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157 ABSTRACT

An electronic scorer for scoring bowling games played by a
multiplicity of players including a device for receiving
pinfall information relevant to the balls rolled by a multi-
plicity of players during a bowling game, a single computa-
tion device for computing the bowling scores for all of the
multiplicity of players, a multiple player storage for storing
scores held by the multiplicity of players and other infor-
mation relevant to their games and a single control system
connected 1o the pinfall receiving device, the computer and
the multiple player storage for directing the computation of
the bowling scores of each of the multiplicity of players.

46 Claims, 46 Drawing Figures
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BOWLING SCORER UTILIZING
SEMICONDUCTOR ELEMENTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The present invention relates to automatic bowling
scorers and more particularly to electrical bowling
scoring devices capable of producing information re-
quired for a complete bowling score sheet.

In the past, bowling score devices of electrical-
mechanical construction had been devised to permit the
automatic calculation and display of only part of the
bowling score information which i1s normally manually
placed upon a score sheet during the progress of a bowl-
ing game. These devices have contained only the score
at a particular point in the game rather than providing
information for a complete score sheet. These devices
have not accurately calculated and displayed all of the
special marks associated with the bowling game such as
- strikes, spares, fouls, ball scores, and team mark totals.
For the purpose of official league bowling contests, it is
particularly desirable that a complete bowling score
sheet be produced and be 1n a form which can be pre-
served for an indefinite period of time as a permanent
record of a game. The present invention overcomes the
limitation of past scorers in that it does for the first time
compute and provide all the necessary scoring informa-
tion that is required to print a complete bowling score
sheet.

As 1s well known to those skilled in the art, both
mechanical computers and electrical-mechanical com-
puters require a substantial amount of preventative
maintenance and are subject to definite reliability limita-
tions. The recent rapid advancement in the semiconduc-
tor electronic art has made it possible to produce com-
puter elements which require substantially no preventa-
tive maintenance and have a much higher reliability
than either mechanical or electrical-mechanical de-
vices. The present invention reduces preventative main-
tenance to a minimum and increases the reliability of a
scorer over devices presently utilized in the art by pro-
viding a scorer which is constructed almost entirely of
semiconductor electronic elements.

In the past, it has been necessary to provide a separate
score computer for each bowling lane or pair of lanes
with a score totaling register in each such computer for
each player participating in a game. The present inven-
tion overcomes these past limitations by providing an
electronic scorer which is capable of computing the
scoring in a multiplicity of bowling games which are
simultaneously occurring on a number of bowling lanes.
In addition, the present invention overcomes the neces-
sity of providing a number of totalizing registers by a
construction which requires only one totalizing register
and a storage memory which stores a code word for the
scoring information that is associated with each player
as the bowling game progresses.

It 1s, therefore, an object of the present invention to
provide a new and improved automatic scorer.

Another object is to provide a completely electrical
bowling scorer.

A further object of the present invention is to provide
an electrical scorer for computing bowling scores and
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2

special marks which consists almost entirely of semi-
conductor electronic elements.

An additional object 1s to provide a bowling scorer
which totalizes pinfalls to produce bowling scores in a
single register for a multiplicity of players.

A principal object of the present invention 1s to pro-
vide an electronic scorer wherein the status of each
player’s game and his determinable earned score at any
such status of the game are recorded in a code word
with an identification for the player which may be
transferred between an operating register and a mems-
ory.

Still another object is to provide a computer for a
bowling scoer which will compute all of the scores and
marks which are necessary to produce a complete bowl-
ing score sheet 1n accordance with the American Bowl-
ing Congress rules.

Another principal object of the present invention is to
provide a computer in a bowling scorer which will
provide sufficient information for a printing device to
directly print a bowling score sheet with all of the re-
quired scores and special marks as a bowling game
progresses.

Still another object 1s to provide a bowling scorer
which is capable of separately processing the score
resulting from the pinfall of each ball rolled on a lane
and switching to process other scores resulting from
pinfall on another lane between the processing of the
scores of a player’s first ball and second ball pinfall in
any frame of play on the aforementioned lane.

A still further object i1s to provide a bowling scorer
capable of processing scores resulting from the simulta-
neous bowling on two lanes of two members of a single
feam.

An additional object i1s to provide a bowling scorer
that utilizes a stored state of a player’s game, frame and
ball indicaiion, player’s earned score and pinfall count
from the most recently rolled ball to selected one or
more formulas for computing frame, mark and team
total scores.

