Dec. 10, 1968 E. | GERTLER ETAL 3,416,134
QUOTATION BOARD SYSTEM
Filed april 12, 1966 15 Sheets—Sheet 1

PARITY(2)
FIG.5a

L
T |\ 8%
_____ — > (O
L1 \j‘_::: T
ola|-|o|~| Bl | &
_____ 3 |-
EEIEIEIED g = \g=
l=lalalol {235 1E]
_—1eleln — & |=-
I A T L 2 1=
L= °oloo o><°2,°“ = |- = [ =
MENOC czhzl<bobal SFH I
inl-lolelrle] Fisizhara] LENE B[S
A B ot 0 et B Q) PEl=slozloap S |-
Jhﬂ@'@lw[hlm & _z s |-
Bl "’_",_i'_‘“, Bl 1
Pizjelole|ale| Q507 m T 81 =
! L ———— Y .
°|© | K)k:] m! _l Nl N’ - - * it
- °:{O|NIN‘O‘N ——;-——IZ"——F,—“"‘ |y e D
O S i e |l L I [ == SO -1 ==
e olu‘¢|¢l¢|¢]¢ < l-—.lo °Ze0 Q |-=|m S -
[T B o eou et B 39 A A A Ml S 2
_Pwe|e|o]ole| N oz [oxt|o sl = g::‘* =z
o I___l@—lél— C PEEEPITE] @ “Tles -
OIQ q'I °w|o@l°: °¥|o_J ___:_‘, _Z
o o'mlo’q-lm r —__ ~%§
% :-— ————— I\Imlm‘mlo :_—_I =
B o L o ol R | S R s 5 =
¢ bolelaloale| B =lelelsln] 5|2 s[5
o | loke | gyelelellel TE 0 g
S o o fel o > = e
golmlo T bl | LE l =
%o “‘["’_‘i"‘l‘ 83 o—;—l———*‘——— =
C o ] lox °°|°°l° INVENTOR
e vy - =41 i
e -] 0@ .  WALTER A. RICHMAN
== JOHN A. CIARROCCHI
S ew L. | 5y  DENNISW.HABGOOD
°CoE e Qg it Elants Doyt Tesf s Cem
nw oo O X 4 4

ATTORNEYS




Dec. 10, 1968 E. | GERTLER ETAL 3,416,134
QUOTATION BOARD SYSTEM
15 Sheets-Sheet 2

Filed April 12, 1966

<SS
]

INVENTOR.
EUGENE I. GERTLER etal

&
ATTORNEYS




3,416,134

E. |l GERTLER ETAL
QUOTATION BOARD SYSTEM

Dec. 10, 1968

15 Sheets—Sheet 3

1966

Filed April 12,

ayvyod

1°14

._z* } HN s .
¥31NdNOD P &
T R MO M3N B u Z
7z] HOIH M3N G S
6L wm - E
S3A ON —e
_ L4 _ H %
3J9VSS3IN W\
108.1NOD _ IAMYT | | [31gvasn gGuvos & (
HOLOW . NO X%201S
ve =1 B SWOS | |f=n w04 1S3t z O ‘.M
; e YIJISNVYHL ]
mmw 98 138 it | M3IN HNI A
13534 |ze 2l ¥ ¥ 1Za
e __03Av130 o ¥3LNNOD 40103 130 | Im_wpz:oo .
YIISNVHL® M3I4ASNVYL 39VSS3IW VSS3IW
QION30S | 2
= B LNHLINO M5 1ndinol® 11 Ti aoo09 ¥ ]
Gzg } o, Loz (52 ao/
1 HNT | uy bS )
SLINONID ¥0193130 310A2 -
S |l “auvos 1Nd1N0 -2l ¥3LNNOD OMINOD let
zz-6l| EIICLERE Y 7] 3LVILINI on WS oYL0 WS
s’ } .87 ./ Wy o) 89 ' '
. <]
93y ‘
mop@mﬁwma v LAIHS ¥O3HD || 103133
uwl__ 3] T  ALIEYd | Hsp ONAS
¢/ — o 1 |
TOULNGY 93y ¥31S193Y £ e
7i] ® 8300930 3000 ¥IISNVHL
mll_’ 39VSSIN G| 39VSSIW 2] 1NdNI . 1NdN| 39YSSIW
Jj J g9/
18 2L
‘93y 20T oomNasay
330D vp-—16l
%O0LS .
A2 9 914 hio




3,416,134

E. . GERTLER ETAL
QUOTATION BOARD SYSTEM

Dec. 10, 1968

15 Sheets-Sheet ¢

Filed April 12, 1966

T i _
(11011)€9 SILV9 |- | 02 -2 OW ) s3ovis 2 l2-12 81 =il
+ s+ ¥OL03L30P— G-I e J
€0+20+10 1100010020 |\ \qommoo [ H3161934 39VHOLS 300D 3I9VSSIW
66" ooico ' (" .
P8 9Ild ... 48 9ld
13s
lllllllllllllllllll e e N
210 8a ' (a3uyvE aNv) __
6 r 0@ -¢210  S3I9VIS b 6c-ogu1 1 LI
130 o T T T m—— — g
03S SO CamNYE ANY) T T T T T
(Q3¥4vE GNY) !
13834 43S b2 - cewo S39VLS b s - 2eu] LI
b e ————— e ———— Jg~¢6
L
16 _ 26) 26) ]
———— o e T I —_—— — — —— gzy 26
f (G39uVE ONY) a1 IgQHD-H O 'y|—1€ul g2HO-{o W22
IS-b OL I-b w 02-91Y1 _ | 1 SIOVLS b L I
1G6-¢ 0L 1-¢ Ql-11y1 - —lo Y i1y— !
Lo " ) L-149S—0 ®ty—ldl FogHo 1 ovH—igu1 ¢2HO|!  OV|1-82y]
_MNO._._N_ 01-9Y1 L——1=11 } BLL) S gsn A & H
{S-1 OL 1-1¥0S  G-1¥] FIOS—{ I oyf—INI | ke - _—_——tr— 1
___.S¥WiSoe _____ —— L ¥31S1934 JOVHOLS IDN¥d
¥31S1934 39VHO1S OIS LW Uw mu_lu_
om .o_m 1d1HS _ ve
16
LNdNI
141 2yl oSy ISY] IVIN3S  Y3dVHS
q[ i aﬂll‘llllllﬁ H I W f » h 0
° N[ o 2l - 6tHl T ° MI © M.l ° Mloxwm
| oy _r S3OVIS ! o1 ov = - ¥3dVHS
| % H L | i)
I 241 oSy UGHI LNdNI
WiH3s Y3dVHS

29l



Dec. 10, 1968 E. | GERTLER ETAL 3,416,134
QUOTATION BOARD SYSTEM
Filed April 12, 1966 15 Sheets-Sheet 5

(104 05—
5 STAGE SAMPLE —0A
COUNTER > PULSE | —»¢B
T :—,32 = GENERATOR! . ¢ ¢
RESET TC24
4 Ao O
T 108
Al |
s

e w_ FIG.10

GM\ [o——=—————=——---————————— e oy

_ ILA. H LA. H l—A. ] l,—A. |Jl

¢B Lt T T T |

13 18> ROl¢ Aor O+ O AoRO

SHAPER+ (] B gt e

15, SMC SM29 - 25.
| ) DATA
1 A | 'J 116 READY RESETJIIB 19, ’

32KC T B A T 0R AT SM COUNTER
Ao O ;T T |9B-T g STAGES
Aogr of¢—(R ‘
© sYNG/ RO
E_¢_<»DR RESET ——=o ==
dc 121 SM20- 25
FIG 11 s & s
IR2
e L
' IR4
T M iRrs 141y oM 92y
AR O 137 {136 i IT
Oil? J| 134~ -V—a, 11 Ao © o
I : T —T
oD oo o Of— -4 8 th—e
135 r>—>SM54_[ I IT
T [ C = @c
AoR O DETECT 2
SERIAL INPUT D . ! { }—
123 Py
122 N~ IR' INPUTS McCl 143
SCR RESETﬂ E:é__
SHIFT LIMIT @A OTC RESET

SM -
INPUTS_‘,‘ZIQTb >SM54 INVENTOR. .
““Ni3s EUGENE I.GERTLER etal

sM2!

SM22

SM23 SM52+53 BY

SM2? (B Elanatts Frpriten. Fofs s Colamr
SM25 :

ATTORNEYS




Dec. 10, 1968

E. . GERTLER ETAL

3,416,134

QUOTATION BOARD SYSTEM

Filed April 12, 1966 15 Sheets-Sheet 6
32 KO Ll g b )T T T T mm == = = = ==
SHAPER
BIT — 1
FIG. 9a ¢» ) 2
@B I I‘I’
gc n n
INPUT '
REGISTER J T
BIT
a8y | [—— 46, I5ly 20[2![22[23|24[25(26]"
5R A e A, O {1 [O]O]1 |1 |1 |1 }~SPEC. HIGH
7B T T ~=0 1 {1 [O]1]I]l}=~SPEC. LOW
145/A°R° AR messace 1010 ! |11 [o]1 [~=CLOSE HUN.
- - | 1 DECODER o {1t {11 |1 |01 ]|—CLOSE
| GATES [loflo|o]t ot |1 l~oPEN
— ‘ o101 [1]|o]|1}=LAST
oA MCI L.{0]0 |01 |01 |0 =~OPEN CORR.
__"\iar
MC
INPUTS FIG 14
OTC 20 2! 22 23 24 25 26 27
oL L L LI LT
B__ OUTPUT TRANSFER
155, $B—T1 COUNTER
VIR wers WOL LY P 8- STAGES
! RESET :
T = bl Lk L]
ESET A 20 OTC 20 2! 22 23 24 25 26 27
OROb—
__L__ T OTC RESET
TIT
FIG. 14a
156~ OTC 40-43
L —»0TC (92-95)H220-223)
WA o
g A oTC 13 INVENTOR
DECODER — ! .
GATES H—=0TC14 EUGENE I. GERTLER etal
L ~07C 15

———=0TC 12+13

BY
it Cleands, ot Torls G,

ATTORNEYS




Dec. 10, 1968

E. . GERTLER ETAL

3,416,134

QUOTATION BOARD SYSTEM

Filed April 12, 1966

15 Sheets~Sheet 7

i FIG. 15
Av T SPEC. LOW—] .
#c T SPEC. HIGH— 162 6l
o OPEN— Q—C_r<
oTC 12 Ao RO}~ F CLOSE— , N .
oA LAST- " [ 1 L/ A /USEaBe
OPEN CORR USEABLE
— ]| g CLOSE HUN— MESSAGE
32KC T E BID—
Ac O ——
s ~§I1C TEST
158 ' 163
LTTN——D——
165~
164 +—=FRK
LSTN—-D _b ‘
FIG. 16 oA |
173y QUTPUT TRANSFER
TRANSFER OT ANSE
orc 15 ) h A H0TD
A
v 7 e~ T LIr4
USEABLE% Ao R Ol—=0T5
MESSAGE
o Lars
oTC
40 - 43 @‘,_'\OTC2° 176
v
oT OTC(92-95)
RESET oTCc2! e (250-253)
178
FULL 181 I897
RANGE -v—{ar 0 Al O
K SIGNALS o720 . i
182 [OTD ,g3 non (B8
79 ] R | AOR |
LAST SALE iy r& '—‘< N+
K SIGNALS VaRva
LSK y
OTcz? 187 ™ 8
;:D }—-vmc (41-92)
O0TC (9295 INVENTOR
EUGENE I.GERTLER et al
7220-223) ~—84
oTC20
oA .
57C (40~ 43)

