending and receiving terminal
equipment, from which stored information may be trans-
mitted as often as required.

In a duplex communications system including a high
frequency radio circuit between two terminals, two identi-
cal EDAC assemblies will be provided, one at each ter-
minal. Since the system operates duplex, the EDAC ap-
paratus corrects message traffic in both directions. It
- should be clearly understood, that the EDAC system
eliminates only errors generated in the transmission
medium; i.e. the errors generated between the output of
one terminal and the input of the other terminal. When
either terminal is sending message traffic the EDAC ap-

paratus at the sending terminal is operated as a master
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transceiver while the EDAC apparatus at the receiving
terminal is operated as a slave transceiver. '

It is therefore a principal object of the invention to
provide a system which detects errors occurring in data
transmission due to fading or other adverse transmission
conditions and which automatically corrects such errors.

Another object is to provide a duplex data transmission
system in which either one of two ferminals may serve
as a master transceiver station sending message ftraffic
while the other terminal serves as a slave transceiver sta-
tion receiving message traffic and vice versa.

- A further object is to provide a system of the char-
acter described including memory units at both terminals
from which stored information may be repeatedly trans-
mitted until error-free reception is accomplished.

Another object is to provide a duplex sending and re-
ceiving method in which a first block of coded signals
is transmitted from a master terminal to a slave terminal
and is stored in both terminals; then a second block of
coded signals is transmitted from master to slave ter-
minals, while the slave terminal reports back to the
master terminal whether or not the first block of signals
has been correctly received; if the first block has been
correctly received, the first block is recorded at the slave
terminal and the first block is released from storage at
the master terminal so that a third block of coded sig-
nals can be transmitted; and if the first block has been
incorrectly received, the transmission of the first block
is repeated while, the slave terminal withholds recording
of the second block; transmission of the third block be-
ing withheld until the first block has been correctly re-
ceived at the slave terminal. |

Still another object is to provide a method of error de-
tection and correction in which novel coded signals are
transmitted between master and slave transceiver ter-
minals by means of which the occurrence of errors in
transmission are detected and corrected.

FIGURE 1 is a simplified block diagram of a system
embodying the invention; |

FIGURES 24 are graphic diagrams of signal pulse
blocks, employed in explaining the invention;

FIGURE 5 is a diagram showing how FIGURES
5A—5D are to be assembled together as a unit;

FIGURES 5A-5D taken together constitute a block
diagram of a system embodying the invention, including
master and slave transceiver terminals;

FIGURE 6 is a simplified graphic diagram of signal
pulse block sequences, according to the invention;

FIGURE 7 is a diagram showing how FIGURES
7A, 7B are to be assembled together as a unit;

FIGURES 7A and 7B taken together constitute a

~ graphic diagram of signal pulse block sequences in pre-

scibed relative timing according to the invention;

FIGURE 8 is a diagram showing how FIGURES5
8A—8F are to be assembled together as a unit;

FIGURES8A—8F taken together constitute a logic dia-
gram of part of the master transceiver terminal of FIG-
URES 5A, 5B;

FIGURE 9 is a diagram showing how FIGURES 9A—
9G are to be assembled together as a unit;

" FIGURES 9A-9G taken together constitute a logic
diagram of part of the slave transceiver terminal of FIG-
URES 5C, 5D. |

FIGURE 10 and FIGURE 11 are diagrams of typical
gate circuits employed in the system;

FIGURE 12 is a diagram of a typical flip-flop circuit
employed in the system,;

FIGURE 13 is a diagram of a typical emitter follower
circuit employed.

FIGURE 1 shows a duplex communication system in
which two transceiver terminals I and II are in communi-
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cation via a radio frequency channel RP which is sub-
ject to radio noise and fading. Terminal 1 is operated as
a master transceiver with radio transmitter 10, radio re-
ceiver 12, and master EDAC apparatus E1. Encoded
message traffic 1s passed from a punched tape reader 14
to the master EDAC for transmission by transmitter 10.
Radio receiver 12’ at terminal II receives the encoded
signals and passes them to slave EDAC apparatus E2. If
the signals have been correctly received they are recorded
as clean copy by teleprinter 16’. Coded report signals are
sent back via transmitter 10’ at terminal II to terminal
I to indicate correct or incorrect reception of signals. The
report signals are received at receiver 12 and passed to
the master EDAC E1 where the previously transmitted
signals are being held in storage pending receipt of the
report signals. The stored signals are cleared from storage
if the signals were correctly received at terminal II or are
retransmitted if the signals were incorrectly received at
terminal II.

Tape reader 14’ at terminal II is in standby condition
supject to use of terminal II to send message traffic and
teleprinter 16" is in standby condition subject to use of
terminal I to receive message traffic. The system can be
operated in duplex with both terminals simultaneously
sending message fraffic from punched tape 20, 20’.

In setting up an EDAC system one terminal is desio-
nated as the “master” and the second as the “slave” as
shown in FIGURE ‘1. The master terminal I provides the
clock frequency from a stable crystal oscillator that is
considered to be standard for the system. This frequency
1s derived from a stable crystal oscillator and is not cor-
rected. The other terminal I then becomes the “slave”
terminal with its own crystal oscillator to provide a clock
frequency. This clock frequency is synchronized to that
of the master terminal through observations of the time
positions of start and rest bits in received EDAC sig-
nals, so that the circuit operates on a character syn-
chronized basis.

The corrected slave clock drives a slave receiving dis-
tributor and also drives a slave sending distributor which
may be transmitting independent traffic back to the
master terminal I. A switch is provided in each EDAC
El, E2 to allow it to serve in either the “master” or
“slave” mode of operation.

The EDAC signal block

In EDAC operation information is transmitted in data
blocks of fixed length. Each EDAC block contains thirty
bits assigned as follows:

20 bits assigned to 4 characters containing 5 bits each:
5 bits assigned to check information:

3 bits assigned to a return acceptance signal:

2 bits assigned to rest-start synchronization.

It may be advantageous at this point to compare the
EDAC signal block with a teleprinter signal containing
exactly the same number of bits to determine how the
EDAC system transmits information at the same rate as
a standard teleprinter circuit without requiring any in-
crease in the bit rate. FIGURE 2 illustrates this com-
parison and establishes a relationship between four char-
acters of five bits each of a teleprinter signal block and
an EDAC block containing six five-bit groups or char-
acters. Although the EDAC signal contains the same
twenty information bits as the teleprinter signal, it also
includes five bits designated * * * * * for check in-
formation, three bits designated CCC as a return accep-
tance signal and two synchronization bits R and S. The
EDAC system makes it possible to include these ten extra
bits and still maintain the same length of signal block
as the original teleprinter block. It will be understood
that each rest-start bit combination R, S in the teleprinter
block occupies two and one-half bits. By deleting the last
three of these bit combinations it is possible to save a
total of seven and one-half bits. These saved bits are
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used for the check information and acceptance signal as
outlined above. The additional half bit comes from the
shortened first rest pulse. Even though the EDAC signal
block differs in some respects from the teleprinter signal
block the fact that both contain a total of thirty bits
makes it possible to transmit the EDAC signal at the
same character speed as a standard teleprinter signal
without increasing the bit rate.

It is not necessary to convert codes in the EDAC sys-
tem since it derives its error check information from a

weighted binary sum of the information bits contained
within each Dblock transmitted. ‘The check is extremely

tight in its function and gives equal protection to all bit
levels transmitted,

Whenever an error is detected it is not mecessary to
back up the tape at the sending end to obtain a retrans-
mission of information; nor is it necessary to cancel
errored information received at the receiving end. Buffer
siorage 1s provided at both sending and receiving ter-
minals making such a procedure unnecessary.

Standard NOR logic circuits are used to provide simple
buffer storage. The readout is non-destructive and infor-
mation may thus be retransmitted from storage as often
as desired. At the message receiving terminal only valid
blocks of information are delivered from storage for re-
cording resulting in copy that is free from transmission
€ITOrS.

It 1s not necessary to halt transmission after every
block is sent to confirm its reception. Two buffer stor-
age units at each terminal provide the time overlap nec-
essary to make the operation of EDAC system a con-
tinuous function with no halt in transmission except when
errors are discovered. An error discovered in one direc-
tion does not necessarily halt traffic jn the opposite direc-
tion during correction procedures.

Operation without errors

Under normal operating conditions each EDAC Sig-
nal block is transmitted in succession with a check char-
acter af the end of the block as shown in FIGURE 3.

The sequence of transmission never varies, first block
A then block B, followed by another block A and so on

~Indefinitely. An acceptance signal from the receiver ter-

minal accepting the first block A must arrive at the
sending terminal before transmission of the check char-
acter for block B. The acceptance signal for block A may
come at any time during block B permitting the release
of block A information from block A sending storage
and allowing new information to be stored in block A
storage. Likewise the acceptance signal for block B may
come back at any time during the transmission of the next
block A in sequence. Thus, an acceptance signal re-
ceived at a sending terminal from the receiver terminal
indicates that a block of information has been received
correctly, and directs the release of this block from send-
ing storage. At the receiving terminal blocks of informa-
tion placed in receiving storage that check correctly are
delivered as error-free copy to the teleprinter or other
readout device.

It will be noted in FIGURE 3 that immediately after
block A and its check bits have been sent, the transmis-
sion of block B is started without waiting for confirma-
tion of the satisfactory reception of block A. Block A in-
formation, however, is not released from sending storage
until an acceptance signal is returned from the receiving
terminal. The return of an acceptance signal may occur
at any point before the check bits of block B are trans-
mitted,

The storage of block A from sending storage is al-
ways released at the start of transmission of check bits
in block B by the sending terminal no matter when the
return-accept signal is received at the sending terminal
during transmission of block B. This delayed release is

provided for convenience in input timing.
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Under “no error” operation traffic will flow continuous-
ly in both directions at normal teleprinter speeds with no
“hesitation between signal blocks. The recorded copy pro-
duced by teleprinter will give no indication of EDAC
operation under “no error” conditions.

Operation with transmission errors

FIGURE 4 shows EDAC operation under conditions in I

which transmission errors are encountered. No specific
reject signal is needed. The absence of a proper accept-
ance signal, or an error in the acceptance signal is con-
sidered a rejection requiring retransmission of the signal
block in guestion. --

If a return-accept signal is properly recewed, it 1s
quite certain that the signal block was also properly re-
ceived to be delivered at the receiving termmal as error-
free copy.

If no return-accept signal is received, it is certain that
the signal block was not correctly received.

If, for instance, block A was received in error, correc-
tion is simple. Since the receiving-terminal will not deliver
biock A nor the following block B, then block B trans-
mission may be concluded without any possibility of de-
livery to the teleprinter at the receiving terminal. Block
A may then be retransmitted and if eorrectly recewed
delivered at the receiving terminal.

If, however, block A was correctly received but the re-
turn-accept signal for block A was errored, it is neces-
sary to prevent block B from being delivered at the re-
ceiving terminal since retransmission of block A is indi-
cated as being necessary. This is accomplished by error-
ing the check information in block B. Blocks A and B
may then be repeated in this pattern until proper accept-
ance of block A is obtained.

The EDAC operation therefore, 1s eontrelled by only
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one signal. Every block may be accepted individually

and in sequence before new information can be set up for
transmission.

It will be understood that when errors are introduced
into the transmitted signal, there are two ways in which
an acceptance signal may not be received and conse-
guently will require a retransmission of a block from
the sending terminal:

{1) The received information does not correspond to_

the transmitted information, in which case delivery to
the teleprmter does not take place, and

(2) An improper Or incorrect acceptance mgnal ar-
rives at the sending terminal for a block of information
that has been received and delivered correctly. Here the
acceptance signal itself contains a error.