A further object i1s to provide a bowling scorer that
sequences bowling lanes between games during team
play.

Another object is to provide a scorer which com-
pletes a full cycle of score computation resulting from
the roll of a ball following an electrical power failure
during the cycle in order to prevent any loss of scoring
information.

A still further object is to provide a first and second
ball indicator in a bowling scorer.

Yet another object of the present invention is to pro-
vide an electrical scorer which can compute bowling
scores including all ball, frame, special marks, and total
scores for a multiplicity of bowlers playing games si-
multaneously on a plurality of bowling lanes.

Further objects and advantages will become apparent
from the following detailed description taken in connec-
tion with the accompanying drawings, in which:

FIG. 11s a perspective view of a computer portion of
an embodiment of the present invention;

FIG. 2 is a perspective view of the portion of the
computer shown in FIG. 1 and other units comprising
an embodiment of the invention;

FIG. 3 1s a perspective view of a test panel forming a
portion of the computer portion illustrated in FIG. 1;

FIG. 4 15 a block diagram of the principal circuits of

the embodiment of the present invention illustrated in
FIGS. 1-3;
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FIG. S is a schematic diagram of a NAND gate uti-
lized in the embodiment of the invention illustrated in
FIGS. 1-4;

FIG. 6 is a logic circuit symbol representing the
NAND gate circuit illustrated in FIG. 3;

FIG. 7 is a schematic drawing of an AND gate uti-
lized in the embodiment of the invention illustrated 1n
FIGS. 1-4;

FIG. 8 is a logic circuit symbol representing the
AND gate illustrated in FIG. 7;

FIG. 9 is a schematic drawing of a binary counter
circuit utilized in the embodiment of the invention illus-
trated 1n FIGS. 1-4;

FIG. 10 is a logic circuit symbol representing the
binary counter illustrated in FIG. 9;

FIG. 11 is a schematic drawing of another binary
counter utilized in the embodiment of the invention
illustrated in FIGS. 1-4;

FIG. 12 is a logic circuit symbol representing the
binary counter illustrated in FIG. 11;

FIG. 13 is a schematic drawing of a delay multivibra-
tor utilized in the embodiment of the invention illus-
trated 1in FIGS. 1-4;

FIG. 14 is a logic circuit symbol representing the
delay multivibrator illustrated in FIG. 13;

FIG. 15 is a schematic drawing of an AC bistable
multivibrator utilized in the embodiment of the inven-
tion allustrated in FIGS. 1-4;

FIG. 16 is a logic circuit symbol representing the AC
bistable multivibrator illustrated in FIG. 15;

FI1G. 17 is a schematic drawing of a simple bistable
multivibrator utilized in the embodiment of the inven-
tion illustrated in FIGS. 1-4;

FIG. 18 is a logic circuit symbol representing the
simple bistable multivibrator illustrated in FIG. 17,

FIG. 19 is a schematic drawing of a power amplifier
utilized in the embodiment of the invention illustrated in
FIGS. 1-4;

FI1G. 20 is a logic circuit symbol representing the
power amplifier illustrated in FIG. 19;

FI1G. 21 is a schematic drawing of a universal bistable
multivibrator utilized in the embodiment of the inven-
tion tllustrated in F1GS. 1-4;

FIG. 22 is a logic circuit symbol representing the
universal bistable multivibrator illustrated in FI1G. 21;

FIG. 23 is a schematic drawing of a shift register
utilized in the embodiment of the invention illustrated In
FIGS. 14;

FIG. 24 is a logic circuit symbol representing the shift
register illustrated in FI1G. 23;

FIG. 25 is a functional diagram of a multivibrator
clock utilized in the embodiment of the invention illus-
trated in FIGS. 1-4;

FIG. 26 is a logic circuit symbol representing the
multivibrator clock illustrated in FIG. 25;

FIG. 27 is a schematic drawing of a solenoid dniver
utilized in the embodiment of the invention illustrated in
FIGS. 1-4;

FIG. 28 is a logic circuit symbol representing the
solenoid driver illustrated in FIG. 27;

FIG. 29 is a schematic diagram of a player’s se-
quencer shown in FIG. 4;

FIG. 30 is a schematic diagram of a pinfall sequencer
shown in FIG. 4,

FIG. 31 is a schematic diagram of a comparator
shown in FIG. 4;