ATTORNEYS




3,416,134

E. |l GERTLER ETAL
QUOTATION BOARD SYSTEM

Dec. 10, 1968

15 Sheets-Sheet 8

Filed April 12, 1966

c210 2
8! 1 L(+ON 2 o
224 = U 2270 mw_mw_m HE
24 ,.|Q||@|1 270
(] g . 20
02d= C —( 0210 Z510
168N ¢2HD
cen—(= C2WO Z2HD
P 3 002 \4-2HD
zen ' 4 22 WO
en—1l= 2 WO
(L
ON: - \._/ _ll. /I_ ONS_O
6d
ﬂ@ €1+21 010
L6l |
c2l \Ql «M_H
el \,/_r. Q
¢ g34AN NH
. serl A 1] 261y 1N
! N N o350

08 L =i

[ N "
6l €
/\’l NN n

86!

g6 — &
mNIOl @ JJCL S2HO /T o¢ HD
22HD ( ( 32HD
j2HO = Q _mm.um_T \ZHD
@HO ( (F#—ezv0 81 914

C
as % % Y
10 o u
Tw b o
Q3HANNH /7 1 SAI™ANNH & % o]
> -
3019 \J 35010 Z ?/ -
26l . = <
P ‘WHOD H 1M
an_ol.m 4 W N3d0 M o
T bl g
161 (O] :
1 o w
LASv = \J A “
1SV (= (G 1SV 4&
26! 161
E#ﬂ i {¢] 350710
HOIH (= A= N3dO
Nm_w 16
-
MOl (| +
MO 23dS
(MO M3N) Q H
LH9IT 03y
£61 010 ~|42
— HOIH '03dS
g — 4
rzz




Dec. 10, 1968 E. | GERTLER ETAL 3,416,134

QUOTATION BOARD SYSTEM

Filed April 12, 1966 - 15 -Sheets-Sheet 9

IK
A23 e—AAAN——

F!G 190 A22._ﬁ/v%/§v\——.--
A2I o——\/\?\/lf/\/\————‘
213y A0 K

[ inpuT a2 8K
3IC TEST—= BUFFER WAV
AMPLIF IER
(LTTN.LSTN, == -7.875V
HIGH NULL, OTC4i-92 FlG 24
LOW NULL) 248
| CO%E ——=CTK
N2
N2 i P DRIVER ———»CTSC
242
241 LSZ\M 0as (243
NG ™ 246~ DRIVER
i 250 CTMC
OTC 4i-92 |
DR2 —4
l,( INVENTOR.
249 EUGENE I.GERTLER etal

ATTORNEYS




Dec. 10, 1968 E. . GERTLER ETAL 3,416,134

QUOTATION BOARD SYSTEM
Filed April 12, 1966 15 Sheets-Sheet 10

e . ~ FIG. 21

Q4
MN 216

~12

INVENTOR.
EUGENE I. GERTLER etal

ATTORNEYS




3,416,134

E. I GERTLER ETAL
QUOTATION BOARD SYSTEM

Dec. 10, 1968

15 Sheets~Sheet 11

Filed April 12, 1966

SdWV1 -
S3TNAOW e R.M . m
3ana 3
1SV *MOT ‘HOIH ‘N3do [MS & £
292 3= e
d—0S Z . E
3s010 . 0 <
. - AN
uT j= ““ mw “ / W MQ/
] [ w W
! p Lo AV13Y S
" ml IW HD “ J1S8 me // w
“ “ L1 A2I- mmIo._._;mWB 1)- ¢mom_B ﬂm
_ W | Sy
/ - - /
“ @ \ “ _ - SIHOLIMSEE(G-1)-€-80S  ~o_
¥ 4 ¥ = |
“ | e ! “
_ r|S3HOLIMS = (G-1)-2-80S
— ! — X
| gs S5 | || Dy L
} P / \ N “ “ | r||0|__ " “
| | qlﬁl n
| = P I
I " | e
“ B! || 52 £oln
“ HLw_»._w |1 asi- g "
| : b le—lesz . T
— , . _ _ | = e - " _
| “ i 3 e 1 - R3S I
! W T
862 _ . I
! vm\m va __\BN “ & 1- 1498 |
" 1 | os 4o e e e _ONIOD QIS |
! it <1ISND ]
i ~+0S 1D mN @_u




Dec. 10, 1968 E.] GERTLER ETAL 3,416,134

QUOTATION BOARD SYSTEM

Fiied April 12, 1966 15 Sheets-Sheet 12
INPUT
SOLENOID
P
AMPLIFIER NULL DETECTOR MOTOR
DIGIT/ ANALOG ot%'%hrﬁ?mp CONTROL
CONVERTER . o " CIOSEHUN. »CHK
2~ cLOSE N2 CHSCT; : N
CH{ 2571 HUNDREDS |—— 1uniT [N (1 UNIT) |
53 ] » DR2 CHMC
C(T,U,FISW CLOSE ~C(T,U,FIK | £
QH2® 22l 1eid s
Qf\L!j"' ". FRACTIONS (3 UNITS) (3 UNITS) —
QLw ™= (3 UNITS) —]
: OTSW OPEN ~~OTK
2 L 3
2 TENS e |
o TENS OPEN ( 1 UNIT)
23
(HLLT)TSW {_265 (HLIMTK =S
:J TENS-HIGH
LOW, LAST (3 UNITS) (3 UNITS)
(3 UNITS) ]
y—mtin} — 0.
ouL's;w O'TEN ~OUK
UNITS ‘
u{ AN OPEN (1UNIT) ——N
(HL,LTIUSW ESSr—(H,L,LﬂUK
L JUNITS-HIGH L. =
LOW, LAST (3UNITS) (3UNITS)
(3 UNITS) —] [ -
OFSW OPEN__[~OFK '
FRACTIONS .
F{ OPEN OPEN (1 UNIT) —
P—D_——__’
(H,L,LT)FSW £65 ~(HLLTIFK '
“~FRACT. HIGH | ||
—=ILOW, LAST T
3 UNFTS) (3 UNITS) (3 UNITS)
]
LS(T,U,FISW LE§1 ~LS(T,U,F)K e
T —{ TENS, UNITS ]
U —» FRACTIONS (3 UNITS) > (3 UNITS) ;
F —= {3 UNITS) %:
Pt
OTC(41-92)-
. OTC (4! - 92) .

oTD—




Dec. 10, 1968 E. | GERTLER ETAL 3,416,134

QUOTATION BOARD SYSTEM

Filed April 12, 1966 _ 15 Sheets-Sheet 13
SCR
LINES © <% ~ <Y -
siIc SIC. SIC.
COINC COINC. COING
/
'C(H,T,U,F) SC; I T -
4
YRR YA AR
C(HTUF) SW = -1 B ~ \
- § — <
CHTUF) mc| ogwose, [ Scose, [[  “dosgs [] )
T | | [ ll
O(T\U.F)  SC; ; | I
Tay Y ey Y Tw,owm
o{T,U, F) sw| ~ <-"| : N s | \ -~ l
- § < _
O(T.U,F) M | - OFEN ’ OFEN | OFEN |
t 1 ] I
H(T,UF) SC T T [
~ N < N Y ~ SN T '
'H(T,U,F) SW [ ——a l gD { -ty l
4—6 ~ N ~ N
HOTUF) Mc |, Hiew o [T “wiew, [T "~ High
L | ] 9
L(TU,F)  SC | | I —
) {
- §
LITUF) MC |  “ ow) | oW, | tow o 1]
1 ! 1 T
LT(TU,F) SC | ] I o
A\
mTup sw | N N YIS RTR TR N T
. —— §
U Me | tAsT J T Ayt T sy ]
‘ 7
1 | I —
SCR ¢ -
LINES <\ AN ANY !
SIC. COINC. SIC. COINC. 4 SIC. COINC.
LS(T,UF) SC | I I —
~ N <~ N N ST -
INVENTOR,
 S(TLUF) _SW [ [ ,—EUGENE I.GERTLER et al
LS(T.UF) Mc | LAST  3aLE = | 1aST shLE BY _
4 o = = p— oo
T I ! i, 7orfn. v Reola.,.

ATTORNEYS




Dec. 10, 1968 E. | GERTLER ETAL 3,416,134

QUOTATION BOARD SYSTEM

. FIG. 27

292 5TCTS (2 75c
NHFF:jj l> éjj l) “4 ¢
NLFF éc Cl+C2+C3

Filed April 12, 1966 15 Sheets—Sheet 14

HUN4 ATNZ HAING 293 T
AUNZ. A — T
HFNG —A208 LN297 2964295 T Ao ©
LUN2 LTN4 LTN2 294 T
g Ly Ly Lo >
N A L—DC
LFN2 L/ AV L/
284 285 286 283
SN Y ~ H
M@+QT—;/ // //. ¢ N L
LOW __ 288 1289 RY »NL FF
NULLTL) 2o | [/ .
L
273 = =5
08 “o7g ko l )
"4 L__m ‘\[T L \4 —»-NH
2J7> ‘ 2-276 277
271 ,
HIGH___J ,
NULL CAST'
282
278 279 J o8
Fg ’ v
, . I
@8 IT
CONDITION | NI N3 N2 N4 | saA | saB
I{MN| = IDNI [+5 | +.5 0 0O {+6.3 |-6.3
IMN[< |DN] |+5 | =5 0 |-60 [+63 0
TMNIS |DNf [=5 | +.5 =860 0 0 1-63
EQUATIONS \
. IMNT- IDNI =+ DIRECTION
a. [MNl -6.3- IDN|= + UP (DR2=-6V)
b. " " w = —DOWN(DR2= OV) INVENTOR.
2. IMNI - [ON =- EUGENE I. GERTLER etal
a. W.I.NI +6".3- ID:JI i+ ggwn BY (2o £ :
b. = Dt T v Cootun,
3. IMNI = IDM NULL(N2=N4=0)

ATTORNEYS




Dec. 10, 1968 E. | GERTLER ETAL 3,416,134

QUOTATION BOARD SYSTEM

15 Sheets-Sheet 15
FIG. 28a |

Filed April 12, 1966

305

—o =12V

' | -6V
é ) 2 | %+I2V

L ¢
"0" OUTPUT R

O
"1"ouTPUT

INVENTOR.
EUGENE I. GERTLER etal

oo &.4,2&9/;&. ce..,

ATTORNEYS




United States Patent Offi

3,416,134
Patented Dec. 10, 1968

1CC

1

3,416,134
QUOTATION BOARD SYSTEM
Eugene 1. Gertler and George H. Huber, Cinnaminson,
Walter A. Richman, Woodcrest, azd John A. Ciarroc-
chi and Dennis W. Habgood, Magnolia, N.J., assignors
to Ultronic Systems Corp., Pennsauken, N.J., a corpo-
ration of Delaware :
Filed Apr. 12, 1966, Ser. No. 542,057
© 8 Claims. (Cl. 340—154)

This invention relates to quotation board systems for
the display of prices of stocks, commodities and the like.