To examine the latter situation in more detail, refer
to FIGURE 4. Suppose that block ‘A is transmitted and
received correctly but the return acceptance signal be-
come mutilated in some martner. Since block A was re-
ceived correctly at the receiving terminal it will be printed
~ out and the receiving terminal will be set to deliver and
print block B. At the sending terminal, on the other hand,
the wrong acceptance signal for block A results in a
transmission of a purposely errored check character for
block B so that delivery of this block B to the teleprinter
will be rejected by the receiving terminal. Both block A
and B will be retransmitted until a proper acceptance
sienal verifies an error-free reception for block A. After
proper acceptance signal arrives for block A, the check
character for block B will be sent out correctly. For
numerous retransmissions the check character for the
block following an errored block will always be trans-
mitted as a false check until an acceptance signal returns
correctly. This procedure prevents signal blocks from be-
ing delivered out of sequence at the receiving terminal,

A similar situation exists when block A is errored
in the transmission medium and the receiving terminal
detects the errored block. This time the receiving termi-
nal itself supplies a false signal and affects a retransmis-
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sion of block A. Once again, the sending terminal follows
the prescribed pattern and deliberately errors the check
character for block B. Then, the sending terminal trans-
mits both blocks over again. Strict adherence to the
pattern of erroring the check character of block B and
retransmitting both block A and B for every false ac-
ceptance signal establishes a simple and efficient sequence
for this error detection and correction data transmission
system. -

The above discussion always assumes an error falling
within block A. It may just as well have fallen into block
B since error generation is a random process. If this be
the case, then, the preceding explanation still applies,
with the block A following the errored block B, subject
to deliberate erroring and retransmission.

FIGURES 5A-5D taken together as shown in FIGURE
5, constitute a block diagram of an EDAC communica-~
tions system in which terminal I is shown in FIGS. 5A,
5B and terminal II is shown in FIGS. 5C, 5D. Terminal
I is designated the master EDAC sending -terminal. Ifs
oscillator 282 determines the timing of the system. Termi-
nal I is designated the slave EDAC receiving terminal
and its oscillator 282’ is synchronized with oscillator
282. It will be noted that both terminals are identical
and have similar components. The components of termi-
nal II are assigned primed numbers which are identical
to those of corresponding components of terminal L
For purposes of explanation it will be assumed that ter-
minal I is sending EDAC signals to terminal II via radio
transmission medium or path RP and terminal II 1s
sending EDAC signals to.terminal I via the same trans-
mission medium. The two signals are the same in charac-
ter except for one modification in the signal sent by slave
terminal II; see FIGURES 7A, 7B.

Starting at the master sending terminal I shown in
FIGURE 5A, the input of data to be transmitted is ob-
tained from punched tape 20 passing through tape reader
14 under the direction of load control circuit 22 to
read the data into block A and block B storage matrices
23, 24.

The load control 22 determines whether new data .
is to be stored and transmitted or if the last stored data
is. to be re-transmitted to correct an error. It is directed
by accept-read circuit 34 which generates an appropriate
signal upon receipt by receiver 15 of the returned accept-
reject signal from terminal IL.

The EDAC signal is encoded by sending distributor
25 into blocks of information of fixed length as indicated
in FIGURE 2. The EDAC signal block A will contain
data bits from block A storage 23, check bits for the data,
control.bits and synchronization bits. The sending storage
facility is composed of two similar storage matrices 23,
24. This storage facility permits the blocks of data to
be transmitted in alternating sequence: block A, block
B, block A’, Block B’, etc., sce FIGURE 6.

Included in each EDAC signal block is the final check
character (* * * * *) which is generated by sending com-
puter counter 26. This check character is the weighted
binary sum of information bits contained within each
transmitted signal block. It is added at slave receiver
terminal II with the complement of a similar locally gen-
erated check character obtained from the incoming in-
formation bits. The correct summation of the two check
characters confirms reception of error-free data.

Also included in the block of data to be sent by
the master sending terminal I is an accept-reject signal
for confirmation of signal data last sent by the slave
terminal Il.

The transmitted blocks of data are received at the
slave receiver 15’, and passed on to pulse read circuit.
28’ which decodes and distributes the components of
the EDAC signal. The incoming bits of data are read
into block A or block B receiving storage matrices 29°,
30’ and also into receiving computer counter 32’, The
check character in each block and the accept-reject signal
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are read directly into the receiving computer counter 32°.
‘The accept-reject signal is also read into acceptance read
circuit 34’. The computer counter 32’ then sums up the
locally generated and incoming check characters. This
addition determines whether the information has been
received correctly. In order to provide the time needed
for the incoming data to be checked for errors, the data
signals are read into temporary storage in sending stor-
age matrices 23 and 24. There the data waits for the com-
puler counter 32” to generate a signal which instructs de-
livery control 36’ as to whether or not it should read

the data out of storage 29, 30. This signal is also sent
to acceptance contro] circuit 38" and acceptance distribu-

tor 31’. This distributor then generates an accept or re-
ject signal, as may be appropriate, for reporting the
condition of the received data. The accept or reject sig-
nal 1s then sent by slave transmitter 18’. When the signal
arrives at the master receiver 12 it is directed to ac-
ceptance read circuit 34. The general makeup of the in-
formation blocks and their relative time positions as they
are transmitted in each direction between the master and
slave terminals of FIGURES 5A-5D is depicted in FIG-
URES 6, 7A and 7B.

The retention of the transmitted signal block tempo-
rarily in storage matrices 23, 24 eliminates the need to
back up the tape 20 for retransmission of errored data.
The storage also eliminates the need to stop transmitting
in order to confirm reception of transmitted data. This
continuous transmission is made possible because of the
two-part subdivision of the storage. This two-part stor-
age enables the EDAC systems to transmit continuously
signals consisting of blocks of data which are alternately
obtained from the individual sub-storages. For example,
signal block A is first transmitted. Immediately after block
A 1s sent, transmission of block B begins. While block
B is being transmitted, block A is confirmed at slave
terminal II and an accept or reject signal is returned.
Thus, some of the time used to confirm reception of
block A is also being used to send block B. In like man-
ner, when block B is being confirmed, the next block A
1s being transmitted.

When transmitting data under conditions where errors
are 1ntroduced, the EDAC operation entails retransmis-
sion of both the errored block and the block immediately
following it. The following explanation will describe the
steps followed by the master EDAC terminal I in send-
ing data to the slave EDAC terminal II under these con-
ditions. This same description also holds true for data
being sent in the opposite direction.

‘The master transmitter 18 first sends block A from stor-
age 23 to the slave receiver 15°. Block B is immediately
transmitted after block A. At the slave terminal II the
data of block A is read into the storage 29’ and into the
computer counter 32°. The computer counter 32’ gen-
erates a check character which is added with the incom-
ing check character in signal block A. If the check char-
acters do not add correctly due to the presence of errors,
counter 32" generates a rejection signal. This signal in-
structs the local delivery control 36’ not to release the
data from storage 29’ to the teleprinter 16’. This signal
also causes the acceptance distributor 38’ to generate a
reject signal to be transmitted by the slave transmitter 18’
as a part of the block currently being transmitted from
slave terminal II to master terminal I. Receipt of this
reject signal at the master receiver 12 instructs accept
generator 34 to generate a signal which directs load con-
trol 22 not to erase block A storage in matrix 23. This
signal will also deliberately error the computer check
character for signal block B. By this expedient, reception
of block B before block A has been correctly received, is
prevented. Block B storage in matrix 24 will not be erased
because block B was not accepted due to the errored check
signal. Thus retransmission of both signal blocks results.
Meanwhile, at the slave terminal II the storage of both

blocks is being crased at storage matrices 29’, 30’ in
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sequence in order to accommodate the reiransmitted data.
These erasures are accomplished by a periodically timed
signal obtained from the receiving distributor counter 25¢”.
When block A is finally accepted, new data is sent from
storage A 23 immediately after block B has bteen trans-
mitted and the above procedure is repeated.

It was stated above that the data in the storages 29, 39
of the receiving terminal must be erased in order to permit
new or retransmitted data to be received. These erasures
occur after a block of data is check for errors and is read
out by the delivery control 36’ in case no errors are pres-

ent. The periodically timed pulse will erase the storage
just before the new data is received for storage.

For the transmission of data under error-free condi-
tions, continuocus transmission of data in both directions
results. For example, the sending terminal I sends block
A, immediately followed by block B. With no errors in-
troduced into the data, block A is accepted by receiving
slave terminal II and an acceptance signal is generated oy
counter 32°. This signal instructs the delivery control 36’
to release signal block A. It is also applied to the accept-
ance distributor 31" which generates an acceptance signal
to be transmitted by the transmitter 18”. Upon receipt of
this acceptance signal at the master receiver 15 the ac-
ceptance read circuit 34 directs load control 22 to erase
the stored block A in matrix 23 and to load the matrix
with another signal block. The check character for block
B is unaffected. During the confirmation of block A and
the reloading of sending storage A at the master sending
terminal, block B was being transmitted and block A
storage at the slave receiving terminal matrix 29 was re-
leased. Thus block B is subjected to the same operations
as block A; and while the acceptance signal for block B is
being returned, the new data in block A 23 is being trans-
mitted. The above procedure is repeated, only now block
B is to be confirmed and block B storage 24 is to be re-
loaded with new data.

There are two conditions which may cause a reject Sig-
nal to be returned. The first is reception of data errored
during transmission. This prevents correct summation of
the two check characters. The procedures are fully de-
scribed above. The second is reception of data coerrectly,
but upon return transmission the accept signal was errored
thus producing a reject signal.

When the second situation is encountered, the data of
the block is caused to be printed out in teleprinter 16" by
the delivery control 36’. If the block just printed out was
block A, the delivery control 36’ sets itself to deliver block
B. However, this block of data will not be delivered be-
cause 1ts check character was deliberately errored before
1t was transmitted, thus preventing correct addition at the
receiving end. The delivery control 36’ remains set to de-
liver block B in order to prevent block A from being
printed out again. Retransmission of both blocks comn-
tinues from terminal I, with both blocks being retained in
master EDAC transmitter storage 23, 24 until proper
acceptance signal for block A is received at the master
terminal I. Then new data is stored in block A storage 23
and the check character for block B is unaffected. If block
B 1s received correctly, the delivery control 36’ will then
deliver block B to teleprinter 16’ and reset itself to de-
liver block A.

It should be noted that in the absence of errors, trans-
mission proceeds without interruption in both directions
simultaneously. The only penalty imposed on transmission
time is the requirement for inclusion in each block of 2
set of check bits and an accept-reject character. This re-
mains true when data is errored but additional time is, of
course, consumed by the necessary retransmissions. This
remains true even when a returning acceptance signal is
errored during transmission but the retransmission must
include both blocks repetitively until the first block is
correctly received. Therefore, at no time is either direction
of transmission idle, and all transmissions are purposeful.

The two storage matrices 23, 24 of sending terminal

75 I which store information prior to transmission, each
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have a storage capacity of four characters, five bits in
length for a total of twenty bits per bank. This enables
continuous operation of the system without hesitation in
transmission except in the presence of errors. We shall
examine the storing process In more detail. The tape
reader 14 reads four characters into block A23 and
thereafter during transmission the computer 26 samples
the contents of this storage. It assigns a weighted binary
number to each bit in storage and obtains a binary sum
of these four characters. Upon transmission of the four
characters the five bits developed from the summation
process serve as the check character for this block. Sub-
sequently the tape reader 14 loads four new characters
into block B storage 24 and the binary sum of these
characters is obtained by the computer 26. Depending
on whether the acceptance signal for block A returns
correctly or incorrectly the computer counter 26 inserts
a true binary sum or a series of five space bits for the
check character. If an incorrect acceptance signal arrives
from the receiving terminal II the computer counter 26
purposely errors the check character with five space bits
and this indicates to the receiving terminal the unac-
ceptable status of block B. These circumstances call tor
a repetition of transmission both block A and block B.
The non-destructive readout characteristic of the storage
banks 23, 24 allows signal block A and block B to be
repeated as often as necessary.