FIG. 32 is a schematic diagram of a shift counter
shown 1n FIG. 4;
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FIG. 33 is a schematic diagram of an out-of-turn unit
shown in FIG. 4;

FIG. 34 is a schematic diagram of a memory shown in
F1G. 4;

FIG. 35 is a schematic diagram of a memory reset
unit shown in FIG. &;

FIG. 36 is a schematic diagram of a state changing
section of a state and output control unit shown in FIG.
4;

FIG. 37 is a procedure diagram illustrating the rela-
tionship of various operating procedures performed by
the state and output control unit shown in FIG. 4;

FIG. 38 is a schematic diagram of a detection section
of the state and output control unit shown 1n FIG. 4;

FI1G. 39 is a schematic diagram of a score section of
an arithmetic unit shown in FIG. 4,

FIG. 40 is a schematic diagram of a box-frame loca-
tion and player identification section of the arithmetic
unit shown in FIG. 4;

FIG. 41 is a schematic diagram of an advanced frame
mark total register section of the arithmetic unit shown
in FIG. 4;

FIG. 42 is a schematic diagram of a first and second
ball section of the arithmetic unit shown in F1G. 4;

FIG. 43 is a schematic diagram of a timing unit
shown 1n FIG. 4;

FIG. 44 is a schematic diagram of an output unit
shown in FIG. 4;

FIG. 45 is a schematic diagram of an output indicator
unit shown in FIG. 4; and

FIG. 46 is a schematic diagram of a power unit
shown in FIG. 4.

While this invention is susceptible of embodiment in
many different forms, there is shown in the drawings
and will herein be described in detail an embodiment of
the invention with the understanding that the present
disclosure is to be considered as an exemplification of
the principles of the invention and is not intended to
limit the invention to the embodiment illustrated. The
scope of the invention will be pointed out in the ap-
pended claims.
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In the prior art devices, it has been customary to
provide a mechanical or an electrical-mechanical regis-
ter for totalizing pinfall to arrive at a total score for each
individual player at any point in a bowling game and to
provide additional registers which indicate the point to
which each player has progressed in the game. Thus, in
the prior devices, it was necessary to have a totalizing
register for each player on each and every alley and to
provide a register or similar device for each player to
keep track of his individual progress in the game. Thus,
at least two register-type devices were required for
each and every player. In the present invention, a single
operating register is used for totalizing pinfall for multi-
plicity of players playing simultaneously on a plurality
of bowling lanes. Therefore, the weight, size, and com-
plexity of the totalizing register system are greatly re-
duced as compared to the prior art devices. For the
purpose of illustration, an embodiment of the present
Invention is shown in the drawing; which can accom-
modate up to a maximum number of six players for each
of two bowling teams alternatively on two bowling
lanes. As each frame score is totalized in the operating
register for a player and as each team’s total score is
totalized m the same register, an output unit may pro-
vide suitable score and positioning control signals to
any output indicator such as a projection display device
or a printer which prints a bowling score sheet. The
computer also produces a mark total as the game pro-
gresses which may be sent by the output unit to a pro-
jection display device or the printer.

The single register must contain the proper code
word for each individual player at the time the com-
puter attempts to add further pinfall data to the code
word in the register. In order to provide for the storage
of the code words upon which computations are not
momentarily being made, an electronic memory is con-
nected to the register from which a shift control may
transfer the code words to the register as they are called
for by various player indicating units.

STRUCTURE

Referring first to FIGS. 1, 2, and 3, a housing cabinet
20 contains an electric bowling score computer and has
a door 21 which provides access to a power supply
panel 22 and a door 23 which provides for access to a
test panel 24 and a comparator tester panel 25 shown in
FIG. 3. An access opening 26 in the top of the cabinet
1s provided with a removable transparent glass pane] 27
provided for observation of a large number of the
printed circuit boards which constitute the electronic
circuits of the computer. The cabinet top is hinged at
the back and opens to permit servicing. A control panel
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28 1s secured to the front of the cabinet 20 and is sup-
ported by support members 29 and 30.