Quotation board systems are in use which display one
or more price categories of stocks, bonds, commodities,
warrants, etc. so that brokers and their customers may
be kept informed. For convenience only the term “stocks”
will usually be used hereinafier, and it will be under-
stood to include these various kinds of property. Some
quotation boards provide only current or Last price,
_ whereas others provide several price categories such as
Close, Open, High, Low, Last, etc.

For greatest usefulness such systems should be capable
of rapid updating in a reliable manner, and should be
as economical as possible in order to attain widespread
use. Further, inasmuch as different brokers may have
different primary interests, and such interests may change
from time to time, a flexible system capabale of conven-
ient change of stocks displayed is highly desirable.

The present invention is designed to provide an im-
proved system for accomplishing these objectives.

In the system of the invention, messages are transmitted
from a central location via suitable communication lines
to the quotation board locations. Each message has a
coded stock identification section, a coded price category
identification section and a coded price section. Also, a
recognizable initial sync pattern and a parity section are
advantageously provided to permit eliminating messages
which have been transmitted improperly or have become
altered in transit.

Commonly the message cover many more stocks and
price categories than are likely to be used at any one
quotation board installation. Provision is made at each
installation to select from the train of messages those
stock quotations which can be used at that installation.
Provision is also made for enabling a broker to change the
stocks displayed on his quotation board in a simple, very
convenient manner. This is accomplished by providing
manually changeable stock identification characters for
each board location, with associated means for simul-
taneously changing the coding combinations which recog-
nize the stock message to be displayed at that location.

In $6-called Full Range boards wherein several price
categories are displayed for a given stock, all price cate-
gory sections are enabled upon the recognition of the
stock identification in the message for that location. The
price category identification in the message enables the
category section at all stock locations where prices corre-
spond thereto. Thus the selection of the particular stocks
is obtained by a joint enabling operation. Then, the dis-
played price at the selected location or locations is changed
if it differs from the message price.

To display the prices, individual digit units are pro-
vided at each price location. In the specific embodiment
a moveable digit member in the form of an endless belt
is driven by a respective motor until the proper digit is
displayed, and a detent mechanism insures accurate posi-
tioning. To reduce the positioning time, it is desirable to
drive the motor in the direction of the shorter path from
old to new positions. This is accomplished by developing
an analog voltage varying with the displayed digit, con-
verting the desired new digit in the message from digital
to analog form, and using special circuits to determine
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the direction of motor rotation and arrival at the desired
new position.

To increase the speed of updating, particularly at the
beginning of a day when a rapid sequence of messages
would be required to update all categories of a Full Range
board, a New High-New Low computer is provided at the
board location for determining these prices from a Last
Sale message and the then-existing High and Low prices
on the board. This markedly reduces the number of mes-
sages which must be processed, while still yielding the
desired information.

To further reduce the time required for processing mes-
sages, those which are not useable at a particular board
installation are quickly discarded so that only potentially
useable messages are completely processed. Thus the
absence of a stock on the board corresponding to a mes-
sage is used to discard the message. Advantageously this
is accomplished by utilizing the non-enabling of the Last
price position on the board.

Further features of the invention will be described
hereinafter in connection with a specific embodiment
thereof.

In the drawings:

FIGS. 1 and 2 show face views of Full Range and Last
Sale quotation boards, respectively;

FIGS. 3 and 4 are perspective views of alpha and nu-
meric sub-modules, respectively, and FIG. 4(a) is a de-
tail of the latter;

FIGS. 5(a) and 5(b) show two message formats;

FIG. 6 is an overall block diagram of the system;

FIGS. 7-25 show circuits for performing the functions
indicated in the block diagram of FIG. 6 and may be
generally designated as follows:

FIG. 7—Input Register

FIGS. 84, b, ¢, d—Price, Message, SIC Storage Regis:
ters; Commodity Detectors

FIGS. 9, 9a—Resynchronizer and Clock, and wave-
forms;

FIG. 10—Sync Detector, SM Counter and Control

FIG. 11—Parity Check; Good Message Detector; In-
put Shift Control; Input Transfer Control

FIG. 12—Message Counter

FIG. 13—Message Decoder

FIGS. 14, 14¢—Output Transfer Counter and decoder

FIG. 15—SIC Test and Useable Message Detector

FIG. 16—Output Transfer Control; Clear Board De-
tector

FIG. 17—Message Control

FIG. 18—Data Distributor

FIGS. 19, 19(a)—Dacon Input circuits

FIG. 20—Dacon sub-module circuit

FIG. 21—Dacron null detector

FIG. 22—Dacron direction detector

FIG. 23—Dacron operating equations

FIG. 24—Solenoid and Motor control

FIG. 25—Board Module control

FIGS. 26A and 26B show the manner in which assem-
blies of the units of FIGS. 19-25 are connected to change
the prices on the Full Range and Last Scale boards;

FIG. 27 shows the New High-New Low computer; and

FIGS. 28a, b show gate and flip-flop modules widely
used in the detailed circuits.

Referring to FIG. 1, a portion of a Full Range board
having a desired number of stock locations 31 is shown.
At the top of each location are four alpha sub-modules
32 which display the letters of the stock whose prices are
given below. Four numeric sub-modules 33 are in the
row designated Close at each location, and give hundreds,
tens, units and fractions of that price. The rows designated
Open, High, Low and Last each contain three numeric
submodules for corresponding prices, the hundreds digit
being omitted as unnecessary. Green and red lamps G,
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R light up when a new high or new low is received. The
frications numerals are of distinctive color such as orange,
for ready identification. The letters in the stock row may
be changed by the stockbroker by inserting a key in holes
34, so that any desired stock may be selected for display.
Changing the letters automatically causes the prices of
the newly-selected stock to be displayed the next time
the new stock information is received.

FIG. 2 shows a portion of a Last Sale board having
locations 35. At each location the Last price of five
different stocks are displayed in corresponding rows. The
first four columns 36 display the letters of the selected
stocks. The last three columns 37 display the correspond-
ing Last prices in tens, units and fractions. Hundreds are
omitted as unnecessary, since the broker will be aware
of the appropriate price.

FIG. 3 shows an alpha sub-module. An endless belt
41 carries letters A to Z and a blank. The leftmost sub-
module may also have Ci, C2, C3 for commodities and
the other three may have Pr for Preferred. The belt has
sprocket holes engaging sprocket drum 42 which is man-
ually rotatable by shaft 40 through bevel gears. The front
end of the shaft is slotted to receive a key through a
hole in the panel. Drum 42 is geared to an assembly of
five cams 43 which engage respective levers 44 to actuate
microswitches 45. Cams 43 are coded to actuate the
microswitches in different coding combinations as different
letters are brought into view at the front of the sub-
module,

FIG. 4 shows a numeric sub-module. Digits 0-9 are
carried by endless belt 46 driven by a reversible D.C.
motor 47 through a belt drive to sprocket drum 48. The
drum is geared to a detent wheel 49 which rotates once
for a full traversal of belt 46. Wheel 49 has eleven slots
51 spaced at 142 revolution, with a blank 52 for the
position twelve. Detent arm 53 is spring-biased into the
slots, and withdrawn therefrom by solenoid 54. The arm
of the 12-position rotary switch 55 is driven with the
detent wheel. The switch contacts are connected to
resistors, one of which is shown at 56, mounted on a
printed circnit board 57. These resistors are connected
in a ring configuration as explained later for FIG. 20.

In operation, the settings of the microswitches 45
in the alpha sub-modules at a given location recognize
the SIC (Stock Identification Code) in a message and
enable circuits for the solenoids and motors corresponding
thereto. The position of rotary switch 55 is used to indicate
the numeral (MN) then being displayed, and if it differs
from the desired numeral (DN) the solenoid and motor
are energized to move belt 46 until the desired numeral
is displayed. Detent arm 53 and wheel 49 stop movement
of belt 46 precisely at the desired position, and motor 47
is deenergized. This will be explained in detail later.

FIG. 5A shows one type of message used to supply
information to the quotation system of the present inven-
tion. The message format is like that described in Patent
No. 3,310,782, filed February 27, 1963, by Sinn et al,
for Data Message System. In that application the mes-
sages are transmitted from a master station to slave
stations distributed around the country to update memories
thereat. Here, the messages are used for display purposes.

The message starts with an identifying sync pattern
specifically shown as nine 1-bits followed by a 0-bit.
This is followed by a 20-bit SIC section which accom-
modates four 5-bit sections for four alpha characters.
The coding of the cams 43 in FIG. 3 agrees with the
SIC message coding. A 7-bit message code section MC
serves to identify the category of the message (Close,
Open, High, etc.), This is followed by a 12-bit Price
section sufficient for three BCD (Binary Coded Decimal)
digits denoted H, M, L for High, Medium and Low.
Throughout the day, when hundreds are not normally
transmitted, these correspond to tens, units and fractions.
To transmit hundreds, a special code is inserted in the
MC section and the coded digit placed in the H position
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of the Price section. The Volume section is not at present
used for this quotation system. The message ends with
a 2-bit parity section which gives odd parity for both
odd and even bits in the message. In normal updating
of a slave station, a given message is repeated after a
brief interval, and this is taken into account in the system
of the invention.

FIG. 5B shows an alternate message format used for
transmission intended specifically for quotation board use.
Here the sync section is longer, specifically shown as
sixteen 1-bits followed by a 0-bit. The volume section
of FIG. 5A is omitted, and the other sections are the
same. In practice, the quotation system is designed to
use either type of message by suitable switching. To
avoid undue complexity, the embodiment described herein-
after is shown for the format of FIG. 5A, and modi-
fications for that of FIG. 5B will be briefly mentioned.

FIG. 6 is a block diagram of the system intended
to give an overall idea of its functioning. Many intercon-
nections and some particular features have been omitted
for simplicity, but will be described later in connection
with the detailed circuitry. The numbers in the upper
right hand corners give the figures where the circuits
are shown.

The input message is supplied to a Resync and Clock
block 61 which develops ¢A, ¢B and ¢C signals used
extensively to maintain proper synchronization. At present,
message bits occur at the rate of 1 kc. (kilocycles per
second), and the ¢ signals occur at that rate but at
different phases within a bit interval. The message is sup-
plied to Sync Detector 62, and if the initial sync section is
satisfactory, the Parity Check circuit 63 is enabled to
check the remainder of the message. Also Shift circuit 64
is enabled to start shifting the SIC and subsequent por-

5 tions of the message into the Input Register 65. The

Sync Detector enables the SM Counter Control 66 which
in turn allows SM Counter 67 to start counting ¢B pulses
at a 1 ke. rate. This counter controls operations prior to
use of the message for updating. Cos

The Input Register has 51 stages to accommodate the
bits of the message following Sync, but excluding Parity;
At a count of 52, SHIFT 64 is inhibited so that no more
bits enter the Input Register. At a count of 54, the parity
check has been completed and, if correct, Good Message
Detector 68 is enabled to develop an IT (Input Transfer)
signal which transfers the contents of the Input Register to
Stock Code, Message Code and Price Data storage reg-
isters 71, 72, 73, ready for use. Message Counter 74 in-
sures that the system will operate on only one of two
successive duplicate messages.