The check character is used to perform one of the
most important functions of the system. The correction
function in the EDAC system is performed by repeating
a block of four characters until they are received cor-
rectly and the reception acknowledged. Thus, it is not
necessarily to know where an error has taken place but
only that an error or number of errors has taken place
in a specific signal block. The EDAC block allows five
bits for error detection redundancy. |

After every block where the receiving computer count-
er 32’ has given the correct sum, the information is read
out from storage 29’ or 30’ and delivered as error-free
copy. In the readout process the delivery control 36"
inserts the rest and start bits R, S for each character
which, in effect, recreates the 01‘1“11131 teleprinter s1gnal
for use with teleprinter 16",

Under some circumstances if 1s p0551ble for a block
of information to be transmitted correctly more than
once when a return acceptance signal itself becomes er-
rored in transmission. In order to circumvent the possi-
bility of a double delivery, the de livery control circuit
36’ remembers the sequence of delivery, first block A,
followed by block B, etc. Thus, a delivery of block A
causes the delivery centrol 36 to anticipate block B. If
block A happens to be repeated, it will not be prmted
out the second time bescause the delivery control is wait-
ing for block B. The delivery control accomplishes the
following functions: (1) it stops delivery 1n case of an
error in the information and (2) it keeps track of the
block sequence. The latter function adds further assur-
ance of printing out blocks in correct sequence.

A more detailed description will now be presented of
the operation of the system with particular reference
to FIGURES 5-9. |

FIGURES 7A, 7B show the sticcessive timing bits of
successive signal blocks A and B as sent by a master
terminal 1 to a slave terminal II. The four message data
characters 1A-4A and 1B to 4B in the A and B blocks

have timing bit sequences or groups designated respec-

tively U, V, W, X. In the Y timing bit group occur five
bits designated * * * * * gnd representing the check
character. In timing bit group Z occur the rest-start syn-
chmmzmg pulses R, S and the three bits CCC represent-
ing the returning accept-re]ect swnal for data last sent
by terminal Il

FIGURES 8A—SF taken together show parts of termi-
nal I arranged as a master terminal, while FIGURES
9A-9G taken together show parts of terminal II arranged
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as a slave terminal, all in accord with FIGURES 1 and
5A-5D. Corresponding components of terminals I and II
are identically numbered, except that the numbers of
circuit components in terminal II are primed. For the
sake of brevity certain circuit components or blocks are
described only once as they are used at either terminal
I or terminal II. It will be understood that the correspond-
ing circuit component or block in the other terminal is
arranged and used in the identical way.

Basic circuits

In the following detailed description of the system,
certain basic circuits including gates, flip-flops, and emit-
ter followers are used. These may be transistorized cir-
cuits of conventional types mounted in groups on cards
in a known manner. For completeness, a number of these
circuits are shown. The basic circuits are shown sym-
bolically by triangles or rectangles in the logic diagrams
of FIGURES 8 and 9. Exemplary circuits represented by
these symbols are shown in FIGURES 10-13.

In FIGURES 10 and 11 are shown two-input and
three-input NOR gate circuits G1 and G2 respectively.
For the two-input gate G1 when neither input 302 nor
input 304 is negative, the output 306 is negative. For
the three-input gate G2 when neither input 307, nor
input 308, nor input 309 is negative, the output 316 is
negative. By connecting two gates back-to-back a D.C.
triggered flip-flop can be formed. Gate G1 has input
resistors 393, 311 and a transistor 312 which serves as
an inverting amplifier. Gate G2 has input resistors 313—
315 and a transistor 316 which serves as an inserting
amplifier. The gates can perform OR circuit logic for
negative inputs and AND circuit logic for ground inputs.
Since the transistors invert and amplify the input signals
they can drive other NOR gates.

In FIGURE 12 is shown a type of flip-flop circuit FF
such as may be used as a basic logic element in the EDAC
system. It i1s used as a binary counter or storage element.
The basic flip-flop includes two transistors Q1, Q2 and
resistors Ri—-R6. The triggering circuitry includes capac-
itors C1-C3, diodes CR1-Cr5 and resistors R4-R13. The
circuit can be in one of two distinct stable states: the
set state or the reset state. The reset state is defined as
the condition in which transistor Q1 is fully on, its col-
lector then being at ground potential, with transistor Q2
1s off with its collector at negative potential. In the set
state the opposite 1s true; i.e., transistor Q2 is fully on and
transistor Q1 is fully off. The triggering circuitry is used
as to change the state of the flip-flop. There are four in-
dependent triggering networks, three of which can be
ussd to reset and cne to set the flip-flop. Terminal 4R is
an A.C. reset terminal. Application of a positive going
pulse at this terminal will cause the circuit to go to the
reset state as the pedestal resistor is always at ground.
A positive going trigger at terminal IR will reset the flip-
fiop provided terminal 3R is at ground. A positive trig-
ger at terminal 1S will set the flip-flop provided terminal
3S is at ground. Terminals FFR and FFS are the output
terminals of the flip-flop.

FIGURE 13 shows the circuit of an emitter follower
EF such as may be used in the EDAC system. The emitter
follower includes resistors 370 and 372 and one transistor
373. The emitter follower has the characteristic that the
output signal follows the mput signal with a current gam
but with no signal inversion. It has a high input im-
pedance and presents a low cutput impedance to a nega-
tive going load. It may be used as a driving stage between
the output of a NOR gate of fiip-flop and its load.

Loading information from tape

The block A sending storage matrix 23 at terminal I
is loaded into and transmitted from during time block A:

see FIGURES 35, 6, 7A, 8A. The block B sendmg storage
matrix 24 is loaded into and tr ansnulted from during

 fumie block B.
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Tape reader or transmitter 14 is stepped four times per
signal block by tape step drive 262 during the second and
third time sections V, W of the U, V, W and X time
groups; see FIGURE 7. During time block A, four trans-

uttter step pulses are produced by three ground inputs
to gate 28-A of tape step drive 28¢2. These inputs are
designated “A,” “STEP” and “LOAD A.” During time
block B four transmitter step pulses are produced by
threec ground inputs to gate 28-10 of the tape step drive.
They are designated “B,” “STEP” and “LOAD B.” Gate
23-4 acts as an inverter for gate 28—1 so that a negative
pulse will be obtained at the output of gate 28-4 for
cach transmitter step pulse. This negative pulse is applied
to power amplifier 264 whose output conducts to ground
when a negative pulse is applied to its input. The cutput
of gatc 28-4 is also apnlied to gate 28—H which conducts
and acts as a drive to encrgize transmitter polar relay
206, The energized polar relay closes its contacts 206T
and 206M and applies a ground wire 208. It is seen that
when a transmitter step pulse occurs, a ground is placed
on wire 208 through the contacts 286T, 206M. This
ground is applied to the coil of tape transmitter step
magnet 210 so that current will flow from ground through
the step magnet and battery resistors 2i2 and 214 to
negative 120 volts.

The five sensing pins 1M, 2M, 3M, 4M, 5M of the tape
transmitter 14 are connected to the read-in circuits of
the block A and block B storage matrices 23, 24. The
first sensing pin 1M is connected to eight first level storage
cells, four first level cells in each matrix. The sscond
sensing pin 2M is connected to eight second level storage
cells, four in each matrix, etc. For example, the first
sensing pin 1M is connected to read-in gate 1-H and
similar gates in storage blocks 2A, 3A, 4A, in matrix
SMA, and storage 1B, 2B, 3B and 4B in matrix 24. The
second sensing pin 2M is applied to read-in gate 2-H and
similar gates in storage 2A, 3A, 4A, 1B-4B.

To see how a bit is read into sending storage, let us look
at the storage for the first bit of the first character “1A”
of four characters in block A storage 23. The five bits of
character 1A are stored in the group of gates labeled
“Storage TA” in matrix 23. The storage gates for the first
bit of character 1A consist of gates I-H, 2-10, 2—A and
E-7. Gates 2-10 and 2-A are connected back to back to
form a D.C. flip-flop which stores the information as to
whether the bit is a mark or a space. Before information
is read into storage flip-flops it is reset so that it has a
space 1n storage. This spacing condition is obtained when
the output of gate 2-1§ is negative and the ouput of gate
2-A 1s ground. The storage reset pulse for block A storage
is obtained during character times “2” and “3,” of timing
group Z in block B; see FIGURES 7A, 7B. This reset
pulse is produced by three ground inputs designated
“MZ,” “STEP” and “LOAD A” to gate 69-10 in resst
storage 216. The negative output of gate 69-10 is ampli-
fied by emitter follower 67-D and is applied to al] the
storage flip-flops in block A storage 23 to reset them to
spacing condition.

Gate 1-H in storage 23 is used to read in a mark to
the storage ilip-flop of bit “1” of character 1A. There are
two inputs to gate 1-H. One input is from the first sensing
pin IM of the tape transmitter 14. This input is negative
when the pin is down and senses a space and is ground
when the pin is up and senses a mark. The other iaput is
a timing pulse from gate i—1 in read in-read out con-
trol 384 for black A. This timing pulse is a ground dus-
ing character time “5” of timing group Z in block A. The
first input telis whether or not to read in a mark and the
other input tells when to read in the mark. When a mark
is read in the output of gate 1-H will be negative and
will be applied to gate 2—10 to make its output negative
and thereby make the output of gate 2-A ground. The
flip-fiop 2-A, 2-10 will now remain in its condition of
storing a mark until it is reset again later on. The read in
timing pulse from gate 1—1 was obtained by three grounds
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applied to gate 1-10, designated “MZ,” “5,” and “LOCAD
A”. This produced a negative output which in turn was
applied to inverter gate 1—1 which produccd the re-
quired ground output.

The ground output of gate 1—1 is applied to all five
storage flip-fiops 2-A, 2-10; 2-1, 2-4; 3-10, 3-A; 4-10,
4—-A; 4—4, 4-7 in storage 1A of matrix 23, for the
five bits of character 1A. This is because all five levels
of each character in the tape are read into storage at
the same time.

If there is a space in the tape on the first level, the
storage fiip-flops remain in the reset condition. Only a
mark will change the condition of the storage flip-flops.

The information in storage 23 is read out and trans-
mifted during the time group following the time group in
which 1t 1S read in. In our example, the first character
1A of block A was read in during the Z time group of
block A; it will be read out and transmitted during the
succeeding U time group. Read out control gate 1-4 has
two ground inputs designated “MU” and “A,” which
produce an negative pulse which is then inverted by gate
I-A producing a ground pulse which is applied to five
read-out gates of storage 1A. The first read-out gate 1-7
reads out level “1” of character 1-A. A mark will read
out if the two inputs to gate 1-7 are ground. One output
will be a ground if there is a mark in the storage flip-
flop, i.e., gate 2-10 is a ground. The other input is the
read-out timing pulse from gate I-A. The output of gate
1-7 will be negative when a mark is read out. All of
the marks which are in storage 1A will be read out at
the same time and applied to the sending distributor 25.

Sending distributor 25 has five input gates each of
which consist of three parallel “NOR” gates to obtain
eight 1nputs to each input gate. The first of the five input
gates consist of combining gates 18-1¢, 18-A and 18-7 in
combining gate group 218. The eight inputs come from
the first level of gates in Storage 1A, 2A, 3A, 4A of
matrix 23 and in storage 1B, 2B, 3B and 4B of matrix 24.
The input to the other four input gates come from the
corresponding levels in the storage matrices 23, 24. These
input gates are gates 19-10, 19-A, 19-7, 20-10, 20-A,
20-7, 21-19, 21-A, 21-7, 22-10, 22-A, 22-7. The input
gates act as “"OR” gates with negative marking inputs.
The output of the first input gate will be ground whenever
a negative or marking pulse is read out of any one of the
first level storage fiip-flops. In a like manner the output
of the second input gate will be ground whenever a mark-
1ng pulse is read out of any one of the second level storage
flip-flops.