Referring now in particular to FIG. 1, an AC power
switch 36 1s mounted near the top of panel 22 for ener-
gizing a main power supply of the computer and three
DC current power switches 32, 33, and 34 are mounted
side-by-side in the center of panel 22 for the purpose of
energizing a plus 12 volt series of output terminals, a
minus 6 volt series of output terminals, and a minus 18
volt series of output terminals on a terminal board 35.
The switch 36 is normally in an “ON” position at all
times since the power supply is usually controlled by a
main power switch 31. Suitable cables (not shown) are
connected to these terminals for the purpose of supply-
ing plus 12 minus 6, and minus 18 volts to various binary
computer components utilized in the coupling circuits
of the computer as will be presently described in detail.
The main power switch 31 is provided to energize com-
ponents requiring alternating current in the computer
scorer by energizing the main power supply. An AC
indicator lamp 42 is lit when the switch 36 and switch
31 are in their “ON” positions. An input fuse holder 44
is installed in panel 22 to provide easy access to a fuse
which protects the main power supply which is ener-
gized by switch 36. A DC fail light 39 is provided to
indicate failure of any of the DC outputs of the main
power supply. An additional terminal board 43, used for
memory inputs, outputs and voltages, is provided on the
power supply panel 22 to which are connected groups
of cables 37 and 38. In the upper left-hand corner of
panel 22 is located a memory power “ON” switch 40
and a “PRIME CURRENT ADJUST” knob 41 for the
purpose of supplying power to an electrical serial mem-
ory and to adjust the prime current thereto, respec-
tively, as will be presently described in greater detail.

Referring now specifically to FIG. 2, a computer
“POWER OFF-ON” switch 45, and a “LEAGUE-
OPEN BOWL” switch 46 are provided at the top of a
panel portion 47 located centrally in the control panel
28 to allow an operator to energize the scorer and to
select either league or open bowling. Since the embodi-
ment of the invention being presently described is desig-
nated to compute scoring on two lanes, these lanes may
be used either for open bowling where a bowler remains
on the same lane for an entire game or in league play
where a bowler alternates with his team between lanes
with each new frame of the game. Thus, by the proper
positioning of switch 486, the scorer will be set for league
or open bowling as desired. Below these switches on the
panel portion 47 are located an “OUT-OF-TURN
PLAYER LANE” switch 48 and a rotating “OUT-OF-
TURN PLAYER” selector thumbwheel switch 49
which are utilized to indicate to the scorer which
bowler is bowling out-of-turn and on which lane he is
bowling. Selector thumbwheel switch 49 is also used in
making corrections.

A Team A panel portion 50 has mounted thereon a
“START GAME” switch 51 and a “TEAM SIZE”
selector switch 52, and a Team B panel portion 53 has
mounted thereon a “START GAME” switch 54 and a
“TEAM SIZE” selector switch 55. Whenever a team in
league bowling is ready to start their game, they push
their appropriate “START GAME” switch and set
their “TEAM SIZE” selector switch to the number of
players on their team.

A lane 1 panel portion 56 has a push button “SKIP
NEXT BOWLER” switch 58 mounted thereon and a
lane 2 panel portion 58 has a press “SKIP NEXT
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BOWLER"” switch 59 mounted thereon. Whenever a
bowler who should be the next bowler to bowl 1n nor-
mal sequence on a particular lane 1s not going to bowl 1n
his proper turn for some reason, the “SKIP NEXT
BOWLER" switch for the appropriate lane is pressed
so that the computer may go on to scoring the pinfall of
a subsequent bowler as will be described in greater
detail presently.

A cover plate 60 is hinged at 61 so that it will nor-
mally cover a score correction panel 62 as shown In
FIG. 1. Cover plate 60 is shown turned down in FIG. 2
to reveal the correction panel portion 62. As shown In
FIG. 2 mounted in the correction panel portion 62 1s a
frame thumbwheel switch 63 for indicating a last cof-
rect printed frame, a series of three thumbwhee]
switches 64 for indicating a last correct printed score, a
pinfall thumbwheel switch 65 for indicating a correct
pinfall count, and a “MAKE CORRECTION” push
button switch 66 which is constructed of a yellow trans-
parent material and has a light positioned behind to
illuminate it, and a green “ALL CORRECTIONS
COMPLETE” lighted panel switch 67. All of the
switches are utilized in correcting a printed or displayed
score if such should be necessary. Their utilization m
the circuits of the scorer will presently be described In
detail.