The output cycle for using the stored information is
initiated in 75 by IT, and Qutput Transfer Counter 76 is
released to start counting ¢B pulses. Block 75 also in-
hibits block 68 from transferring a new message until the
existing message has been processed.

The board is first tested in 77 at a count of 12 to as-
certain whether the stock of the message is on the board,
and if the message category is useable. If “no,” block 75
is reset, the inhibition on 68 is removed so that a new
message can be processed, and counter 76 is reset. If
“yes,” transfer by Output Transfer 78 begins at a count
of 15. In the meantime, at a count of 14 if the message is
a Last price, a New High or New Low is determined in

Upon storage therein, the SIC from register 71 is
supplied to all SIC sections of the quotation board and, if
agreement is found in any section (stock on the board),
the solenoids and motors in the corresponding price sec-
tions are enabled, as mentioned above. The message code
in 72 is decoded in 81 and supplied to Solenoid Control
82 and Motor Control 83 so that control signals will be
developed for only the proper price categories. The price
data in 73 is rearranged and distributed by 84 to Dacon
(Digital to Analog Converter) circnits 85, along with
present position signals from the module rotary switches.
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The Dacon circuits determine which, if any, numeric
sub-modules need to be changed and provide appropriate
signals to Solenoid Control 82 and Motor Control 83. The
latter supply signals to the proper sub-modules on the
board to effect the required changes. The solenoid is ac-
tuated first, at a count of 15, to withdraw the detent arm,
and the motor is actuated at a count of 40. For changes of
one or two digits, the motor may not reach full speed
before its energization is removed, and may stop short of
the proper detent position. Minimum Drive 86 keeps the
motor energized to at least a count of 92, thereby giving a
50 millisecond minimum drive signal.

When the numeric changes have been completed,
signals from Solenoid Control 82 actuate Clear Board De-
tector 87 to reset block 75 and terminate the output cycle.
Detector 87 is inhibited by block 86 so that it cannot
operate until the minimum drive period is over.

The circuit diagrams shown in subsequent figures use
digital logic elements. Many types of elements are known
in the art and may be used as desired to perform the
functions hereinafter described. The specific embodiment
here shown uses NOR logic units, examples of which are
shown in FIG. 28. These will be described at this point
to facilitate understanding the circuit diagrams.

FIG. 284 shows a NOR circuit of known configuration
which need not be described in detail. If any one of the
three input lines designated “IN” is at ground potential,
say corresponding to a binary 1, the transistor will be cut
off and the output line designated “OUT” will be nega-

tive (binary 0). If all inputs are negative, the transistor ¢

will conduct and the output will be at ground potential.
For convenience, negative and ground potentials will
usually be referred to bereinafter as “low” and “high,”
respectively. Thus the circuit functions as an AND gate

with polarity inversion for input signals whose assertion *

levels are low, and as an OR circuit with inversion for
signals whose assertion levels are high., The symbol 305 is
used in the drawings. If only one input line is used, and the
others left unconnected, the circuit functions as a polarity
inverter.

FIG. 28b shows a bistable multivibrator or flip-fiop
circuit, also of known configuration. The circuit of tran-
sistor 306 may be considered the 1-side and that of 306
the 0-side. When 306 is conducting the “1” output is high
(ground) and when 306’ is conducting the “0” output is
high. The reset input R is arranged so that, when it goes
high, it cuts off 306. By the cross-connections, 306’ is
turned on. Thus in the reset state the “0” output is high
and the “1” output low. In the set state the conditions are
reversed. The flip-flop may be switched from one state to
the other by a pulse applied to trigger input T, under the
control of steering inputs Ag and A;. If A, is high and A;
low, a positive-going trigger pulse at T will cut off tran-
sistor 306’, thus turning on 306 and producing the set
state wherein the “1” output is high. With the input volt-
ages to A, and A, reversed, the trigger pulse will cut off
transistor 306, thus turning on 306’ and producing the
reset state wherein the “0” output is high. Symbol 307
is commonly used in the drawings, and is referred to as
‘5FF‘”

In the detailed drawings a large number of signals are
used. Frequently, some signals used in earlier figures are
generated in later figures, and this will be mentioned.
Many signals are shown both unbarred and barred in the
drawings, e.g. SHAPER and SHAPHER. One is the inverse
of the other, and is developed by an inverter, from op-
posite outputs of a flip-flop, etc. As used, an unbarred
signal usually means that its assertion level is high, and
a barred signal that its assertion level is low.

Referring to FIG. 7, an input message having the format
of FIG. 5A is fed to a shaper 88 which reforms the pulses
and is then applied as steering inputs to FF89 which
eliminates effects of noise. A source of 32 kc. pulses is
used in the resynchronizer, as wiil be described, and the
first of these pulses after the steering changes triggers
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FF89 to the corresponding state. Thus the signals at the
1-output designated SHAPER are those of the input mes-
sage, but reformed and free of noise. A high level cor-
responds to a 1-bit and a low level to a 0-bit. The
SHAPER signal is inverted to yield SERTAL INPUT and
again inverted to form SERIAL INPUT. These provide
steering inputs to the first stage 90 of the input register
65. The register contains 51 stages. If the sync pattern is
satisfactory, SHIFT LIMIT (FIG. 11) at gate 91 will

go low and allow ¢A pulses to pass to the trigger inputs
of all stages, thereby shifting the message information
into the register. When 51 bits have been inserted, SHIFT
LIMIT goes high to prevent further shifting. The out-
puts of the stages are designated IR1 to IR51, and the
corresponding barred signals. IR1-20 give the SIC bits,
IR21-27 the MC bits, IR28-39 the Price bits, and IR40-
51 the Volume bits (not used).

FIG. 8a shows the Price Storage Register. TR28-31
represent the most significant digit and are applied in-
dividually to four FF stages in box 92. Only the first and
last stages are shown in detail. IR28, TR28 are steering
inputs to stage 92, and IR31, IR31 to stage 92”. IT (FIG.
11) is applied to the trigger inputs of all four stages, and
when it occurs the stages assume states determined by the
IR inputs. The 1-outputs yield QH 23, 22, 21 and 29 respec-
tively, for the four bits of the most significant digit. The
0-outputs yield corresponding barred signals. Boxes 93
and 94 are similar to 92 and each has four stages. Box
93 receives IR32-35 and produces QM 23-29 for the
middle digit. Box 94 receives IR36-39 and produces
QL 23-20 for the least significant digit.

FIG. 8b is similar, but has seven FF stages for the
seven bits of the message code. It receives IR21-27 and,
upon occurrence of IT, the stages produce MC 26-20 and
corresponding barred signals.

FIG. 8c is also similar, but has twenty stages for the
SIC bits. The first five reecive IR1-5 and, when triggered
by IT, produce SCR1-1 to 1-5, giving the five bits of the
first SIC character. Succeeding groups of five are simi-
larly triggered by IT to produce succeeding SIC charac-
ters as indicated. Provision is made to reset the first five
stages of this register if an excessive time has elapsed
after the last message. DR (FIG. 10) and OTC RESET
(FIG. 14) areapplied through OR 95 to a half-second
detector 96, Upon initial application of one of these sig-
nals, the SCR RESET output is low and remains low if
another signal is applied within a half-second as in normal
operation. If not, detector 96 is arranged to cause SCR
RESET to go high. This is inverted and applied to gate

97 along with ¢A to reset the IR1-5 stages. SCR RESET
is also applied to Shift Limit FF123 (FIG. 11) to avoid
lock-up if the FF is in the wrong state when power goes on.

FIG. 84 shows the commodity detectors. For a com-
modity the first SIC character is C; or C,, depending on
the source of the quotation. C; is not now used, but pro-
vision is made for its future use. IR1-5 (and barred)
signals are supplied in proper combinations to decoder
gates in 98 to yield C,, C, or C; outputs. The codes are
shown in parentheses. The outputs go to OR99 and are
inverted to give C14+C24+C3.

FIG. 9 shows the Resynchronizer and Clock circuits.
The outputs of a 32 kc. pulse generator 101 is supplied
through inverters 102, 103 to a divide-by-32 counter 104.
The outputs of the several stages of counter 104 are sup-
plied to Sample Pulse Generator 105 where they are
combined to yield different outputs ¢A, ¢B and ¢C. The
pulses in each phase occur at a 1 kc. rate. The 0-output
of the last stage, TC2% is also taken out. The clock is
resynchronized at the leading edge of each 1-bit in the
message. FF106 is steered toward its set state, and trig-
gered by SHAPER pulses. When set, FF106 steers FF107
toward set, and the next 32KC pulse from inverter 102
sets FF107 and the 1-output goes high to reset counter
104. The set FF107 steers FF108 toward set. The next
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32 ke. pulse from inverter 103 sets FF108, the I-output
resets FF106, and FF107 is reset by the next pulse to
its T input, thereby releasing the reset of counter 194.
The counter starts counting from zero, and hence yields
outputs properly phased with respect to the data bits.

FIG. 9(a) shows the phases. ¢ A occurs at one-half
of a SHAPER bit interval, ¢B occurs at one-quarter and
¢C at three-quarters, corresponding to counts of 16, 8
and 24 respectively. The input register is shifted by ¢A
pulses, and hence bits will be inserted therein one-half
a bit interval after the corresponding bits in the SHAPER
signal, as indicated.

FIG. 10 shows the sync detector and SM counter cir-
cuits. A four-stage counter 111 is triggered by ¢#B pulses
from gate 112. GM (FIG. 11) is initially low. SHAPER
pulses to gate 113 are inverted and applied to the counter
reset lines. Consequently 0-bits in the SHAPER signal
will reset the counter, but 1-bits will not. Accordingly,
successive 1-bits will allow the counter to count ¢B pulses.
When nine have been counted, it is recognized by gate
114 and the gate output goes high to inhibit gate 112
and stop further counting. The high output of 114 also
steers FF115 toward set, and it is set by the next 32 kc.
pulse. The I-output of FF115 goes high to inhibit gate
113 and prevent counter 111 from being reset. Thus nine
or more 1-bits (sync of either FIG. 5A or 5B) will lock-up
counter 111,

The low O-output of FF115 enables gate 116. When
SHAPER goes low for the 0-bit in the sync pattern, gate

116 is opened and passes a ¢B pulse which, by inversion,
forms a high Sync pulse which sets Data Ready FF117
This produces high DR and low DR outputs. The high
DR to gate 114 makes its output low, removing the in-
hibition on gate 112 and steering FF115 toward reset.
The next 32 kc. pulse resets FF115 and the 1-output goes
low to remove the inhibition on gate 113. Hence the
sync detector is ready for another sync pattern when
received.