Only one character at a time is applied to the send-
ing distributor 25 but all five bits of each character are
applied at the same time. To distribute these five bits in
time sequence for transmission to the output line 220 the
marking ground outputs of the five input gates are com-
bined with the corresponding five time sections of each
time group. Therefore, when the first level or bit of a
character is read out as a mark, and ground appears at
gate 18-A, then when it is applied together with a ground
from time “1” at the input to gate 18—4, the output of
gate 18—4 will be negative. In the same way, when level
“2” In storage matrix 23 or 24 is read out as a mark and
time “2” is applied to gate 19-4 in the sending distributor
25 then a negative pulse will appear at the oufput of
gate 19-4. These negative marking outputs at gates 184,
£9-4, 20-4, 21-4, and 22-4 (five negative marking pulsas
1n time sequence) are combined by gates 18~H and 12-H
and the output of these two paralleled gates is a ground
whenever a mark is transmitted out of storage. This
ground is inverted by gate 21-H in output relav drive 222.
The ground is then appiied to gate 22-H which causes
the tongue 224T of the sending polar relay 224 to move
to the marking side at contact 224M. With 2 space of
negative signal as the output of gates 18—-H and E9-H,
gate 20-H inverts the signal and causes the tongue
224T of the sending polar relay to move to the spacing



3,388,378

13
side at contact 224S. The contacts of the relay are then
used to modulate the transmission medium. Block A
storage characters 1A, 2A, 3A and 4A are therefore read
into storage during the fifth section of time groups Z, U,
V and W respectively and are read out of storage during
the time groups U, V, W and X respectively. The same
thing happens to block B storage characters but in the next
fime block.

Sending compulter

~ The check signal, which consists of the weighted binary
sum of the marking bits in the twenty information bits
which comprise the four characters in each block, is
transmitted during the time group Y. As the four char-
acters are transmitted to the sending line 226 during the
U, V, W and Y groups they are simultaneously applied to

the sending computer counter 26 which comprises flip-

flops 77-1, 77-7, 78-1, 78-7 and 79-1. Each marking bit
which is sent from the first or fourth levels of storage is
given a binary weight of one and adds a count of one
to the sending computer counter 26. This is accomplished
by applying the first and fourth level negative marking
signals from gates 18-4 and 2i-4 to gates 76-1§ in the
counter where they are combined. The output oi gate
76-10 is then applied to the first flip-flop 77-1 of the
computer counter where the count of one is added for
each first or fourth level bit transmitted. Each marking
bit which is sent from the second or fifth levels of stor-
age 1S given a binary weight of two and adds a count
of two to the sending computer counter. This 1s accom-
plished by applying the second and fifth level marking
signals from gates 19-4 and 224 to gate 76—A where
they are combined. The output of gate 76-A is then
applied to the second flip-flop 77-7 of the computer
counter where a count of two is added for each second or
fifth pulse transmitted. Each marking bit which 1s sent
from the third level of storage is given a binary weight
of four and adds a count of four to the sending com-
puter counter 2&. This is accomplished by applying the
third level negative marking pulse from gate 20-4 to
gate 76—H and applying the ground output from gate
76—H to the third flip-flop 78-1 of the computer counter
where a count of four is added for each third pulse frans-
mitted. Note that the second and third flip-flops 77-7,

78-1 each have two inputs; one for reading in the trans- .

mitted signals and one receiving a count from the pre-
ceding flip-flop. The five flip-flops will provide a count
of thirty-two. If all twenty information bits read out of
storage were marking, a maximum count of forty would
be added to the counter. This means that total counts of
33 through 48 will be the same as counts 1 through 8 cn
the counter. |

The five computer counter flip-flops each have their
reset side output applied to the sending computer com-
puting distributor 226 which reads out serially to the
line 226 the five bit count stored in the computer counter
26.

Sending computer distributor

The five fiip-flops of computer counter 26 are con-
nected to inputs of gates 58-10, 50-A, 50-1, 58-4 and
50—7 respectively in the sending counter distributor 226.
Timing pulses “1” through “5” are also applied to these
gates respectively from timing gates 88-2, 88-4, 88-7,
87-1, 87—4 via emitter followers 83 in the sending dis-
tributor gate group 228. Since. the reset side of the com-
puter counter 26 is used as its output, a count of one
on a flip-flop will be read out as a O or space or the
sending line 2290. For example a binary count of 10101
on the counter will be read out by the sending computer
distributor 226 to the line 220 as 01010 where binary “1”
represents @ mark and binary “0” a space. The output
of the five gates mentioned above will be negative or
marking when a 0 is stored on the counter flip-flop and
the corresponding timing gate pulse is applied. The nega-
tive marking outputs of gates 50-10, 50-A, 50-1, S0-4
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and 59-7 are applied to paralleled gates 50-H and 51-H
whose output is then a ground for each marking pulse.
The marking ground output of these two gates is then
applied to gate 51-A. Time group Y from timing gate
86-1 is applied to gate 51-A which allows the marking
pulses to be read out of the computer counter 26 through
this gate only during time group Y. The output of gate
§51—A is negative for a mark and is applied to gate 51-7
which combines this check signal with the rest of the
EDAC signal for transmission to the line 220.

Note that the computer control signal coming from com-
puter control 238¢ is applied to gate 51-A. This signal
is normally a ground and will have no effect on the
computer distributor 226 during normal transmission of
the check signal. If, however, it is required to inten-
tionally error the check signal, then the computer con-
trol signal is made negative and inhibits the reading out
of the computer storage to the sending line 228. This
negative signal causes the output of gate 51-A to be
ground, which is a spacing condition, during time group
Y. An intentionally errored check signal always consists
of five spacing bits during the time group in which the
check signal is sent. Five spacing bifs can not be sent to
the line during the check signal group under normal con-
ditions because this would require that the computer
counter total be 31 or binary 11111, This condition 1s
made to be impossible by reading this condition if it ever
occurs and immediately adding a count of one to the
first computer counter flip-flop 77-1. This is done by par-
allel gates 75-4 and 75-A. The inputs to these gates are
ail ground when counter sum 11111 occurs and ils
output becomes negative and resets the first flip-flop to
the reset or O condition. This adds a count of one

~ to the computer counter sum so that the count goes from

31 to 32 automatically, The computer counier 26 is re-
sef at time “1” in timing group U which is after the
counter has been read to the line 220 but before any

new bits are applied to the counter.

Sending acceptance

The acceptance signal consists of five bits and is
transmitted during time group Z. The first bit is the rest
portion R of the EDAC signal and is produced by gate
49-1 1n acceptance distributor 31. Gate 49-1 has a nega-
tive marking output when the two grounds consisting of
timing group Z and time section “1” are applied to its
input. Timing group 2 is applied from timing gate 86—4
and time section “1” 1s applied from timing gate 88-2.
The rest bit R is therefore always a mark. The second
bit is the start portion of the EDAC signal and is always
a space. The space does have to be generated because
the absence of the generation of a marking signal dur-
ing time “2” i1n timing group Z results in a space during
that time. Under normal operation the third and fifth
bits are marking and the fourth bit is spacing. When
the acceptance signal is to be intentionally errored the
third and fifth bits are sent out as spaces and the fourth
bit 1s marking. Under normal conditions a ground will
be applied from gate 48-1 of acceptance control 38 to
gates 49-1¢ and 49-H. Gates 49-10 and 49-H will then
send out the third and fifth marking pulses in the same

manner as gate 49-1 sent out the first or rest pulse.

Gate 48-4 of acceptance control 38 applies a negative
signal to gate 49-A and inhibits a mark from being sent

out from this gate during the fourth time section. The

fourth pulse is therefore a space. When the acceptance
signal is to be errored, gate 48-1 has a negative output
and inhibits gates 49-10 and 49-H thereby sending out
a space for the third and fifth bits. Gate 48-4 is a ground
and allows the fourth bit to be a mark. The output of
the acceptance conirol 38 is provided by outputs of a
flip-flop comprised of back-to-back NOR gates 48—4 and
48-1. This ouiput controls whether a good or errored
acceptance signal is transmitted., The acceptance control

flip-flop 48-1, 48-4 is reset during every block by a nega-
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tive signal during time “1” of timing group U so that
an errored acceptance signal will be transmitted unless
the ilip-flop is set by a negative computer check pulse
received from the receiving terminal II of the EDAC
system before the acceptance signal is transmitted. The
negative marking outputs of gates 49-1, 49-10, 49-A
and 45-H are combined by parallel cates 49—7 and 48-7
which in turn combines the acceptance signal with the
rest of the EDAC signals,

Receiving signals and reading information
into storage

Referring to FIGURES 5A-35D and 9A-9G the EDAC
signal is applied to receiving polar relay 256’ which
follows the line signals. The relay contacts 250T and
Z256M close when a mark is received and apply a ground
to the output of gate 22¥—4 in an anti-bounce network
252°. Gate 1214 is part of anti-bounce flip-flop 1214,
121-7 comprised of back-to-back NOR gates 121-4 and
1Z1-7. When a space is received, relay contacts 250T
and 2305 close and a ground is applied to the output of
gate 121-7. The flip-flop follows the line signals but does
not respond to any bounce in the relay contacts. The
two outputs of the fiip-flop are amplified by emitter
followers 123-H and 123-K. The output of emitter fol-
lower 123-H will be ground when a mark is received.
The output of emitter follower 123-K will be ground
when a space is received, The idle condition of the EDAC
signal will be a steady mark. The first pulse to be re-
ceived and recognized is the start pulse S; sce FIGURE
7A. When the start pulse is received and the line goes
spacing, the input to gate 994 in receiving counter con-
trol 254’ from emitter follower gate 123-H will become
negative, This negative pulse will reverse the state of the
flip-flop consisting of gates 99-4 and $9-1. The output
of gate 99-4 will become ground and allow the receiving
distributor counter 256’ to start, The receiving distributor
counter starts in approximately the middle of the first
time section of the Y timing group which corresponds
to the middle of the receiving distributor counter’s rest
pulise. Therefore the receiving distributor counter’s start
pulse does not begin until the middle of the received
start pulse and the beginning of all the receiving dis-
tributor bits occurs in the middle of the corresponding
bit of the received EDAC signal. A read-to-storage pulse
1s produced at gate 134-4 in the receiving distributor
gates 350°. This pulse is a ground that occurs at the
irst one-sixth of each receiving distributor bit or time
section. This read-to-storage pulse therefore occurs ap-
proximately in the middle of each bit of the incoming
EDAC signal. This pulse is used to sample or read the
middle of the incoming EDAC signal as to whether the
bits being received are marking or spacing. This is done
by the pulse reader circuits 28’. The mark output of
emitter follower gate 123-H in network 252’, which is
a ground when the incoming signal is a mark, and the
read-to-storage pulses are applied to gates 122-10, 122
A, 122-H, 121-10 and 121-A in the pulse reader 28’.
Ground time pulses “1,” “2,” “3,” “4,” and “5” re-
spectively are also applied to the above gates from re-
ceiving distributor gates 135-1, 135-4, 135-7, 136-1,
136-4. Gate 122-10 therefore produces a negative pulse
waenever the first bit of each received character is a
mark. The other four gates in the pulse reader 28’ pro-
duce negative pulses whenever the second, third, fourth
or fifth received bits are marking. The outputs of these
gates are then inverted by gates 122-31, 122-4, 122-7,
123-H and 121-L and amplified by emitter followers
123-B, 123-C, 123-D, 123-E and 123-F to produce
ground pulses when marks are received. The ground
outputs of the emitter followers are labeled 1M, 2ZM,
3M, 4M, and SM and in FIGURE 9E correspond to
first, second, third, fourth and fifth marking pulses. In
the same manner as the sensing pins of the tape trans-
mitter or reader 14 applied pulses to their corresponding
levels of all eight storage levels in the sending

1

10

20

30

39

40

o
) |

60

16

storage matrices 23, Z4, the outputs of the emitter
followers 123-B to 123-F are applied to their corre-
sponding levels in all eight storage levels in the
receiving storage 29’, 3¢’. The circuitry used to read
in information to storage and read out information from
storage 1s the same for the receiving storage matrices
29°, 30’ as for sending storage matrices 23, 24, but
the timing is different. Taking storage character 1A as
an example, the read in timing pulse which is applied
to read in gates 151-A, 152-1, 153-7, 153-A and 154-1
occurs during time U of block A. This read in timing pulse
lasts for the whole U instead of just one-fifth of the
timing group as in the sending EDAC terminal 1. This
is because the ground marking pulses for the individual
storage levels 1M, 2M, 3M, 4M and SM do not all
occur at the same time as they did on the sending side,
but occur one after the other for each of the five sec-
tions of the time U. The read in time pulse is produced
by two grounds A and U applied at the input of gate
151-1 from emitter follower 14¢-11 and gate 136-7.
This produces a negative output which is inverted by
gate 151-H to produce the timing ground pulse, Char-
acters 1A, 2ZA, 3A, 4A, 1B, 2B, 3B and 4B are read
Into storage at times U, V, W, X of block A and U,
V, W and X of the block B respectively. The negative
output of the gate 151-1 is also applied to readout timing
gate 15314 in the read in-read out control 352’. Gate
1514 produces a ground read out pulse which is applied
to emitter follower amplifier gate 126-D and then applied
to readout gates 151-10, 152-A, 153-H, 153-10 and
154-10. The character is therefore read ocut of storage
at the same time that it is read into storage. This read-
out is the first of two readouts which occur from this
storage. This first readout is used to read these received
marking pulses into the receiving computer counter 32’.
The five negative outputs of the receiving storage 1A
readout gates are applied to five input gates 163-10,
163-H, 1634, 162-H, 169-4 of the block A combining
gates 260’. The five combining gates are each comprised
of two NOR gates in parallel so that they may have
four inputs, one from each of the four storage char-
acters 1A, 2A, 3A and 4A in block A storage matrix
29’. The other NOR gates are gates 168-A, 168-1, 168--7,
169-1, 169-7.