Placed on top of the computer cabinet 20 in FIG. 2
are an input panel 70, a judge’s foul control box 80, and
an output indicator unit 90. Mounted on the front of the
panel 70 are a pair of telephone dial switches 71 and 72
for indicating pinfall on lane 1 and lane 2, respectively.
Between these telephone dial switches are mounted a
“PRESS TO SIGNAL FOUL, LANE 1” switch 73, a
“PRESS TO SIGNAL FOUL, LANE 2” switch 74,
and a “PRINT COMPLETE” press switch 75. Both
press switches 73 and 74 are of the illuminated panel
type having illuminted lamps positioned therebehind.
An “AUTOMATIC-MANUAL” switch 76 is mounted
on the simulator to indicate whether the “PRINT
COMPLETE” signal is to be generated by the scorer
internally or by the manually operated “PRINT COM-
PLETE” switch 75. The manually operated switch may
be replaced by an external source such as a printer or
pinsetter. In the present embodiment, the switch 75 1s
connected to generate this signal when switch 76 1s in 1ts
“MANUAL” position.

The judge’s foul control box 80 has a lane 1 four panel
on which is mounted a green illumination panel 81 with
a light behind it which is switched on when a possible
four has been indicated and a “TRUE-FALSE DECI-
SION™ switch 82 and a lane 2 foul panel having a simi-
lar green illumination panel 83 with a foul light and a
similar “TRUE-FALSE DECISION” switch 84. When
a possible foul has been indicated automatically on a
lane, the respective panel 81 or 83 will be illuminated
and a judge will decide whether it was a true or a false
foul and indicate his decision by switching the appropri-
ate switch 82 or 84 to its “TRUE” or “FALSE” foul
indication position.

An output indicator unit 90 has a front panel with
apertures 92, 93 and 94 therein through which are dis-
played a player’s ball, frame or total score or a team
total score by a set of three self-decoding binary-to-
decimal read-out units mounted behind a panel portion
91. An indicator light panel 95 indicates whether a box
score or other score is appearing in apertures 92-94. A
light indicator panel 96 indicates that a strike or a spare
has been made when it is illuminated. An aperture 97
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has a self-decoding digital decimal read-out unit indicat-
ing the vertical position (player number) on the score
sheet of the score appearing in apertures 92-94 and an
aperture 98 has another self-decoding digital dectmal
read-out unit displaying the frame number to which the
score appearing in apertures 92-94 apples. A pair of
light panels 99 for Team A and Team B indicate to
which team the information appearing in the various
apertures (and lights) on panel 91 apply.

The scoring computer housed in cabinet 20 can re-
ceive inputs from an automatic detection device
mounted on an automatic pinsetter or at another posi-
tion where it can detect the number of pins downed
following the roll of the ball and provide a pulse for
each pin downed. In the embodiment of the Invention
shown in the drawings, the input panel 70 1s the system
for supplying pinfall to a computer. It 1s a manually
operated device which may be continuously utilized 1n
lieu of an automatic detection device or only as test
equipment for checking the operation of the scorer. The
output indicator unit 90 may be used as a normal display
or only as a method for checking the output signals of
the computer. These signals may be used to display the
score of a game as it progresses on a score sheet type
score board or operate a printer to print a complete
bowling score sheet. Thus, the output indicator unit 90
is not in itself a complete score sheet display device but
it does simulate a score sheet type display or a printer
for printing a complete score sheet in that it utilizes all
the signals which the computer must provide to control
such devices and does display the information on its
panel which these devices would display. It differs from
these devices in that the scores and other information
displayed on its panel are removed as new scores are
computed so that they may, in turn, be displayed
thereon rather than forming a permanent record of all
information computed and read out of the electronic
scoring computer in cabinet 20. Thus, output indicating
unit 90 forms a compact output test unit for the com-
puter and an indicator which displays score information
that can be manually copied onto a score sheet.