Resetting of FF115 causes its O-output to go high and
inhibit gate 116, FF117 is reset by the next ¢C pulse and
its 0-output goes high to set SM Reset FF118, In its nor-
mal reset state, the high O-output of FF118 holds SM
Counter 119 reset. This reset is removed by setting FF118,
and counter 119 starts counting ¢B pulses. The counter
stage outputs are decoded (FIG. 11) to form SM54 at
a count of 54, and this is applied to gate 121. The next
¢C pulse resets FF118 and its O-output goes high to reset
counter 119 and hold it there.

Referring to FIG. 11, the shift limit circuits will be
described first, since this controls entry of the signal into
the Input Register. A high DR (or high SCR RESET as
previously mentioned) to OR 122 gives a low output which
is inverted and sets DC FF123 to produce a low SHIFT
LIMIT signal. This enables gate 91 in FIG. 7, as already
described, to shift a message into the input register. The
SM signals to gate 124 decode the counts of 52, 53 and
the output is inverted to form SM52-+53. This is applied
to gate 125 along with SM20 to produce a high output at
a count of 52 and reset FF123, thereby causing SHIFT
LIMIT to go high and inhibit gate 91 to stop further shift-
ing of the Input Register. The count of 52 is at ¢B time,
ahead of A which produces the shifting, so that 51 bits
will be in the Input Register. The remaining two parity
bits will not be entered, but will go the parity check cir-
cuits.

Describing the parity check, the TC2¢ output of the
sync counter (FIG. 9) is applied to FF126, connected as
a toggle fiip-flop which changes state at each trigger pulse.
The outputs thus enable gates 127, 128 alternately.
SERIAL INPUT, applied to both gates, is low for 1-bits
and high for 0-bits. Accordingly, 1-bits will allow ¢A
pulses to trigger FF’s 131, 132 alternately as FF126 tog-
gles, so as to count separately the odd and even 1-bits in
the message. These FF’s have previously been reset by
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DR through gate 133. For correct (odd) parity, both FF’s
should end in a set condition, giving low 0-outputs, These
are applied to gate 134.

As an added safeguard against an incorrect price, the
rrice information in the Input Register is checked for
BCD digits from 10 to 15, since only BCD 0 to 9 should
be present. IR28-30, 32-34, and 36-38 are applied to
gates in Detect 135 in proper combinations to recognize
BCD 16-15, and the gate outputs combined and applied
to gate 134 to inhibit it if one of these numbers is de-
tected. With correct parity and no BCD 1015, the output
of gate 134 will go high, and is inverted and applied to
gate 136.

As a further safeguard, the SIC portion of the Input
Register is checked to make sure the first character posi-
tion is not blank, IR1-5 are applied to OR137. If all inputs
are low, there is no first character and the output of
OR137 will be high to inhibit gate 136. If any input is
kigh, the output of 137 will be low.

Cutputs of SM counter 119 are applied to gate 138 to
develop SM54 at a count of 54, and this is inverted to
form SM54. With the other inputs low, SM54 sets GM
FF141 to produce a high GM and low GM which steer
FF142 toward set. OTC RESET at gate 143 is low if the
output logic is not busy, and ¢A sets FF142 to yield a
high IT and low TT. The latter is inverted and rescts
FF141. As above described, IT supplies the information
in the Input Register to the storage registers of FIG. 8.

FIG. 12 shows the message counter which rejects the
second of a pair of duplicate messages occurring before
the first has been processed. Toggle FF145 and FFi146
are reset by IT. The resultant high 0-output of FF145 in-
hibits gate 147, When a sync pattern of the next message
is detected, DR to gate 148 goes low and a ¢B pulse sets
FF145, yielding a low 0-output which enables gate 147.
When SM54 cccurs at the end of the message, gate 147
passes a ¢A pulse and produces a high MC1 output. This
resets GM FF141 in FIG. 11, thereby preventing FF142
from developing a high IT.

As long as FF141 is set, the high GM signal to gate 112
of FIG. 10 preveénts the sync detector from looking for
a new sync pattern. The reset of FF141 allows a new sync
pattern to be recognized. After rejecting one message,
the next DR resets FF145 and at the same time sets
FF146. Resetting FF145 inhibits gate 147 so that MC1
cannot be developed. Setting FF146 produces a high
1-output which is fed back to inhibit gate 148 so that the
next DR is not effective. When IT transfers the message
from the input register, it resets FF145 and FF146 to
their initial states. If a DR is then present, a new cycle of
operation begins. Overall, when a first message is ac-
cepted, the second is rejected, and the third locked up in
the input register until IT is developed.

FIG. 13 shows the message decoding. The MC outputs
of the storage register of FIG. 8b are supplied to decoder
gates in block 151. Table 152 shows the coding com-
binations for the prices shown at the right. The gates in
151 and the inputs thereto are selected to recognize the
various code combinations and yield respective outputs.

FIG. 14 shows the output transfer counter circuit.
Counter 154 has eight stages and counts ¢B pulses. The
1-outputs and O-outputs of the stages are brought out as
indicated. Prior to the transfer of a message from the
input register, FF155 is in its set state, and its high 1-out-
put holds counter 154 in its reset condition. Upon transfer
of a message, IT resets FF155, thereby releasing the
reset to counter 154 and allowing counting to proceed.
The various outputs of the counter are applied to gates in
block 156 of FIG. 14a in combinations selected to yield
the output count signals indicated. These count signals
control the timing of the output transfer operations. To
stop counter 154, an OT RESET signal from FIG. 16 is
applied to FF155 to set it, thereby resetting counter 154
and holding it reset until a new IT is produced.
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FIG. 15 shows the SIC Test and Useable Message
Detector. For a message to be useable the corresponding
SIC must be on either the Full Range or Last Sale boards,
or on both. It must also contain a price category which
is on the boards. The test is made at count OTC 12, which
is applied as set steering inputs to FF157 and FF158.
FF157 is reset by a previous ¢A pulse and its 1-output to
gate 159 is low, A 32KC pulse sets FF158 and gives a
low O-output to gate 159. The output of gate 159 goes high
and is inverted to form a low SIC TEST. This si__g_pal re-
mains low until the trailing edge of the next ¢C pulse
triggers FF157 to its set state, making its 1-output high
to inhibit gate 159. The setting of FF157 gives a low 9
(Force nines) used in FIGS. 18 and 27. The pext ¢A
pulse resets FF157.

The low SIC TEST enables gate 161. If all the category
inputs to OR162 are low, a useable category is not present
and the high output of 162 is inverted and further enables

gate’ 161. The next #C pulse then produces a high o

TSHABLE MESSAGH signal indicating the message is
not useable. If the output of OR162 is low, the message is
considered useable insofar as price category is concerned.

The determination of SIC on the board will be described
later. If not present on either board, both signals LTTN
and LSTN will be high. These are inverted and applied to
gates 163, 164 along -with the low SIC TEST, and the
gate outputs will go high at ¢A to set FF165 and FF166.
The respective outputs to gate 167 will be low and the
MSG CODE output will go high. This will predominate
over the low output of OR162 and produce a high cutput
from gate 161, The setting of FF165, FF166 will also pro-
duce high FRK and LSK signals used in the clear board
detector of FIG. 16.

If the message SIC is on the board, one or the other 3

of signals LTTN, LSTN will be low, leaving the corre-
sponding FF reset and producing a low MSG CODE sig-
nal. This, with the low output of OR162, will make the
output of gate 161 low, corresponding to a useable mes-
sage. When OTC RESHT goes low after a message has
been transferred to the board (described later), it is in-
verted and resets FF165, FF166.

Referring to FIG. 16, GSEABLE MESSAGE is applied
to OR171 and the output inverted to yield OT RESET.
If the latter is high at OCT 12, corresponding to a non-
useable message, it will reset the OTC counter 154 in
FIG. 14 and abort the transfer operation. FF172 will have
been reset by a previous OT RESET, yielding a low OT
and a high OT, and if the message is useable it will remain
reset at OTC 12. At a count of 15, the low OTC15 to gate
173 will pass ¢A to set FF172, producing a high OT and
low OT which enable the solenoids in the board modules,
and also steering FF174 toward set. Gate 175, with inputs
shown, recognizes a count of 40 and ¢A sets FCF174 to
produce a high OTD and low OTD which enable the mo-
tors in the board modules. If no clear board condition
exists at a count of 220, a compulsory reset is produced.
Gate 176 recognizes the count and a ¢C pulse resets
FF174, and produces a high OT RESET which resets
FF172 and the OTC counter of FIG. 14.

The lower portion of FIG. 16 is the clear board de-
tector. K signals from the full range board are applied to
gate 178 and those from the last sale board to gate 179.
As will be explained, one or more of these signals will be
high if the corresponding solenoids in the board modules
are energized. When all are de-energized, the solenoids
have completed their positioning function and all K sig-
nals will be low, giving high outputs from the gates.
These are inverted in OR181 and OR182, combined, and
applied as a low input to gate 183. OTD is low whenever
a module motor is operating. To insure that the motors
are energized sufficiently long to reach the detent positions
established by the solenoids, FF184 is set at a count of
41 recognized by gate 185 from the inputs shown, making
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line 186 high to inhibit gate 183. At a count of 92 recog-
nized by gate 187, FF184 is reset, making line 186 low
and completing the enabling of gate 183. The resultant
high output is inverted and releases the reset to FF188,
FF189. The following OTC2° pulse sets FF188 to provide
set steering inputs to FF189, and the next pulse sets
FF189. The resultant high 1-output to OR171 resets
FF172, FF174 and OTC counter 154, thereby terminating
the output transfer cycle. The delay provided by FF188,
FF189 insures that a clear board condition will exist for
a short interval before OTC reset, so that a momentary
false clear signal will not be effective.

As described for FIG. 15, if the SIC of the message is
not on either board, MSG CODE will be high and pro-
duce a high USEABLE MESSAGH. In FIG. 16, this will
immediately produce a high OT RESET which resets the
counter of FIG. 14.

If the SIC is on one board but not on the other, K
signals will not be produced for one of gates 178, 179.
However, the corresponding FRK or LSK signal will go
high, FRK and LSK are applied to OR181 and OR182,
respectively. Assuming the SIC is on the full range board,
FRK will be low but the output of gate 178 will go high
when the null condition has been reached, making the
output of OR181 low. The high LSK to OR182 will make
its output low. Thus, when a null has been reached on the
full range board, gate 183 will operate as above described.