The five pairs of combining gates have their inputs
corresponding to the five levels of storage of each of
the four storage characters 1A, 2A, 3A, 4A. The nega-
tive inputs to the combining gates produce ground out-
puts whenever a mark is read out of that particular level
of storage, For Instance, when a mark is read out of
level one of storage 1A in matrix 29’ the negative out-
put of gate 151-10 i1s applied to the level one combin-
ing gate consisting of paralieled gates 168-10 and 168-A.
The output of this combining gate is then a ground. The
five outputs of the combining gates 260’ are each applied
to the computer input distributor 262’ and the delivery
distributor 264’. The computer input distributor 262’
1s timed so that it has an output to the receiving com-
puter 32" only during the time of the first readout block
A storage 29’. The delivery distributor 264’ is timed

- so that it has an output from block A storage on the

second readout from block A storage 29’. On the first
readout of the block A storage the computer input dis-
tributor 262’ produces timed reading pulses similar to
the read-to-storage pulses which are applied to gates 169—
10, 162-A, 176-10, 170-A and 170-H. The five outputs
of the block A combining gates 260’ and the five cor-
responding time section pulses “1,” “2,” “3,” “4,” «5”
are applied to the computer input distributor gates along
with the above mentioned timing pulse. This causes
gate 162-10 to produce a negative output pulse every
ttme a mark is read into level one and read out for
the first time. The other four gates produce negative
output pulses when the other four surrounding levels

cf block A storage 29" have a mark read in. The tim-
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ing pulse which is applied to the gate of computer in-
put distributor 262’ is produced by two grounds applied
to gate 170—4 from emitter follower 140-1% and gate
134-7 and by two negative inhibit signals from gates
138-16, 138-A applied to paralicled gate 170-7. The
ground inputs are designated “read to compute” and
“A.” The inhibit inputs are negative Y and Z time pulses.
Gate 178-7 has negative output pulses only during the
U, V, W and X time groups of block A. These pulses
are inverted by gate 170-1, and the ground pulses are
applied to the other gates the computer input distributor
262’.

The five negative outputs Al, A2, A3, A4, AS of
the block A computer input distributor 262’ are applied
‘to the input of the receiving computer counter 32’.
As In the sending computer counter 26, the first and
fourth marking pulse of each character A1l and A4, are
given a weight of one. Charatcer pulses A1 and A4 are
applied to gate 372—A which has a ground pulse output
and is applied to the first flip-flop 176-1 of the receiv-
ing computer counter 32’. The second and fifth marking
puises A2 and AS are applied to gate 172—-H which has
a ground output and is applied to the second flip-flop
176—-A of the counter for a weight of two. The third
marking pulses A3 are apphed to gate 173-H which
has a ground output and is applied to the third fitp-fiop
177-3 of the counter for a weight of four. At the end
of time group X and after all the bits have been read
into block A storage matrix 22’, the weight binary sum
of the marking bits wil
counter 32’. Under normal transmission conditions this
binary sum will be the same as that in the sending com-
puter counter 26. If it is not, then there has been a
transmission error caused by the adding or dropping of
bits. It can be found out if there is a transmission error
by in some way comparing the total of the sending com-
puter counter 26 with that of the receiving computer
counter 32. This is done by transmitting the increase of
the five bits of the binary sum in the sending com-
puter counter 26 after the twenty character informa-

1 be in the receiving computer -
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tion bits have been transmitted. When these five bits -

called the “computer check” are received, the binary
number represented by these five bits is added to the
recelving computer counter 32’ and under normal trans-
mission condition the binary number on the counter
will always be 11111, For example, if the fotal weighted
binary sum of the marking character in the sending and
receiving computer counters is 10101, then the inverse
of this number or 01010 will be transmitted as the com-
puter check signal. When 10101 is added to 01010 the
total is 11111, The five bits of the computer check signal
are added to the receiving computer counter 32’ in the
sanie way that the characters were read into storage.
Gaies 172-10, £72-1, 3173-A, 173-4 and 173-7 read the
five bits during the Y time group and produce negative
outputs when marks are received. These oufputs are
then applied directly to the counter as in the case of
the fourth and fifth bits by way of gates 172-A, 172-H
and 173-H in the case of the first, second and third
bits. When transmission has occurred correctly and the

receiving computer counter adds up to binary 11111,

6O

the fact is recognized by applying the set sides (ground

when “one”) of the five flip-flops 1761, 176-2, 177-3,

177-4, 178-5 to the inputs of paralleled gates 173-10

and 173-1. The output will be negative for 11111.

A read computer gate 150-16 in delivery control 36’
is also placed in parallel with gates 173-10 and 173-1 so
that the negative output for 11111 will only occur during
that portion of the EDAC signal when we want to “read
the computer.” Therefore, a negative read computer pulse
occurs during the middle of the fifth time section of fime
sroup Y when an information block has been fransmitted
correctly. This computer check pulse performs two sepa-
rate functions. One function is to set ilip-flop 48-1, 48-4
in acceptance control 38 of the sending portion of the

00
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EDAC terminal I so that a good acceptance signal may
be transmitted back along the second channel to inform
the sending EDAC terminal I that the information block
which was just sent has been received correctly; see
“Sending Acceptance” above. The other function is to
unblind the teleprinter delivery output so that the in-
formation in the receiving storage may be read out (sec-
ond read out) to the teleprinter 16’. The unblinding of the
delivery output is performed by applying the computer
check pulse to the delivery control circuits 3¢’. This is
explained below under “delivery control.”

Going back to the receiving storage 1A in matrix 29/,
character 1A is read out for the second time by the ap-
plication of negative pulse M, A to readout control gate
151-4. This produces a ground which is applied via emit-
ter follower 126-D to the receiving storage 1A read out
gates 151-10, 152-A, 153-14, 153-10, 154-10. These
gates which produce negative marking pulses at the five
inputs 1A1, A2, 1A3, 1A4, 1AS5 to the block A com-
bining gates 260, This second readout occurs after the
EDAC characters have been all read into storage and the
receiving computer counter 32’ has been read. As ex-
plained before each of the five outputs of the combining
gates are ground when a mark is read out of its associated
bit level in storage. The output of the combining gates are
applied to five gates 202-10, 202-A, 202-4, 203-4, and
203-A, in the delivery distributor 264’. Delivery time
pulses “1” through “5” are applied to these gates to dis-
tribute the five bits in time sequence. The negative mark-
ing cutputs of these gates along with the negative rest
pulse are combined by parallel gates 202-H and 203-19
to produce a ground marking teleprinter signal. This sig-
nal is applied to gates 203-1 and 205-H in delivery relay
drive 272’ to drive the delivery output polar relay 274’
connected fo teleprinter 16”. The signal is also applied to
gates 206-1 and 296-10 in the delivery (clear) relay
drive 271’ to drive the delivery (clear) output polar relay
276’. This drive is blinded (steady mark) by the delivery
control output when a block of characters which contain
an error is read out of storage. This is done by applying
the output of the delivery control 3é” to gates 266-4 and
206-H in delivery relay drive 271’. The delivery control
output is normally ground but is negative for those de-
livery time blocks which are to be inhibited or not de-
livered. After delivery, the storage block is reset by a
reset pulse from gate 125-1 and emitter follower 126-B
in reset storage block A circuit 36%.

Delivery control

Under normal conditions the output of the delivery con-
trol 36" will always be a ground. The normal conditions
are when there are no transmission errors and the receiv-
ing computer counter 32’ compares correctly during every
receiving block and a negative read computer pulse is
therefore formed after the reception of each block of in-
formation. Under abnormal conditions, when an error
occurs, a read computer pulse does not occur and this
causes the delivery control signal to immediately become
negative and make the delivery output (clear) to the tele-
printer 16’ a steady mark so that the errored information
in the receiving storage 29’ or 3¢’ is not read out to the
teleprinter 16’. The delivery control signal remains nega-
tive for a time equivalent to the length of time required
to read out two storage blocks or a multiple of two stor-
age blocks. If an error occurs in the reception of block A,
then a read computer pulse will not be produced during
block A and the output of the delivery control 36" will

 remain negative until a block A is received correctly and

70

does produce a read computer pulse. Even though a read
computer pulse may be received during reception of block
B the negative delivery control signal will not be removed
until the read computer pulse occurs during block A, If
block B storage was originally errored, the same situation
would occur and the delivery control signal would remain
negative until block B storage was received correctly at
matrix 3¢’,
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The negative read computer pulse is inverted by gate
150-16 whose output is applied to gates I50-H and
130-A. When gate 150-H has three grounds appliad to its
input, it will have a negative output pulse. This pulse
occurs at the same time as the read computer pulse but
only during the receiving of block A. The output of gate
150-A will also be a negative pulse which occurs at the
same time as the read computer pulse but only during re-
cerving of block B. The cutputs of gates 158-H or 158-A
therefore have negative outputs which indicate wheiher
the information block A or B respectively has been re-
ceived correctly. The negative output of gate $59-H is
applied to gate 148-4 of a flip-flop consisting of back-to-
back NOR gates 148-4 and 148-1. This seis the fiin-flop
which stores and indicates the fact that storage block A
has been received correctly, The negative output of gate
148-1 of the set flip-flop is applied to gate 149-4. This out-
put is the delivery control signal and is therefore osround
when the receiving storage block A is received corectly.
Once block A has been delivered to the teleprinter from
storage, matrix 29’ the delivery block A timing input to
gale 148-1 of the flip-flop turns negative and rescts the flip-
flop so that the output of gate 148-1 is now a ground. The
delivery control signal will now be negative unless the
other input to gate 149-4 becomes negative. The other in-
put to gate 149-4 comes from gate 158-4 which has the
- 1dentical circuitry associated with it as gate 1481 except
that this indicates when storage block B has been received
correctly. Since the read computer pulse which sets the
flip-flops occurs exactly at the beginning of the delivery
block A and block B timing, then either one or the other
of the two inputs to gate 149-4 will be negative at all
times under normal operating conditions and the output
of gate 149-4 or the delivery control signal will always
be a ground.