Referring now specifically to the test panel 24 iHlus-
trated in FIG. 3, a series of twenty-two neon lamps
201-222 are mounted across the top of the panel to
display the binary word contained in an operating regis-
ter SR which is connected to an arithmetic umt 10 and
a state and output control unit 17 as indicated in FI1G. 4.
The neon lamps are labeled SR-1 to SR-22 to indicate
the number of the bit position in the operating register.
Each lamp is connected to an output point of one of a
set of twenty-two multivibrators, whose label 1t bears.
These multivibrators compose the operating register of
twenty-two bit positions. Each lamp will be lit when-
ever the corresponding multivibrator contains a binary
one. A press switch labeled “SET SR-17 223 1s located
on the panel immediately below the SR-1 neon lamp
201. In like manner, a series of four press switches
224-227 labeled “SET SR-19, SET SR-20, SET SR-21,
and SET SR-22”, respectively, are located below the
set of corresponding neon lamps 219-222. The five
aforementioned press switches enable loading of infor-
mation into the operating register. Each is connected to
the multivibrator whose label it bears in a manner that
will place a binary one in the multivibrator when the
switch is pressed. By pressing the appropriate switches
219-222 for each binary one in a player’s or team’s
identification binary code, each word may be identified
thereafter with a particular player or team. A DC voit-
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meter is mounted in the upper right-hand corner of
panel 24 to record the internal voltages applied to dif-
ferent points of the computer as selected by a selector
“switch 229 located directly below the voltmeter. ACross
the center of the panel are a number of switches which
are utilized in properly loading a memory unit of the
computer as will presently be described. These switches
are a press switch-230 labeled “INITIAL RESET,” a
press switch 231 labeled “MEMORY RESET,"” a tog-
gle switch 232 labeled “EQUAL,” a press switch 233
labeled “INCREMENT FRAME,” a press switch 234
labeled “SHIFT ONE WORD,” a press switch 235
labeled “SHIFT ONE BIT,” and a press switch 236
labeled “INTERRUPT PRIME CIRCUIT.”

Across the bottom of panel 24 are a series of neon
lights which indicate certain operations are OCCUrring in
the computer. These are a “PINFALL READY” light
237, an “EQUAL” light 238, a “TEAM TOTAL” light
239, a “TEAM A TEAM TOTAL” light 240, a
“TEAM B TEAM TOTAL” light 241, a “TEAM OR
MARK TOTAL” light 242, a “PRINT MARK TO-
TAL"™ light 243, an “END COMPUTATION" light
244, an “ADD COMPLETE” light 245, a “MARK
TOTAL” light 246, a “PRINT BOX SCORE" light
247, a “PRINT SCORE” light 248, a “SHIFT COM-
PLETE” light 249, a “MEMORY DRIVER” light 250,
a set of four pinfall count lights 251-254 labeled “1, 2, 4
and 8” to indicate their respective binary weights, and a
set of four “COMMAND PLAYER IDENTIFICA-
TION” lights 255-258 which are labeled ““8, 4, 2, and
1,” respectively, to indicate their binary weights. Lights
237 through 250 are connected in the circuits of the
scorer so that they are lit when the respective labeled
operations are in progress. Lights 251-254 are con-
nected to a binary counter-register composed of multi-
vibrators 1001-1004 in arithmetic unit 10, and lights
255_258 are connected to thumbwheel 49 so that they
indicate the presence of a binary one in the respective
components. In the lower right-hand corner of panel 24
are located two test points 259 and 260 and a voltage
indicator light 261.

The comparator tester panel 25 1s not a portion of the
present invention, but has been indicated on the draw-
ing to show that space is reserved within the scoring
computer cabinet 20 for the installation of such a de-
vice.

MAJOR UNITS

With the aid of FIG. 4, the major units of the scorer
will be described prior to a detailed circuit description
of any particular unit. FIG. 4 indicates the units con-
tained within the housing cabinet 20 by enclosing them
within a dashed line. The input panel 70, the judge’s foul
control box 80, and the output indicator unit 90 are the
only units of the scorer outside the cabinet 20. The
central units of the computer are the operating register
SR, the arithmetic unit 10 and the state and output
control unit 17. The operating register SR consists of
twenty-two bistable multivibrators SR-1 to SR-22 for
holding a twenty-two bit binary word. They are shown
in detail in FIGS. 36, 39, and 40. The state and output
control unit 17 is connected to the first three multivibra-
tors SR-1 to SR-3, and the arithmetic unit 10 15 con-
nected to the last nineteen multivibrators SR-4 to SR-
22 The arithmetic unit 10 contains the necessary com-
puting circuitry to add a correct multiple of a pinfall
count for either or both a first and second pinfall of any
given frame. In order to provide a counter for totalizing
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the number of pins downed by each ball rolled, a suit-
able detection device is placed, either in an automatic
pinsetting machine or at some other location in the
vicinity of each pin to detect the fact that that particular
pin has been knocked down following the rolling of a
ball, or the input panel 70 is manually operated. Upon
detecting a downed pin, each individual detecting de-
vice will provide a pulse which may be transmitted to a
pinfall sequencer unit 12. The automatic pinfall detec-
tors may be of any conventional design presently uti-
tized in the art, such as microswitches on the pinsetter
which will actuate circuitry to provide a pulse when the
detectors are sequentially sampled following the rolling
of a bowling ball. Therefore, a pinfall detection system
or a pinfall simulator of any conventional design which
will send a series of one to eleven puises to the pinfall
sequencer 12 may be employed. The input panel 70
provides this function in FIG. 4. Sequential pulses are
produced by manually operated telephone switches
mounted on the panel. A variation between one 1o
eleven pulses is required to record zero to ten pins
downed as a result of the rolling of each ball, a single
pulse being the indication that no pins were downed. A
counter in the pinfall sequencer 12 totalizes the number
of pulses received as a result of each pinfall and stores
this information until required by the arithmetic unit 10.