FIG. 17 shows the manner in which message control
signals are developed. A brief explanation of the operating
procedure will facilitate understanding. After a day’s
transactions, say at midnight, Close signals are transmitted
to give tems, units and fractions of the closing prices for
the day, and Close Hundreds signals are transmitted sepa-
rately to give the hundreds digit. The Close signals are
also used to set Open, High and Low modules to blanks,
and the Close Hundreds signals set the Last modules to
blanks. This separation of blanking operations avoids
excessive power requirements. At the beginning of the
next day, Open prices for stocks are transmitted and
entered in Open, High, Low and Last positions. There-
after, during the day, only Last prices for stocks are trans-
mitted, and New High (NH) and New Low (NL) prices
are determined by a computer at the board location and
entered in the corresponding positions. This local compu-
tation greatly decreases the number of messages required
to be transmitted. Ocassionally an Open price may be
sent out incorrectly, and in such case an Open Correction
message is transmitted which is entered in only the Open
position.

For commodities, opening prices are sent -out under a
Bid message code, and subsequent prices under a Last
message code. Commodities are likely to vary widely in
price during the day and requires a more elaborate com-
puter. Accordingly, Special High and Special Low mes-
sages are transmitted for commodities.

Referring now to FIG. 17, OR circuits 191 are supplied
with the signals indicated, from the message decoder of
FIG. 13. Their outputs are supplied to gates 192 which
also have OT applied thereto so that they are effective
only when an output is to be supplied to the board mod-
ules. The output of gates 192 are inverted to yield the
signals indicated. As is apparent, an input CLOSE will
produce output CLOSE, LOW, HIGH and OPEN. An
input CLOSE HUNDREDS will produce output CLOSHE
HUNDREDS and TAST. An input LAST will produce
an output LAST. It is also inverted, without gating by
OT, to produce LAST. An input OPEN will produce
output OPEN, LOW, HIGH and LAST. An input OPEN
CORR. will produce output OPEN. An input BID will
produce output OPEN.

The input SPEC. HIGH and the computed NH produce
HIGH and the input SPEC. LOW and computed NL pro-

duce TOW. These signals are also inverted and supplied to
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gates 193, 193" gated by OTD to light respective green
and red lamps on the boards.

FIG. 18 shows the manner in which the signals from
the price storage register of FIG. 8a are used to develop
signals for the board control Dacon circuits. The high
bits QH20-23 are double inverted to yield CH20-23 for
the hundreds digits of a Close price. In case there is no
hundreds digit, it is preferred to have the board show
a blank rather than a zero. If all the QH bits are low,
indicating a zero, the condition is recognized by gate 194
and a high inhibiting output applied to gates 195, 195",
The resultant CH outputs will be a BCD 10 (1010) which
will set the corresponding board module to a blank posi-
tion, as hereafter described.

The QH signals are also double inverted to form T20-23
for the tens digits of prices other than Close. Hundreds
and tens are in separate messages so the QH signals can
serve for both. Similarly, QM and QL inputs are double
inverted to form respective U and F outputs for units and
fractions.

For blanking the other price positions when CLOSE
and CLOSE HUNDREDS occur, these signals are sup-
plied to OR196, the output inverted, and used to inhibit
gates 197, 197’ and 198, 198’, thereby yielding a BCD 10
in the T outputs. The inverted output of gate 196 is also
connected to produce a BCD 10 for both the U and F
outputs.

As will be explained later, for detecting SIC on the
board the T outputs are forced to all zeroes at an OTC
count of 12, This is accomplished by a high OTC12-+13
applied to the T output gates to give all low T outputs.
Forcing nines is used in the High-Low computer at an
OTC count of 13, and to this end a low F9 is applied
through inverters to force T2? and 23 high, giving binary
1001 corresponding to BCD 9.

In the High-Low computer the signal M(64-1)T is
used. This is obtained from gate 199 supplied with
QH21-23, Signal M(8-+9)T is also used, and is obtained
from gate 200 supplied with the QH inputs shown, and

also gated by OTC13 and ¢C.

FIG. 19 shows a Dacon input circuit, one of which is
provided for each digit of each price position on the
boards. The one illustrated uses CH signals from FIG. 18.
CH23 has a high level (ground) for a 1-bit, and a low
level (—6 v.) for a 0-bit. For a high level input, transistor
Q1 will be cut off. Transistors with an arrow toward the
base are PNP, and NPN have an arrow away from the
base. Current flowing through resistor 201, diodes 202
and resistor 203 will produce a voltage at point 204, and
are selected so that under these conditions point 204 is
at —18 v. Q2 is connected as an emitter-follower, and
the output voltage A23 will be —18 v. Q3 will thus be cut
off. For a low level input, the input diode 205 will block
the signal, the base bias resistors of Q1 are selected so
that Q1 conducts, and its collector will be at substantially
ground, grounding point 206. Point 204 will now be some-
what positive to ground, causing Q3 to conduct and cut-
ting off Q2. The current flowing through Q3 and diodes
202 makes the output A23 at ground potential. The other
CH signals are applied to similar amplifiers to produce
outputs A22, A2! and A20. The slider of potentiometer
207 is adjusted to give an A2 output of —18 volts. Slight
adjustments of the potentiometer may be made to com-
pensate for variations in the resistors and in voltage sup-
plies.

The A outputs are supplied through respective resistors
208, 209, 210 and 211 to the output DN line. These re-
sistors are graded, for example, 1, 2, 4, 8K as shown,
and, together with the A2 resistor 212, convert the binary-
coded amplifier outputs to an analog voltage in line DN.
For a BCD-0, all amplifier outputs will be at ground.
Thus resistors 2¢8-211 will be in parallel from the ground
to the DN line. The A2 voltage will be voltage-divided
to yield, with the values shown, a DN output of —1.125 v.
A BCD 10 will give a DN output of —12.375. The inter-

[z

10

25

30

[95]
518

4

<

50

60

65

70

12

mediate BCD digits will give intermediate output voltages,
and their values correspond to those shown in FIG. 20.

To determine the presence of SIC on the board, the T
outputs of FIG. 18 are forced to all 0-bits at OTC12-+13.
These go to the tens digit modules on the last sale board,
and the tens modules of the last sale position of the full
range board. For this test a DN output at ground level
is desired. Accordingly, the A2 voltage of FIG. 19 is
made zero.

To accomplish this, the input amplifiers of the last
sale tens modules are modified as shown in FIG. 19a.
Instead of obtaining A2 from a potentiometer, an addi-
tional amplifier 213, like that shown in FIG. 19, is em-
ployed. When SIC TEST is high, for normal operation,
the A2 output of amplifier 213 is —18 v., and the circuit
functions the same as in FIG. 19. When SIC TEST goes
low for the test, the A2 output of amplifier 213 is at
ground level. The A20-23 inputs are all at ground level,
giving a ground level DN,

FIG. 20 shows the arrangement of rotary switch 55 in
the numeric sub-module of FIG. 4. In practice, a shorting
type switch is employed with the switch arm momentarily
shorting adjacent contacts midway therebetween. The
centers of the contacts are substanitally aligned with the
slots 51 of the detent wheel 49 of FIG. 4. The switch
has 12 positions, with the top position connected to the
switch arm 214. The displayed digit positions 0-9, and
the blank position 10, are connected by the series resistors
shown, and energized through resistors to ground and
~18 v. to yield the negative voltages shown at each posi-
tion. As above mentioned, the DN voltage of FIG. 19
has similar values for similar digits. Consequently, if the
negative voltages match, the sub-module is correctly set.
Otherwise, the module motor operates until a match
(null) is obtained. In order to decrease the overall time
for changing @ displayed digit, circuits are provided
which drive the motor in the direction giving the shortest
path to reach the new null position.

FIG. 21 shows a Dacon null detector, one of which
is provided for each digit position of each price position
on the board. The MN (displayed Module Number) input
to Q4 is the switch arm output of FIG. 20. The DN (De-
sired Number) is from FIG. 19. MN is applied to emitter-
follower Q4, producing —MN which is applied to emitter-
follower Q5. Similarly, DN is applied to emitter-follower
Q6, producing —DN which is applied to emitter-follower
Q7. The emitter of Q5 is connected through line 216 to
the base of Q8 and emitter of Q9. The emitter of Q7 is
connected through line 217 to the emitter of Q8 and base
of Q9.

Assume first that MN is more negative than DN, say
—10.1 v. for a displayed 8 and —5.6 v. for a desired 4.
Line 216 will tend to be more negative than line 217,
thereby cutting off Q8 and turning on Q9. With Q9 on,
the collector voltage in line 218 (N1) will be negative.
The negative excursion is limited to substantially —0.5
volts by diode 221. With Q8 cut off, the collector output
in line 219 (N3) will be positive, and the positive ex-
cursion will be limited to substantially +0.5 v. by the
base-emiter path of Q11. If MN is less negative than
DN, Q8 will be on and Q9 off. N1 will now be positive
and limited to 4-0.5 v. by the base-emitter path of Q10.
N3 will be negative and limited to —0.5 v. by diode 222.

With N1 negative, Q18 will be cut off. Resistors 223,
224 and 225 are selected so that under these conditions
the base of Q12 is positive to ground. Hence Q12 conducts
to give an SAA output of approximately 0 volt. Q13 will
also be cut off, giving an N2 output of —6 v. from the
source connected to diode 226. If the opposite conditions
of MN and DN exist to make N1 positive, Q10 will be
on, bringing its collector close to ground. This will cut
off Q12, causing SAA to go positive. Resistors 227 and
228 are predetermined to make the magnitude of SAA
slightly greater than one-half the range of analog voltages,
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say +6.3 v. With Q10 on, Q13 will be turned on to give
an N2 output of substantially 0 volts.

For the first condition with MN negative to DN, N3
will be positive, turning on Q11. Q14 will be turned on,
giving an N4 output of substantially 0 volt. Q15 will be
off, giving a negative SAB output, selected to be slightly
greater than one-half the range of analog voltages, spe-
cifically —6.3 v. For the opposite conditions of MN and
DN, Q11 will be off, Q14 to yield an N4 of —6 v., and
Q15-on to make SAB substantially 0 volts.

If MN and DN are at the same negative potential, both
Q8 and Q9 will be cut off, yielding positive N1 and N3
outputs. Thus, both N2 and N4 will be at substantially
0 volts, SAA will be +6.3 v. and SAB at —6.3 v.

The above relationships are summarized in the table
of FIG. 23.

FIG. 22 shows the Dacon direction detector which
determines which way the numeric sub-module motor
should turn to reach a new position by the shortest path.
Signals SAA, SAB and —DN developed in FIG. 21 are
applied to equal resistors 231. Although the MN signal
and a resistor of the same value could be used, in order
to avoid using an amplifier having larger linear range
than normally required, provision is made to apply
+MN/2 through resistor 232 having half the value of
the others. The resistors are connected to line 233 and
to the base of transistor Q16 to form a summing amplifier.

The MN/2 signal is developed by applying —MN to
Q17 having an amplification factor of one-half, thereby
yielding a collector output of +MN/2. This is applied
through emitter-follower Q18 to resistor 232. Q16 is a
high gain transistor with its emitter held slightly negative
by diode 234. Hence it conducts when line 233 is posi-
tive, and is cut off when line 233 is substantially negative.
The: equations in FIG. 23 shows the various conditions
making line 233 positive or negative, the —6.3 being
SAB and the 4-6.3 being SAA.