Parallel gates 145-7 and 148-7 and gate 148—-H com-
prise a back-to-back NOR gate flip-flop which indicates
which receiving storage block was the last one to be re-
ceived correctly. For example, when block A is received
correctly for storage at matrix 29’, the negative output
of gate 148-1 is applied to gate 148-7 of the flip-flop and
therefore the output of sate 148—H will be negative when-
ever block A is received correctly. In a like manner, the
output of gate 150-4 is applied to gate 148—H of the Hip-
flop and therefore the output of gate 148-7 will be nega-
tive whenever block B is received correctly from matrix
30. The output of gate 148—H is therefore negative and
1s applied to gate 158-H and the output of gate 148-7 is
ground and is applied to gate 150-A. If block B is now
recetved correctly, there will be three grounds at the in-
put of gate 150-A, its output will be negative and opera-
tion of the delivery control 36’ will be normal. If, how-
ever, block B is not received correctly then the delivery
control signal will become negative for the time duration

of delivery of block B, and block B will not be delivered !

to the teleprinter 16’. If after this block A is recejved cor-
rectly, the negative input to gate 156-H from gate 146-H
will inhibit or prevent the output of gate 150-H from
going megative, the fact that block A was receijved cor-
rectly will not be recognized and the output of the deliv-
ery control 36" will also remain negative for the time of
delivery block A. The delivery control signal will there-
fore become ground again only when block B is received
correctly again. The flip-flop consisting of gates 145-7,
143-7 and 148-H therefore insures that information which
is delivered to the teleprinter 16’ comes alternately from
block A and block B storage matrices 297, 38'. Saying
it in another way if one of the storage block matrices 29,
39" receives information incorrectly, that information and
any subsequent information received by the other stor-
age matrix whether correct or incorrect, will not be de-
livered to the teleprinter 16’ until the first storage matrix
receives its information correctly.

The output of gate 150—-H is applied to gate 148-H to
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prevent a racing condition, It prevents the negative out- 75

&0
put of gate 148-H from being applied to gate 150—H while
the output of gate 3150-H is negative.

Load control

In the sending terminal I shown in FIGURES 5A, 5A
and 8A-8F, the stepping of the tape reader 14, the re-
setting of the sending storage matrix 23, 24, the reading
into the storage matrices anf the intentional errormg of
the computer check signal are all controlled by load con-
trot circuit Z2. The load control circuit acts in accordance
witn the acceptance signal which is received from the
otiier EDAC terminal II. If the acceptance sienal is re-
ceived correctly, the load control circuit 22 will reset
the appropriate storage matrix 23 or 24; step the tape
reader 14 four times; read each of the four characters on
the tape 20 into storage in matrices 23, 24 and permit
normal transmission of the computer check signal. If the
acceptance signal is received incorrectly, the load control
will prevent the resetting of the storage matrices 23, 24;
prevent the tape reader 14 from stepping; prevent the
reading in of any additional information into storage and
intentionally error the computer check signal by transmit-
ting five spacing bits as the computer check signal. As in
the delivery control circuit 36’ of the receiving terminal
I1, the load control 22 of sending terminal I will respond
only to reception of good acceptance signals in alternate
time blocks A and B. If a bad acceptance signal is received
1n one time block, the load control will recognize all ac-
ceptance signals subsequently received during the other
time block as bad until a good acceptance signal is re-
cetved during the first {ime block.

The acceptance signal is received at terminal I and
read by the acceptance read circuit 34 at terminal I shown
in FIGURES 5B, 8C. Details of this circuit are the same
as those of circuit 34’ shown in FIGURE 9A to which
reference is now made. A good acceptance signal con-
sists of five bits. The first, third and fifth bits are marks
and the second and fourth bits are spaces as stated under
“sending acceptance” above. The first bit of the acceptance
signal which occurs in the Z time group is read by gate
1244 of circuit 34. The two ground inputs to the gate are
SZ and IM. If the first bit received in the Z time group
1s a mark the output of gate 124-4 will be a negative pulse.
The R signal will therefore be negative when the first bit
of the acceptance signal RSCCC is received correctly. The
other gates of the acceptance read circuit 34 read the sec-
ond, third, fourth and fifth pulses to determine if they
have been received incorrectly. In other words, they read
to ascertain if the second and fourth bits are marks and
iIf the third and fifth bits are spaces. If any one of these
bits is read to be incorrect then a negative pulse appears
at the output of gate 124-7. Gate 124-10 has a negative
output when the third bit is a space. Gate 124—-A has a
regative output when the fifth bit is a space. Gate 122-A
1n pulse read circuits 28 of terminal I has a negative output
when the second bit is a mark. This gate is shown in FIG-
URE 9E where the details of pulse read circuit 28’ are
the same as in pulse read circuit 28. Gate 121-16 has a
ncgaitve output when the fifth bit is a mark. The outputs
of acceptance read gates 124-18, 124—-A, 122—-A and 121—
10 are applied to the inputs of paralleled gates 1z4-1
and 124-H. The output of these paralleled gates is a
ground for any second or fourth bits marking and for
any third of fifth bits spacing. This ground is applied to
the input of gate 124-7 along with the time, group Z
pulse to produce a negative output SC at gate 124-7 for
any incorrect second, third, fourth or fifth bit in the re-
ceived acceptance signal.

Referring now to the load control 22 of terminal I a«
shown in FIGURE 8A, paralleled gates 71—A and 71-H
and gate 71-7 comprise a back-to-back NOR gate flip-
iiop. ‘The flip-flop is reset at time “1” in timing group Y
by the negative output of gate 76—4 being applied to gate
71-H of the flip-flop, thereby causing the output of gate

71-T7 of the flip-flop to be negative. This output is called
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the RSCCC acceptance signal. The R signal from the ac-
ceptance read circuit 34 at terminal I is applied to gate
71-7 of the flip-flop. If the first bit of the acceptance sig-

nal is received correctly (marking) the R signal will be

a negative pulse and will set the flip-flop to make the out-
put of gate 71-7 a ground. If the other four bits of the
acceptance signal are received correctly the input SC to

gate 71—-H will be a steady ground and the flip-flop will

remain set with a ground output at gate 71-7 indicating
that the acceptance signal received was good. The flip—fiop
will then be reset “bad” at time “1” in timing group Y
of block A and will be ready to read the next acceptance
siecnal. If any one of the remaining four bits of the ac-
ceptance signal is incorrect, the output SC of gate 124-7
will have a negative pulse which is applied fo gate 71-H
of the flip-flop. This will immediately reset the flip-flop to
“bad” and cause the output of gate 71-7 to be negative
indicating that the acceptance signal was received incor-
rectly. |

The RSCCC acceptance signal output of gate 71-7
is applied to gates 68—-A and 68-H in load control 22.

Parallel gates 68—-H and 73-A have a timing input at
time “514” the output of gate 68—H will be negafive if
the acceptance signal was received correctly during block
A. Note that this reading of the RSCCC acceptance signal
occurs immediately before the RSCCC accepance flip-
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flop 71-A, 7T1-H, 71-7 is reset at time “1” in timing .

group Y. The negative pulse output of gate 68-A indi-
cates that a correct acceptance signal has been received
during sending block B. This means that the information
previously transmitted during sending block A was re-
ceived at the other EDAC terminal II correctly and that
the loading of the following block A may proceed nor-

mally. The negative output of gate 68—-A is applied 10

oate 68—4 which sets the flip-flop consisting of back-to-
back NOR gates 68—4 and ¢8-7. When the fiip-flop 1s
" s«t the output Load A of gate 68—4 is a ground, This

oround allows three functions to take place: (1) It al-
lows the tape reader 14 to step. (2) It allows block A

sending storage matrix 23 to be reset. (3) It allows new
information to be read into block A sending storage
matrix 23 as described above in “Loading Information
From Tape.” o

Gates 72-H and 72—-A comprises a back-to-back NOR
oate fiip-flop which indicates during which sending block
the last good acceptance signal was received. When the
acceptance signal is received correctly during sending
block B the negative output of gate 68-7 is applied to
pate 72-H which causes the output of gate 72—A to be
negative. After the three aforementioned functions which
are produced by the grounded Load A signal are com-
pleted, the Load A flip-flop 68-4, 687 is reset by a neg-
ative pulse being applied by gate 68-10¢ to gate 68-7 dur-
ing time AX.

Gates 68-H, 73-A, 69-H and 69-7 and 69—4 perform
the identical functions for reading the acceptance signal
during block A as gates 68-A, 73-10, 68-10, 68-7 and
68—4 do for reading the acceptance signal during block B.

The negative output of gate 72—-A is applied to gate
73-10 so that when a good acceptance signal is read dur-
ing block B no subsequent acceptance signals can be
read as correct during block B unless a good acceptance
signal is first read during block A. This performs the
same function as gates 148-7 and 148-H performed in
the delivery control circuit 36’ at terminal II; see “De-
livery Control” above. The fiip-flop consisting of gates
72-H and 72-A therefore insures the Load A and Load
B ground signals occur alternately and that two consecu-
tive Load A or two consecutive Load B signals will never
OoCcur. |

The negative outpui of gate 68—A is applied to gate
72—-A to prevent a racing condition. It prevents the nega-
tive output of gate 72-A from being applied to gate
73—10 while the output of gate §8—A is negative,
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Computer control

Under normal conditions the computer control signal
which is applied to the sending computer distributor
226 from computer control circuit 230 in terminal I is
a ground during the time of transmission of the coem-
puter check signal. This ground has no effect on the

~transmission of the signal. Normal conditions mean that

all the acceptance signals received from terminal I1i
are good and that alternate L.oad A and Load B signals
are produced by the load control circuits 22 during alter-
nate sending signal blocks A and B. If however, a bad

acceptance signal is received from terminal II then the

transmission of the computer check signal from terminal
II then the transmission of the computer check signal
from terminal I must be intentionally errored by apply-
ing a negative computer control signal to the sending
computer distributor 226 during the time that the next
computer check signal is {o be transmitted. If a bad ac-
ceptance signal is received twice in succession at send-
ing terminal I, then the second computer check signal
transmitted must not be errored. In general, if the ac-

ceptance signals are received bad for a number of con-

secutive blocks, then the computer check signals trans-
mitted must be intentionally errored only during alter-
nate blocks. The computer control circuits 230 periorm
this function.

Under normal conditions the computer check signal
which is transmitted during sending block B occurs when
a good acceptance signal has been received during send-
ding block B and the output of gate 72—-H in the load
control 22 is a ground. This ground is applied to gate
727 in computer control 230, together with the ground
from time block B to produce a negative output. The
negative output of gate 72-7 is applied to gate 72-4
whose output is ground. This grounded output is the
computer control signal and allows normal transmis-
sion of the computer check signal to terminal II. In a like
manner gate 72—1 has a negative output during transmis-
sion, of the computer check signal in sending block A
when a good acceptance signal has been received 1n
sending block A. The negative output of gate 72-1 1is
applied to gate 72-4 to produce the grounded computer
control signal.

When a bad acceptance signal i1s received, the flip-flop
consisting of gates 72-H and 72-A in the locad control
remains in the same condition for at least an addittonal
two time blocks. Since the outputs of the fiip-fiop are ap-
plied to gate 72-7 and 72-1, then when the block inputs
A and B which are applied to these same gates change
in polarity during the time blocks when the bad ac-
ceptance signal is received, gates 72-7 and 72-1 each
have a negative signal applied to them. This causes the
outputs of both of these gates to be ground at the time
when the computer check signal is to be transmitted.
Since both of these grounded cutputs are applied fo gate
72—4, then the output of gate 72—4 will be negative and
the computer control signal will be negative at this time.
This will intentionally error the computer check signal.
During the next time block, the block A and B time
sienals will again change in polarity and since the flip-
flop consisting of gates 72-H and 72—-A has still not
changed its state, then the computer control signal will
revert back to a ground and the next computer check
signal will not be intentionally errored. This alternate
transmission of good and intentionaily errored computer
check signals will continue until a good load or Load
B signal is received which will bring the sending circuits
back to normal conditions,

EDAC timing, counters, and controls

The EDAC oscillator 282 or 282" control the speed
of operation of EDAC apparatus at the terminals I and II
respectively. For 100 words per minute, 7.5 bit operation,
the oscillator frequency will be 111,597 cycles per sec-
ond. The oscillator may be crystal controlled and transis-
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torized. The crystal may be mounted in an oven for tem-
perature stability. Oscillator 282 drives a common binary
counier 284 or 284’ consisting of four flip-flops 96-1,
96-7, 97-1, 97-7 which divide the oscillator frequency by
sixteen, see FIGURE 9E. The output of the common
counter 284 is applied to sending counter control circuit
266 and to the receiving counter control circuit 254.