A player sequencer 11 determines which bowler 1s
bowling on each lane. When a series of pinfall pulses are
received from the lane-pair simulator 70 in the pinfall
sequencer 12, this sequencer takes cognizance of the
lane from which the pinfall was received and sends this
information to the player sequencer 11. The player
sequencer 11 sends the player’s identification for the
player bowling on that lane to a comparator 13. The
comparator 13 receives from the operating register SR
the identity of the bowler’s code word in the operating
register and compares it to the identity of the bowler
received from the player sequencer 11. If the two iden-
tities are the same, no further action is taken by the
comparator. However, if they are not identical, the
comparator sends an actuation signal to a shift counter
14 which in turns sends a shift signal to the arithmetic
unit 10 and a magnetic core memory 15. The operating
register SR and the magnetic core memory 15 are seri-
ally connected in a loop with a memory output wave-
shaper 152 and a memory input driver 15b in order that
three hundred fifty-two binary bits from sixteen words
of twenty-two bits each. The shift counter counts the
number of bits in a code word until a new code word 18
in the operating register and then stops the shifting of
code words from and to the register. The identity por-
tion of the new code word in the register is then sent tO
the comparator 13 to compare it with the identity re-
ceived from the player sequencer 11. By this means, the
code words in the register of the arithmetic unit 10 are
shifted sequentially until a code word arises in the regis-
ter which is identical to the one being called for by the
player sequencer 11. The words received by the register
in the arithmetic unit 10 are shifted bit-by-bit back into
the serial memory 15 as each subsequent word is shifted
into the register. The cooperating operation of the arith-
metic unit 10 and the memory 15 will be described n
greater detail presently.

The code word provided for each player is twenty-
two bits in length and utilizes standard binary form. The
first four bits of a word carry the player’s identification.
An additional ten bits indicate the player’s score after
the crediting of the last ball rolled. Five of the remain-
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ing eight bits serve to indicate which ball is to be rolled
next; the last three bits indicate the state after the last
ball, which is used to aid in determination of the sCoring
of the next ball.

The player sequencer 11 determines the number of 5

the player bowling on a particular lane as long as all
players bowl in proper order. In order to provide for
the identification of a player who is bowling out-of-turn
and to correct the score of any player whose scores

might have been incorrectly computed, a correction 10

and out-of-turn unit 16 is utilized to override the player
sequencer 11 and send a signal to the comparator 13
containing the identification of a player who is bowling
out-of-turn, or it may send the identification of a player
whose score Is to be corrected on the score sheet.
Whenever a word is held in the register SR as com-
manded by either the player sequencer 11 or the correc-
tion and out-of-turn unit 16, the state and output control
unit 17 receives the coded state from the code word. In