When Q16 conducts its collector is slightly negative
and cuts off Q19. Resistors 235-237 and Zener diode 238
are selected so that under these conditions the base of
Q20 is positive to cut off Q20. Consequently output DR2
is —6 v. If Q16 is cut off, Q19 is on and Q20 is on, yield-
ing a substantially zero DR2. Zener 238 and capacitor
239 provide a delay in changing DR2 from one value
to the other, so that spurious noise pulses in input —MN
will not produce momentary changes in DR2. The reason
for making the magnitude of SAA SAB slightly greater
than one-half the range of analog voltages is to avoid
an ambiguity in the direction of rotation when the dis-
played and desired digit positions are diametrically
opposite.

As a specific example, with

MN=10.125 and DN=—5.625

FIG. 20 shows that the shortest path is down (counter-
clockwise). From the above example and from FIG. 23,
N2=-6.0, N4=0, SAA=0 and S4B=—6.3. Equation
1b applies, DR2=0, and the down direction will result.
FIG. 24 shows the manner in which N2, N4 and DR2
are used to control the solenoid and motor in a numeric
submodule. One such circuit is provided for each digit
of each price position, and that illustrated is for Close
Tens. N2 and N4 are inverted to form N2, N4 and applied
to gate 241. The output of 241 is applied to gate 242
along with CLOSE. The latter is low at an OTC count
of 15 (OT time) if the message is a close price. If both
N2 and N4 are high (0 volts), no sub-module change is
required, and the output of gate 241 will be high to in-
hibit gate 242. If either N2 or N4 is low a change is
required. the output of gate 241 will be low, and gate
242 supplies a high output to solenoid driver 243. This
gives a driver output CTSC (Close Tens Solenoid Con-
trol). A high CTK is also produced. The driver is designed
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to provide a suitable voltage for operating the solenoids,
say 417 volts. .

The output of gate 241 and CLOSE are also applied
to gate 244, along with OTD which goes low at an OTC
count of 40. The resultant high output of 244 is supplied
to OR245, and the low output of the latter in line 246
releases FF247. CLOSH and OTC 41-92 to gate 248 and
OR245 continues the release until a count of 92. DR2 is
applied to gate 249, and inverted and applied to gate 250,
along with OTC41-92. Gates 249, 250 are connected to
opposite inputs of FF247. Accordingly, at a count of 40,
FF247 will be set to one or the other of its states de-
pending on whether DR2 is high or low. Gates 249, 250
are then inhibited during counts 41-92 so that the state
of FF247 cannot be changed. The outputs of FF247 are
supplied to motor driver 251 to produce driving signals
of either polarity depending on the setting of the FF.
Driver 251 may be two separate drivers, each operating
when its input is at a high level, and arranged to give
opposite polarity outputs. Whichever output is effective
is amplified to form CTMC (Close Tens Motor Control).
Signals of 414 and —14 v, are those actually employed.
This causes the motor to run in the proper direction for
the shortest path, as determined by DR2.

When the motor has driven the sub-module to its proper
digit, N2 and N4 both go high, thus inhibiting gate 242
and cutting off CTSC. This releases the solenoid of the
sub-module so that its detent arm 53 (FIG. 4) can drop
into the next slot of detent wheel 49. CTK also goes low
to indicate that a null has been reached. The high N2
and N4 will also inhibit gate 244 and cause release line
246 to go high and lock up FF247, provided an OTC
count of 92 has been reached. Both outputs of FF247
will then go low, so that driver 251 will no longer yield an
output of either polarity. The motor inertia causes it to
coast until the detent becomes effective.

The circuit of FIG. 24 for other sub-modules, such as
Close Units, High Fractions, etc. will receive signals N2,
N4, DR2 corresponding to those sub-modules. For Close
Units, signals CUK, CUSC and CUMC will be produced.
For High Fractions, signals HFK, HFSC and HFMC will
be produced, etc.

The Last Tens sub-modules on the Full Range and Last
Sale boards are used for detecting SIC on the board, as
above mentioned. These sub-modules have an additional
output shown dotted in FIG. 24 and labelled LTTN,
LSTN for Last Tens Null of the full range and last sale
boards, respectively. Also, the HIGH and LOW Tens
sub-modules have outputs at the same points for HIGH
NULL and LOW NULL signals used in the High-Low
computer. These signals are high when N2 and N4 go
high, corresponding to the null condition.

FIG. 25 shows details of the board module control.
That illustrated is for the Full Range board. Switches 45
are those of the alpha sub-module of FIG. 3, and are set
in the SIC sombination for the stock to be displayed.
SCR1-1 through §, and barred signals, from FIG. 8¢ are
applied to the switch contacts. Similar sets of switches for
SCR2, 3, 4 are indicated by boxes. The arms of all the
switches are connected to gate 255. The switch settings
are arranged so that, when all inputs to gate 255 are low,
the proper SIC is recognized. The resultant high output
is amplified and energizes SIC relay 256 to close the
ganged switches. The dotted box 257 shows the Close
position. Solenoids 54 are those in the numeric sub-
modules of FIG. 4 for the respective digits, and are con-
nected to the solenoid control lines CHSC, etc. from the
corresponding solenoid drivers 243 (FIG. 24). When
switch 258 is closed, it grounds solenoids 54 through
respective diodes so that the solenoids can be energized in
accordance with the SC signals. v

Rotary switches 55 are those of the numeric sub-mod-
ules, and are like that of FIG. 20. Closing of switch 259
applies —18 v. to the switches so that SW signals CHSW,
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etc. can be developed in accordance with the digit settings.
Sub-module motors 47 are grounded on one side by
switch 261, and the other sides receive MC signals CHMC,
etc. from the corresponding motor drivers (FIG. 24).
Box 262 contains four arrangements like box 257, except
that the hundreds digit and associated circuits are omitted.
Switch 263 applies —12 v. to the Green and Red lamps in
the High and Low positions, so that they can be lighted as
described for FIG. 17.

It will thus be seen that none of the numeric sub-mod-
ules can be actuated until the SIC has been recognized.
When it is, the numeric sub-modules are enabled for
actuation as required to display new prices.

The Last Sale board contains SIC recognition circuits
like that shown, for each stock position, and solenoids,
rotary switches and motors like the Last Sale position on
the full range board.

The detection of SIC on the board can now be explained.
If the SIC of the message corresponds to a stock setting
on either the Full Range or Last Sale boards, the cor-
responding SIC relay 256 will be energized. This supplies
—18 v. to the rotary switches 55. From FIG. 20 it will be
apparent that all rotary switch outputs will be at some
negative potential to ground, since the switches do not
stop at their top positions (no detent slot). Thus the SW
output of the tens sub-modules in the Last Sale position
will be negative. This is MN in FIG. 21. DN from FIG.
19¢ is at ground for the SIC test, in order that it will be
less in magnitude than the lowest negative voltage cor-
responding to digit 1. This combination, from FIG. 23,
gives a low N2. From FIG. 24, either LTTN or LSTN
will therefore be low, depending on which board contains
the matching SIC. Or, both may be low if the stock is on
both boards. From FIG. 15, a low LTTN or LSTN allows
a low USEABLE MESSAGE to be developed. ‘

If the SIC is not on either board, SW will be at ground,
equal to DN, and both N2 and N4 will be high. This
makes both LTTN and LSTN high, and the output of
FIG. 15 will be high to indicate the message is not useable.

FIGS. 26A and 26B, placed together, show the over-
all arrangement of the controls for the board positions.
The bottom row shows the Last Sale board, and the rows
thereabove show the Full Range board. The first column
of FIG. 26A shows input amplifier and digit/analog con-
verter units like FIG. 19 for each digit of each price posi-
tion, and the inputs from FIG. 18 supplied thereto. The
second column shows null detector, summer and output
amplifier units like those of FIGS. 21, 22 for each digit
of each price position. The third column shows solenoid
and motor control units like FIG. 24, also for each digit
of each price position. In this column, lines 265 bear no
legend because of insufficient space. Signals HIGH, LOW
and LAST are applied to respective units in the associated
blocks. The outputs are collected and supplied to FIG.
26B.

The muiti-conductor cables at the left of FIG. 26B
bear legends indicating the signals supplied therethrough.
Three stock positions are shown for the full range board,
and others are added as desired. SIC lines go in parallel to
all stock positions, as do the SC and MC signals for each
digit of each price category. Similarly the SW signals are
collected in parallel for all stock positions of each digit
of each price category. This is possible since the SIC
coincidence determines the stock location where the SC
and MC signals are useable, and where SW signals can be
produced.

In the Last Sale board at the bottom, the SIC COINC
and LAST SALE positions have been rearranged to cor-
respond to the Full Range board arrangement, for ready
understanding. The actual physical arrangement is shown
in FIG. 2.

FIG. 27 shows the computer used to determine whether
the price in a Last message is a new high or new low. The
price in the incoming Last message is compared with the
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prices then present in the high and low positions on the
board in accordance with the following Boolean equations:

NH=[(MT>BHT)--(MT=BHT)(MU>BHU)
+(MT=BHT)(MU=BHU)(MH>BHF)]
[THT=83F9)(BHT=0)]+4 (MT=0-+1) (BHT=9)
NL=[(MT<BLT)+(MT=BLT)(MU<BLU)
4+ (MT=BLT)(MU=BLU) (MF<BLF)}
((MT=0F1){BLT=9) 14+ (MT=8-+9) (BLT=0)
where: MT=Message Tens Digit
BHT=Board High Tens Digit
BLT=Board Low Tens Digit
MU=Message Units Digit
BLF=Board Low Fractions Digit
efc.

The NH equation compares the message tens, units and
fractions with the corresponding digits in the high posi-
tion of the board. The NL equation makes a similar
comparison for the low position on the board. A plus
sign (+) is read as “or” and products indicated by
brackets or parentheses are read as “and” in accordance
with present conventions.

Considering first the NH equation, the terms within
the first bracket compare relative magnitudes of the mes-
sage and board digits, and suffice when there is no change
in the hundreds digit. When there is a change in the
hundreds digit, special arrangements are employed inas-
much as this digit is not displayed for High or Low prices.
The first term within the bracket determines whether the
message tens digit is higher than the board tens digit and,
if so, a new high is indicated. If the tens are the same, the
second term determines whether the message units are
higher than the board units. If they are the same, the
third term determines whether the message fractions are
higher than the board fractions.

If the new message price is 99%5 and the board price
is 101%4 the first bracket will give a wrong answer, since
9 is greater than 0 in the tens position. The second bracket
takes care of a wrong answer. If the tens digit in the mes-
sage is 8 or 9, and that of the board is 0, the result of
the first bracket is inhibited.

If the message price is 101%2 and the board price 9914,
the first bracket will again give a wrong answer, but the
second bracket will not inhibit it. The last term of the
equation then applies. If the message tens is 0 or 1, and
the board tens is 9, a new high signal will result.

The NL equation is similar. In the first bracket the
first term specifies that if the message tens is less than the
board tens, a new low is indicated, and similarly for
units and fractions. The second bracket guards against
the situation where the first bracket will give an erroneous
result where a message price is 101%4 and the board price
is 99%4. Similarly, the last term produces a new low when
the message is 99 and the board is 101%5.