The sending counter control circuit 286 applies the sig-
nal from the common counter 284 to the sending distribu-
tor counter 288. A fiip-fiop consisting of back-to-back
NOR gates 98-1 and 38-4 controls the signal: see FIG-
URE 8C. When start-stop switch 290 is START position
a ground is applied to the output of flip-flop gate 98—4
wilch is applied to the input of gate 98-7 together with
the output of the common counter 284. Gate 98—7 thereby
inverts the common counter signal and applies it to the
sending distributor counter 288. When the start-stop
switch 299 is thrown to STOP position, a ground is applied
to gate 25-10. This gate will have a negative output which
Is applied to gate 98-1 of the flip-flop. The flip-flop
changes its state and the negative output of gate 98—4
which is applied to gate 98—7 causes cate 98—7 to have
a steady ground output and the sending distributor counter
288 stops.

Receiving counter control 254 or 254’ applies the signal
from the common counter 284 or 284’ to receiving dis-
tributor counter 256 or 256’. This operates in the same
manner as the sending counter control 286 or 286’ with
two exceptions. First, the signal is applied at the first spac-
ing pulse received after throwing the switch 290 to START
position. The spacing pulse is a negative mark signal which
is applied to gate 99-4 to flip the flip-flop, see FIGURE
OE. Second, the signal is removed at “STOP” time in
block B after throwing the switch 299 to the STOP posi-
tion instead of at time “1” in timing group Z, block B.
The STOP pulse is produced by gate 133-1 in the receiving
distributor gates 350 or 350’; see FIGURE 9D.

The sending distributor counter 288 or 288’ is a binary
counter and consists of fourteen flip-flops; see FIGURE
8B. The last flip-flop 133—1 times the sending blocks A and
3-and produces the A and B timing signals at emitter fol-
lowers 90-4, 90-5 respectively. Flip-flops 110-1, 111-1
and 112-1 time the six time groups U, V, W, X,Yand Z
in each block A and B and produce U to Z timing signals
via emifter followers connected to gates 86-H, 85-10,
83-A, 87-H, 86-1, §5-4 in the sending distributor gates
228. Flip-filop 107-1, 108-1 and 109-1 time the five time
sections or bits “1,” “2,” “3.° “4” and “5” in each timing
group and produce timing signals via emitter followers at
gates 85-10, 88-A, 88-H, 87-10, 87-A. Fhip-flop 166-1
designates the one-half section or bit at output 106A.

The receiving distributor counters 256, 256’ are ar-
ranged and operate exactly like the sending distributor
counters 288, 288" with the exception that a feedback loop
may mementartly be added or a feedback loop may
momentarily be removed from the counter 256 or 256’
to change, in effect, the frequency of the oscillator 282 or
282°, This is done by receiving counter advance-retard
control 292 or 292'. In sending distributor counters 288
and 288’ there is a feedback loop from flis-flop 185-A
to the A.C. reset of fiip-flop 1060-1, and there is no feed-
back loop from flip-flop 161-1; see FIGURE 8B. In the
recetving distributor counter 256 or 256’ the feedback loop

rom fiip-flop 1865-H to flip-flop 100-7 corresponding to
sending counter fiip-flops 185-A and 1011, is not directly
connected but first goes through emitter follower 139-D
and then through gates 131-4 and 141-1 in the advance-
retard control circuit 292. The other input to gate 1314
comes from the retard flip-flop 129-A and is normally a

ground so that it does not interfere with the transmission -

of the fecdback loop through gates 131—1 and 131-4. The
output of flip-flop 106-H is applied through emitter fol-
lower 139-F to gate 131-7 in the advance-retard control
292 in 292'; see FIGURE 9E. The output of the advance
filp-flop 129-7 is. normally negative and is also applied
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to gate 131-7 is applied to the A.C. reset of flip-flop 101-7
but since it is a steady ground, it has no effect on the
counter. The normal reset condition of the advance retard
fiip-flops is produced by applying a grounded “end correc-
tion” pulse from gate 131-10 in receiving gate group 350
or 399" to the A.C. resets of the flip-flops.

the receiving distributor counter 256" at terminal II is
started when the first spacing signal is received. This is
the start pulse received from the transmitter 18’. The
counter starts at the middle of the R section of the EDAC
recelving distributor signal when the STOP pulse received
from gate 133-1 had previously stopped the counter 256’.
Under operating conditions where the oscillator frequen-
cies of the two EDAC terminals I and II are exactly the
same the rest-start (mark-space) transition of the received
EDAC signal at terminal II will always occur in the middle
of the R section of receiving distributor counters 256 and
256" where the STOP pulse is produced. Under these con-
ditions, the advance and retard flip-flops 1269-7, 129-A
will always remain reset and the feedback loops in the
sending and receiving distributor counters at both ter-
minals will be the same.

If the oscillator 282’ at slave terminal II has a slightly
lower frequency than oscillator 282 at the master terminal
I, the rest-start transition of the received line signal will
drift in time with respect to the receiving distributor
signal so that the transition will occur before the middle
off the R section of the receiving distributor and adding
or removing the aforementioned feedback loops to in-
crease or decrease the speed of the receiving counter.
The SPACE signal or output of emitter follower 123-K
in anti-bounce network 252’ follows the received line
signals and is ground when a space is received. This
signal, which contains the rest-start transition, is applied
to the set inputs of the advance and retard flip-flops 129-7,
129-A. A ground “retard” signal is applied to the set
pedestal of the retard flip-flop 129-A and a ground “ad-
vance” signal is applied to the set pedestal of the advance
filp-flop 129-7. The retard signal or gating pulse occurs
after the middle of the R section and if the rest-start
transition occurs during this time, then the frequency of
receiving oscillator 282’ is too high and the retard flip-
flop 123-A sets. This applies a negative signal to gate
131-4 and removes the feedback loop from flip-flop
105-H to flip-flop 100-7. The removal of the feedback
loop slows down the receiving distributor counter 256’
and in effect lowers the frequency of the oscillator 282’
The “advance” signal or gate occurs before the middle
of the R section and if the rest-start transition occurs
during this time, then the receiving oscillator frequency
is too low and the advance flip-flop 129-7 sets. This
applies a ground instead of a negative signal to gate
131-7 and adds a feedback loop from flip-flop 106-H
to flip-flop 191-7. The addition of this feedback loop
speeds up the counter 256’ and in effect increases the fre.
quency of the oscillator 282’, The “end correction” pulse
resets the advance and retard flip-flops 129-7, i29-A
during the time section following the R section.

The outputs of sending distributor gates 228 are timing
gale pulses produced by inputs from the sending dis-
tributor counter 288 at terminal I when MASTER-SLAVE
switch RS is in MASTER position. The timin g gate groups
or pUISeS A’ B, U} V, W, X, Y, Z, “1,“ uz:a ::3:: ::4;:
"5” and “¥4” are produced. When switch RS or RS’ at
terminal T or II is in the SLAVE condition, the timing
gate pulses are produced by the recetving distributor
counier 256" mnstead of the sending distributor counter
288’, as a result of setting switch RS or RS’ to SLAVE
position. Then as a result of inputs from counter 256,
there are obtained at the receiving distributor gates 258’,
the timing gate pulses or gate groups: A, B, UV, w,
X, Y, Z, “1,7 “27 «“37 w4 «5 > ADVANCE, RETARD,
END CORRECTION, RESET, READ TO STORAGE,

75 READ TO COMPUTE, READ COMPUTER, DELIV-
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ERY RESET and STOP. The receiving gate outputs are
distinguished from sending gate outputs in the drawing
by primed numbers, letters or symbols which are the
same as the corresponding outputs of sending distributor
gates 228 or 228'.

The delivery distributor counter 294, 294’ at each
terminal is a binary counter and consists of seven ilip-
flops 114-1, 114-7, 115-1, 115-7, 1161, 2167, 127-1.
The counter is driven by the output of flip-flop 185-H
which 1s in the receiving distributor counter 258°. The
output of the flip-flop 3165-H is one fourth of the EDAC
baud rate. Flip-flop 117-1 designates the timing blocks

10

A and B. Flip-flops 116—-1 and 1167 designate the four
character delivery time groups M, N, O, P in each block;

see FIGURES TA, 7B. A character is delivered to the
teleprinter 16" during each one of these groups. Flip-flops
1141, 114-7, 115-1 and 115-7 designate seven time
sections R, S, “1,” “2,” “3,” “4,” “§” in each group. The
delivery blocks A and B each start when the read com-
puter gate pulse is produced by gate 138-H during the
corresponding receiving blocks A and B. The delivery
time blocks A and B are of the same time duration as
the receiving time blocks A and B. The delivery blocks
are kept in the proper phase with respect to the receiv-
ing blocks A’ and B’ by applying a delivery reset pulse
to the delivery distributor counter 294" to reset all the
flip-flops. This synchronizes the delivery distributor count-
er with respect to the receiving distributor counter 25§,
The delivery reset pulse is produced by the STOP gate
pulse during receiving block B. Since the read computer
pulse occurs during different time groups depending on
whether operation is as a master or slave terminal and
since the fime group in which the STOP gate pulse is pro-
duced also changes, then the delivery reset synchronizing
- pulse must be applied to the delivery counter 294 or
294" s0 as to set the delivery counter flip-flops to a cer-
tain condition when the terminal is operated as a master
terminal and to another condition when operated as a
slave terminal. In the master condition, the negative
delivery reset gate pulse occurs in the receiving Y time

group. The delivery reset pulse is inverted by gate 81—
and the ground output is applied to gates 81-18 and 8§1-4.

Gate §1-19 has receiving time group Y applied to it and
gate 81-4 has receiving block Z applied to it. Therefore in
the master condition only gate 8i—16¢ will ever have two
grounds applied to its input at the same time and have
a negative output. In the slave condition, the delivery
reset pulse occurs during the Z time group and only gate
81-4 will have a negative output. The negative output of
gates 8119 and 81-4 are applied to the delivery dis-
tributor counter 294’ to set the flip-flops to the proper
condition. |

‘The outputs of delivery distributor gates 340 are timing
gate pulses produced by inputs from the delivery dis-
tributor counter 294 or 294’. These timing gate pulses
are: MA, NA, OA, PA, MB, NB, OB, PB, R, “1,” “2,”
“3,7 “4” and “5”; see FIGURES 7A, 7B. The delivery
gate pulses are distinguished from the sending and receiv-
ing gate pulses on the logic diagrams by double prime
numbers, letters and symbols corresponding to the un-
primed, and primed symbols of the sending and receiv-
ing gate pulses respectively. |

In the slave condition of an EDAC terminal the in-
puts to the sending distributor gates 228 or 228’ come
from the receiving distributor counter 256 or 25§’ in-
stead of the sending distributor 288 or 288’. The time
groups in which the EDAC functions are performed are
different in the slave condition than in the master condi-
tion. The master-slave switch RS or RS’ transfers the cir-
cuits to make the necessary changes.

For testing purposes, the sending section of either ter-
minal EDAC may be made to send to its own receiving
section. This is done by throwing the test-normal switch
382 in gate circuits 356 or 358’ to test position and by
throwing the master-slave switch RS or RS’ to.the master
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position. In test position switch 392 reverses the receiv-
ing of Y and Z time groups so that the receiving section
of the EDAC terminal under test will function as it would
in a slave terminal while the sending section of the ter-
minal acts as it would in a master terminal, This simulates
the actual transmission of information from a master
EDAC terminal to a silave EDAC terminal. |

The sending mode switch SMS, SMS’ (see FIGURES
5A, 5D, 8F) allows the output to come from either
tongue 224T of the sending polar relay 224 in relay posi-
tion of the swiich or directiy from gate 28—H in electronic
position of the switch, Gate 20-H in the output relay
drive 222 or 222’ will send a negative 12 volt marking
and a ground spacing signal,

The receiving mode switch RMS or RMS’ (see FIG-
URES 58, 5C, 9A) allows the input signal to be applied
to the coils of the 230 or 258" in relay position of the
switch receiving polar relay or directly to the input of
gate 121-4 in electronic position of the switch.

It would be well at this point to summarize some of
the important features of the EDAC system described in
detail above. It will be understcod that ten bits of the
conventional teieprinter signal block are replaced in the
EDAC signal block by an accept-reject signal or char-
acter utilizing five bits and a check signal or character
utitizing five bits. The accept-reject signal and the check
signal are inserted in the EDAC signal block so that the
EDAC signal block and the signal block delivered to the
teleprinter have the same number of bits and the same
baud rate. This enables continuous transmission of new
information and delivery to the teleprinter of received in-
formation under no-error operating conditions. -

Reception of a bad check signal will cause the de-
livery control circuits to prevent delivery of two con-
secutive blocks to a teleprinter. This will occur whether
or not the check signal received during the receipt of the
second block is good or bad. The delivery control cir-
cuits will not allow any signal block to be delivered to
the teleprinter until a gocd check signal is received in the
block that was previously received as bad or erroneous.

Reception of a bad accept-reject signal (a rejection
signal) by the terminal I from the terminal II always
causes two consecutive blocks to be retransmitted over
and over again until a good (error-free) accept-reject sig-
nal is received at the terminal I in response to receipt of
a signal block which was previously received in bad (er-
roneous) condition. At the same time the check signal
of every other block which is transmitted is intentionally
errored at terminal I. The deliberate introduction of an
error 1nto the check signal of the next block transmitted
following receipt of a bad accept-reject signal for a pre-
ceding block prevents the second terminal from deliver-
ing twice to the teleprinter the same error-free signal
block. When a condition occurs in which the informa-
tion was actually recetved correctly at terminal II but the
accept-reject signal was received as erroneous at terminal
I due to an error occuring in tfransmission of the accept-
reject signal to terminal I, then the deliberate introduc-
tion of an error into the next check signal sent from
terminal I will cause the delivery control circuits at ter-
minal II to prevent two consecutive signal blocks from
being delivered to the printer.

When terminal II receives errored information in a
signal block, a bad accept-reject signal is sent back to
terminal I to effect retransmission of that signal block
and the next signal block; but since the bad accept-reject
signal is due to incorrectly received information and not
due to an error in fransmission of the accept-reject sig-
nal, then it does not matter whether the transmitted
check signal of the following signal block is intentionally
errored or not, because it will not be delivered to the
teleprinter at terminal I in either case.

The method of adding or subtracting feedback paths
in the receiving counter at the slave terminal to change,

in effect, the oscillator frequency, keeps the receiving dis-
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tributor counter at the slave terminal in synchronization
with the EDAC signal being received at the slave ter-
unal. This advance-retard control thus keeps the slave
terminal operating in synchronization with the master
terminal.

When the computer check signal is intentionally er-
rored, five spacing bits are transmitted. This is alsoc what
would be transmitted and received if the signal was not
intentionally errored, but the transmission medivm faded
and the signal was lost.

In the EDAC system only one control signal is used
for cach signal block. The signal block must be accepted
as correct at a receiving terminal before the signai block
can be released from storage at the sending terminal,

The routine followed to correct apparent errors is to
deliberately error the check information and thus effect
cancellation of a signal block if the preceding signal
bleck has not been accepted as correct. This pattern of
transmission and reception is repeated until a particular
signal block is accepted. This routine catches all possi-
bilities of circuit failure in either direction of transmis-
sion.

In the EDAC system 1t 1s not necessary to stop flow
of traffic in the direction of transmission opposite to that
in which an error occured. The EDAC system further in-
cludes an arrangement of two receiving outputs for de-
livering all trafiic received for monitoring or test pur-
poses on one output, with provisions for blanking the
output of erroneousiy received blocks to receive only
correct, error-free blocks at the other output.

What 1s claimed is: |

1. An error detection and correction communication
system, comprising:

(a) first and second transceiver terminals;

(b) means for generating successive blocks of signal

data at the first transceiver terminal;

(c) first storage means at the first terminal for storing
the successively generated blocks of signal data;

(d) signal transmission means at the first terminal for
transmitting the successive blocks of data to the sec-
ond terminal while the stored blocks are retained in
the first storage means;

(e) computer means at the second transceiver termi-
nal for checking each received block of signal data
for errors; |

(f) accept-reject signal generating means at the second
terminal for transmitting to the first terminal selec-
tively acceptance signals indicating receipt of error-
free blocks of signal data, and rejection signals indi-
cating receipt of erroneous blocks of signal data;

(g) second storage means at the second terminal for
storing received blocks of signal data;

(h) recording means at the second terminal for record-
ing received blocks of signal data;

(i) delivery means at the second terminal for deliver-
ing received blocks of signal data from said second
storage means to the recording means;

(j) delivery control means at the second terminal re-
sponsive to an erroneous condition of a prior re-
ceived block of signal data to prevent the delivery
means from passing a next recetved error-free block
of sienal data to the recording means, said delivery
control means effecting cancellation of the received
error-free block of signal data from said second stor-
age means while the first terminal retransmits the
prior block of signal data, and whereby transmission
of the next block of signal data to the second termi-
nal is repeated after retransmission of the prior block
of signal data;

(k) first circuit control means at the first terminal re-
sponsive to receipt of an acceptance signal from the
second terminal indicating receipt of each error-free
block of signal data, and effective to clear that par-

ticular block of signal data from the first storaee
means;
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(1) error signal generation means at the first terminal
for introducing an error in a subsequent block of
signal data transmitted to the second terminal after
a rejection signal is received from the second termi-
nal indicating that the preceding transmitted block
of signal data has been received in erroneous condi-
tion; and

(m) second circuit control means at the first terminal
responsive to receipt of a rejection signal indicating
that the preceding transmitted block of signal data
has been received in erroncous condition to retain
stored in the first storage means the subsequently
transmitted block of signal data until an acceptance
signal is received at the first terminal indicating that
the retransmitted preceding block of signal data has
been received at the second terminal in error-free
condition.

2. An error detection and correction communication

system, comprising:

(2) first and second transceiver terminals;

(b) means for generating successive blocks of signal
data at the first transceiver terminal;

(¢) first storage means at the first terminal for storing
the successively generated blocks of signal data:

(d) signal transmission means at the first terminal for
transmitting the successive blocks of data to the sec-
ond terminal while the stored blocks are retained in
the first storage means;

(e) computer means at the second transceiver terminal
for checking each received block of signal data for
eITOrs;

() accept-reject signal generating means at the second
terminal for transmitting to the first terminal selec-

ively acceptance signals indicating receipt of error-
iree blocks of signal data, and rejection signals indi-
cating receipt of erroneous blocks of signal data:

(g) second storage means at the second terminal for
storing received blocks of signal data;

(h) recording means at the second terminal for record-
ing received blocks of signal data;

(1) delivery means at the second terminal for deliver-
ing received blocks of signal data from said second
storage means to the recording means;

(j) delivery control means at the second terminal re-
sponsive to an erroneous condition of a prior received
block of signal data to prevent the delivery means
from passing a next received error-free block of sig-
nal data to the recording means, said delivery con-
trol means effecting cancellation of the received
error-iree block of signal data from said second stor-
age means while the first terminal retransmits the
prior block of signal data, and whereby transmission
of the next block of signal data to the second termi-
nal 1s repeated after retransmission of the prior block
of signal data;

(k) error signal generation means at the first terminal
tor introducing an error in a subsequent block of
signal data transmitted to the second terminal after
a rejection signal is received from the second terminal
indicating that the preceding transmifted block of
signal data has been received in erroneous condition;
and

(1) circuit control means at the first terminal respon-
sive to receipt of a rejection signal indicating that
the preceding transmitted block of signal data has
been received In erroneous condition to retain stored
in the first storage means the subsequently trans-
mitted block of signal data until an acceptance sig-
nal is received at the first terminal indicating that
the retransmitted preceding block of signal data has
been received at the second terminal in error-free
condition.

3. An error detection and correction communications

system according to claim 1, wherein the delivery means
at the second terminal includes means for disabling the
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recording means after recording a particular error-free
block of signal data to prevent said recording means from
re-recording the particular error-free block of signal data,
and for reactivating the recording means to record the
next received error-free block of signal data,

4. A error detection and correction ¢o

system, comprising:

(a) means for generating at a first terminal succes-
sive blocks of signal data, each block consisting in
order of information signal bits, check signal bits and
accept-reject signal bits;

(b) means for transmitting the successive blocks to a
remote second terminal; |

(c) means for generating at the second terminal other
successive blocks of signal data, each of the other
blocks consisting in order of a check signal for the
preceding block received from the first terminal, in-
formation signals, and of an accept-reject signal for
the last block received from the first terminal; and

(d) means for transmitting the other blocks of signal
data to the first terminal so that the check signal is
transmitted from the second terminal o the first ter-
minal at the beginning of each next succeeding block
transmitted by the first terminal to the second ter-
minal, and so that the accept-reject signal arrives at
the first terminal before the generation and trans-

mission thereat of the check signal bits of the next
block, whereby an error can be introduced into the
check signal bits of the next block transmitted by
the first terminal following receipt by the second
terminal of an erroneous block from the first termi-
nal. |

5. An error detection and correction communications

system, comprising:

(a) means for generating at a first terminal successive
blocks of signal data, each block consisting in order
of information signal bits, check signal bits and
accept-reject signal bits; o

(b) means for transmitting the successive blocks fo a
remote second terminal;

(¢c) means for generating at the second terminal other
successive blocks of signal data, each of the other
blocks consisting in order of a check signal for the
preceding block received from the first terminal, of
information signals, and of an acceptreject signal
for the last block received from the first terminal;

(d) means for transmitting the other blocks of signal
data to the first terminal so that the check signal 18
transmitted from the second terminal to the first
terminal at the beginning of each next succeeding
block transmitted by the first terminal to the second
terminal, and so that the accept-reject signal arrives
at the first terminal before the generation and trans-

ission thereat of the check signal bits of the next
block; and

(¢) means for introducing an error into the check
signal bits before transmission of any subsequent
block is completed by the first terminal following
receipt by the second terminal of an accept-reject
signal indicating receipt by the second terminal of
an erroncous next preceding block from the first
terminal. |

6. An error detection and correction communications

system, comprising:

(a) first and second transceiver terminals;

(b) means for generating successive blocks of signal
data at the first transceiver terminal, each of said
blocks comprising information character bits and
check character bits;
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(¢) first storage means at the first terminal for storing
two successively generated blocks of signal data;
(d) signal transmission means at the first terminal for
transmitting successive blocks of data to the szcond
terminal while the same successive blocks are re-

tained in the first storage means;

(e) computer means at the second transceiver terminal
for counting and adding the check character bits of
each received block;

() accept-reject signal generating means at the second
terminal in circuit with said computer means for
transmitting to the first terminal selectively:

(1) accept character bits indicating receipt of an
error-free block of signal data when the re-
ceived check character bits add up to a pre-
determined number; and

(2) rejection character bits indicating receipt of
and erroneous block of signal data when the re-
ceived check character bits add up to a num-
ber other than said predetermined number;

(g) second storage means at the second ferminal for
storing two consecutively received blocks of received
signal data; |

(h) delivery means. at the second ferminal for de-
livering received blocks of signal data;

(i) delivery control means responsive to an erroneous
condition of a prior received block of signal data to
prevent delivery thereof for recording and effective
to cancel a received error-free block of signal data
from said second storage means if the previously
received block has been erroneously received, while
the first terminal retransmits the prior erroneously
received block and then repeats transmission of can-
celled error-free block;

(j) first circuit control means at the first terminal re-
sponsive to receipt of an acceptance signal from the
second terminal indicating receipt of each error-free
block of signal data and effective to clear the cor-
responding stored block from the first storage means;

(k) error signal generation means at the first terminal
for introducing an error into the check character bits
of a subsequent block transmitted to the second
terminal after a rejection signal has been received
from the second terminal indicating that the preced-
ing transmitted block has been received in erroneous
condition to prevent delivery of information bits in
the subsequent block to recording; and

(1) second circuit control means at the first terminal
responsive to receipt of a rejection signal indicating
that a transmitted block has been received in er-
ronecus condition and effective to cause the erro-
neously transmitted block and subsequent transmitted
block to be retained in said first storage means until
an acceptance signal 1s received indicating error-free
reception of each transmitted block maintained in
said first storage means.
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