The circuits of FIG. 27 implement these equations.
In order to use the Dacon circuits for determining whether
the board tens digit is 0 or 9, the Dacon inputs are forced
to the 0 and 9 conditions at different times, and the pres-
ence or absence of a null under each of these conditions
is determined. These results are used in the second bracket
and the last tenm of each equation, and are obtained at
OTC 13¢B and 13¢C times, respectively. If the results are
not controlling, the result of the first bracket is deter-
mined at OTC 14¢C time.

For detremining a 9 in the tens digit of the High and
Low positions, FIG. 18 shows that T'g forces the T outputs
to a BCD 9. This occurs at an OTC count of 12¢C to
13¢A (FIG. 15). The T outputs go to the Dacon circuits
of the tens digits of all board modules, but only those
positions containing the proper SIC can operate. If a 9
is then being displayed in either the High or Low posi-
tions, the corresponding HIGH NULL and LOW NULL
signals (FIG. 24) will be high and are supplied to in-
verters 271, 272.
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Signal M (041) T from FIG. 18 is high for a 0 or 1 in
the hundreds digit of the message, and is applied through
inverter 273 to gate 274, along with the output of inverter
271. With a message 0 or 1 and a 9 from the board, gate
274 will give a high oufput at 13¢B time, which. is in-
verted and supplied to gate 275. Gate 275 is enabled by
TAST and F9, and the output will go high to set FF276.
This delivers a low signal to gate 277 which yields a high
NH output. This corresponds to the last term in the NH
equation, A high NHFF signal is also produced.

TAST” from FIG. 17 is used for gate 275 and the
gates thereabove, rather than LAST, since the latter is
sgated by OT which occurs at a count of 15, too late for
the computer.

The outputs of inverters 272, 273 are supplied to gate
278 along with F9. If a 9 is on the board and the message
is 0 or 1, the output of gate 278 will go high. This is in-
verted, gated by ¢B in 279, and sets NL Inhibit FF281.
Line 282 goes high to inhibit NL gate 283. This satisfies
the second bracket in the NL equation.

At time 13¢C the T outputs of FIG. 18 will be all
04bits, If the tens digit is 0 at either the High or Low
board positions, the respective HIGH NULL and LOW
NULL signals will be high. Signal M (8+9) T from FIG.
18 will be high for a message 8 or 9 at this time, and is
supplied to inverter 284. The outputs of inverters 272, 284
are supplied to gate 285, and its output goes high for a
message 8 or 9 and a 0 in the Low position. This inverted
and supplied to gate 286 along with T"AST, and the high
output of 286 sets FF286 and delivers a low input to
gate 283, producing a high NL. This satisfies the last term
in the NL equation. FF287 also produces a high NLFF
signal.

Also at time 13¢C, the outputs of inverters 271 and
284 to gate 288 will be low for a message 8 or 9 and a
board 0. The resultant high output of 288 sets NH In-
hibit FF289, making line 291 high to inhibit NH gate
2717. This satisfies the second bracket in the NH equation.

Considering now the first bracket of the equations,
inverted N2 and N4 signals (FIG. 21) of the High and
Low Dacon circuits for tens, units and fractions are
brought out and supplied to gates and OR circuits at the
top of FIG. 27 as shown. This determination is made at
time 14¢C. If an NL or NH signal has already been de-
veloped by the last term of either equation, either NHFF
or NLFF will be high. In such case, the first bracket does
not apply. The signals are applied to OR292 and the out-
put inverted to inhibit gate 293. Otherwise OTCI4 and
¢C produces a high gate output which is inverted to form

14¢4C and enables gates 293, 294.

If either FF281 or FF289 has been set in accordance
with the second bracket of the NL or NH equations, the
respective NL gate 283 or NH gate 277 will be inhibited
so that the result of the first bracket will be ineffective.
Otherwise, the following will apply.

If HTNA to OR295 is high, the corresponding N4 is
low, and the table of FIG. 23 shows that MN is less than
DN. This means that the desired message tens digit is
greater than the board module tens digit. Accordingly,
OR295 enables gate 293 and its high output sets FF276
to produce a high NH. If HITN4 is low, the preceding gate
applies. If ATN2 to gate 296 is high, the message tens
digit is less than the board’s, and the gate is inhibited. If
low, the tens digits are equal and the gate enabled. (The
table of FIG. 23 shows that a high N2 and a low N2 also
corresponds to a message digit greater than a board digit,
but this has been excluded if N4 is low and N4 high.)
HAUN4 is high if the message units digit is greater than
the board’s, and the resultant low output of OR297 passes
through gate 296, OR295, etc. to produce a high NH. If
HUNZ is low, the preceding gate applies. HUN2 to gate
298 is high if the message units digit is less than the
board’s and inhibits the gate. If low, the units digits are
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equal and gate 298 enabled. If HFN4 is low, correspond-
ing to a message fractions greater than the board’s, the
output of gate 298 goes high and produces a. high NH.
Accordingly, the first bracket of the NH equation has been
implemented.

The implementing of the first bracket of the NL equa-
tion is similar, except that the N2 and N4 signals are
interchanged since a low N2 corresponds to a message
digit less than the board digit. A high LTN2 to OR301
gives a low output to gate 294, the resultant high to FF287
sets it, and the low to gate 283 gives a high NL. The oper-
ation of the remaining gates for developing a new low will
be understood from the above description of the new
high circuit,

If a commodity is being received, the computer is not
used. C14C2-+C3 from FIG. 8d steers FF307 toward
set, and the trailing edge of IT triggers it to yield a high
1-output which inhibits NL gate 283 and NH gate 277.

The foregoing has been described specifically for the
message format of FIG. 5a. For that of FIG. 5b, the input
register of FIG. 7 may be shortened to 39 stages and the
SM counter of FIG. 10 changed to stop shifting into the
input register at 40 rather than 52, and to produce SM42
rather than SM54.

The invention has been described in connection with a
specific embodiment containing a large number of fea-
tures promoting rapid updating, reliability and economy.
1t will be understood that some features may be employed
and others omitted within the spirit and scope of the in-
vention as defined in the claims. Also, many modifications
in the detailed circuits may be made as desired.

We claim:

1. A stock quotation board system for stocks, commodi-
ties and the like which comprises

(a) means for receiving quotation messages having 2
coded stock identification section, a coded price cate-
gory identification setion and a coded price section,

(b) a quotation board having a plurality of stock sec-
tions for displaying the stock identification characters
of selected stocks and associated price sections for
displaying the respective prices,

(c) coding means at each stock section for producing a
coded combination corresponding to the stock dis-
played thereat and means for manually changing
the displayed stock and corresponding coded combi-
nation simultaneously,

(d) means for supplying the coded stock identification
of said messages to said stock sections,

(e) means at each stock section for determining coinci-
dences of the message stock identifications with the
coded combination of the stock displayed thereat.

(f) means responsive to said coincidences for enabling
price sections of the corresponding stocks,

(g) means responsive to the coded price category in
said messages for enabling price sections correspond-
ing thereto,

(h) and updating means responsive to the coded price
section of said messages for changing the displayed
prices in the sections enabled by said coincidences
and coded price category.

2. A system in accordance with claim 1 including

(a) a plurality of display devices at each of said stock
sections for displaying respective characters of a stock
identification,

(b) each display device having manually-operative
means for changing the character displayed thereby
and coding means coupled thereto for simultaneously
changing the character code when the character is
changed.

3. A system in accordance with claim 1 including

(a) a plurality of different category price sections as-
sociated with each stock section,

(b) means responsive to said coincidence of stock iden-
tifications for enabling the category price sections
corresponding thereto,
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(c) and means responsive to said coded price category
identification in a message for enabling the corre-
sponding category price sections associated with a
plurality of said stock sections,

(d) whereby joint enabling by stock and price category
identifications select price sections to be updated.
4. A system in accordance with claim 1 in which said
messages include Last prices and said quotation board
includes High, Low and Last price sections, and including

(a) means responsive to a message Last price and to
the then-existing High and Low prices on the board
for determining whether a Last price is a new High
or new Low price,

(b) and means responsive to said determining for con-
controlling the entry of said Last price in said High
or Low board price sections.

5. A system in accordance with claim 1 including

(a) output cycle means for producing an output cycle
for controlling said updating means,

(b) storage means for storing a message during the
operation of said updating means,

(c) inhibiting means for inhibiting the storage of an-
other message in said storage means during the oper-
ation of said updating means,

(d) means responsive to the completion of an updating
by said updating means for terminating said output
cycle and removing the inhibition of said inhibiting
means,

(e) means for detecting the absence of said coincidence,

(f) and means responsive to said absence for terminat-
ing said output cycle and removing the inhibition of
said inhibiting means.

6. A system in accordance with claim 1 including

(a) an input register for receiving said messages,

(b) storage registers for said stock identification, price
category identification and price information, respec-
tively,

(c) transfer means for supplying respective informa-
tion in said input register to respective storage regis-
ters,

(d) means for inhibiting said transfer means during
the operation of said updating means,

(¢) means effective after a transfer by said transfer
means for entering another message in said input
register,

(f) and means responsive to the completion of an up-
dating by said updating means for removing said in-
hibiting of the transfer means and allowing the trans-
fer of another message from the input register.

7. A system in accordance with claim 1 including

(a) a plurality of digit display units at each board price
section,

(b) each display unit having a digit carrier moveable
to display different digits, a reversible motor for
driving said carrier, a signal-operated detent mecha-
nism for stopping said carrier in each digit display
position, and position sensing means for producing
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different analog voltages for different displayed
digits,

(c) analog means for converting digits of the coded
message prices to corresponding analog voltages,
(d) comparator means for comparing the analog volt-
ages from said position sensing and analog means
for corresponding digit position to determine the
difference therebetween and the direction of the dif-

ference,

(e) direction determining means responsive to said dif-
ference and approximately one-half the analog volt-
age range for determining the motor direction which
yields the shorter path from displayed to message
digit,

(f) means responsive to said difference for disengaging
said detent mechanism until a null is reached,

(g) and means responsive to said direction determining
means for driving said motor in the direction deter-
mined thereby.

8. A stock quotation board system for stocks, com-

modities and the like which comprises

(a) means for receiving quotation messages including
a coded stock identification and a coded price section,

(b) a quotation board having a plurality of stock sec-
tions for displaying the stock identification characters
of selected stocks and associated price sections for
displaying the respective prices,

(c) said messages including Last prices and said quo-
tation board including High, Low, and Last price
sections,

(d) coding means for each stock section for producing
a coded combination corresponding to the stock dis-
played thereat,

(e) means for determining coincidence of the message
stock identifications with the coded combinations of
the displayed stocks,

(f) means responsive to said coincidence for display-
ing message Last prices in the board Last price sec-
tion of the corresponding stock,

(g) means responsive to a message Last price and to
the then-existing High and Low prices on the board
for determining whether a Last price is a new High
or new Low price,

(h) and means responsive to said determining for con-
trolling the entry of a said Last price in said High
or Low board price sections.
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