turn, it actuates circuits in the arithmetic unit 10 which 20

properly credit the pinfall resulting from the rolling of
a player’s latest ball. The score portion of the word is
then modified to indicate the proper new score, and the
ball and frame portion is modified to indicate the cor-
rect new ball and frame number. The state and output
control unit 17 also directs that the correct pinfall ball
information be provided to an output unit 18. Thus, as
each ball is rolled by a player, which results in the ne-
cessity to add a multiple of that ball pinfall to the play-
er's score, the state and output control unit directs the
circuits in the arithmetic unit to properly credit the
pinfall, plus any bonus to the score. In the case of a first
ball, 1t is not always appropriate to add the pinfall to the
last frame score. In such a case the state and ouiput
control unit will command the arithmetic unit to wait
until the second ball of the frame has been rolled and
then to add the appropriate multiple pinfall resulting
from both balls to the previous frame score which is
recorded 1n the word in the register. The computer is
free to score other player’s pinfall until the second ball
1s rolled. Appropriate ball and frame and total score
data are provided by the operating register SR to the
output umt 18. Ball-by-ball pinfall count information
(box scores) is provided by the pinfall sequencer 12. At
appropriate times, as commanded by the state and cut-
put control unit, frame position (horizontal position)
information as well as player and score information is
provided to the output indicator unit 90. As aforemen-
tioned, the output indicator unit 90 may be replaced by
a printer, which prints the scores directly on a score
sheet, or by other display systems. The arithmetic unit
computes scores In accordance with the computation
instructions of the state and output control unit 17. The
output unit 18 receives scoring data from the register
SR and pinfall sequencer 12 and passes it on to the
output indicator unit or other display system in accor-
dance with the commands of the state and output con-
trol unit 17. Thus, the output umt 18 issues either a box
score, a frame score, a mark total, or a team total score
at the commands of the state and output control unit 17,
and the position data indicates the respective score
sheet positions of each box, frame, mark total, or team
total score. Player identification (vertical score posi-
tion) and a *‘Print” (or display) signal is received by the
output indicator unit 90 directly from the state and
output control unit 17. When the output indicator unit
90 receives the “Print” signal, it displays the score infor-
mation available from the output unit 18 at the position

L5

25

30

35

45

30

35

65

12

indicated by the output unit 18 and the operating regis-
ter SR.

In addition to the major units previously mentioned,
the scorer has three supporting major units. These are a
memory reset unit 15c, a timing unit 20a, and a power
unit 19. The memory reset unit 15¢ sequentially calls the
player and key words for each team into the operating
register SR and resets these words prior to beginning
each game. The timing unit 20a provides the master
timing pulses utilized by the other major components
and also produced a number of *‘End Computation”
signals. The “End Computation” signals are provided
to a number of the other major units to indicate the
completion of each computation cycle of the scorer.
The power unit 19 contains both the normal power
supply circuits for all of the units in the scorer and also
contains an emergency battery power supply source
which it utilizes to complete a computation cycle of the
scorer whenever a power line interruption occurs. Un-
less a computation cycle is completed without power
Interruption, a portion of the scoring information may
be lost. However, the power unit 19, by providing unin-
terrupted power to the other units of the scorer, assures
that all scoring words are returned to the memory 15
where they are magnetically stored without loss even if
the electrical power remains off for a considerable per-
10d of time.

To broadly summarize the major units of the scorer,
a means of supplying pinfall information is provided by
the input panel 70, a means for receiving pinfall infor-
mation is provided by the pinfall sequencer 12, a com-
putation means is provided by the arithmetic unit 10, a
score storage means is provided by the combination of
the memory 15, the operating register SR, the memory
output waveshaper 15a and the memory input driver
15b a central means is provided by the state and output
control unit 17 and the output unit 18, and an indicating
means 18 provided by the output indicator unit 90. In
addition, a means for identifying players and lanes is
provided by the player sequencer 11 and the correction
and out-of-turn unit 186.

Logic circuits

A dozen binary logic circuits are utilized repeatedly
throughout the embodiment of the invention shown in
the drawings, FIGS. 29-46. Since most of these twelve
logic circuits are utilized repeatedly, each of these cir-
cuits will not be described together with the symbol
representing it. The terminals of each symbol bear the
same numbers as the terminals in the respective logic
circuit. The logic circuits are shown in the odd-num-
bered figures from FIGS. 5-27, and their respective
symbolic representations are shown in the even-num-
bered figures between 6 and 28. Following the descrip-
tion of the logic circuits and the symbols representing
them, the units shown in block form in FIG. 4 will each
be described in detail utilizing these twelve logic circuit
symbols.

NAND GATE

FIG. 5 shows a NAND gate circuit which consists of
two input diodes 301 and 302 having input terminals 303
and 304, respectively, which are connected to form an
AND gate, the output of which is connected into a
conventional transistor inverter amplifier generally
indicated at 305. The transistor amplifier 305 includes a
transistor 306 and an output terminal 307 connected to
the collector of the transistor. Throughout the scorer, a
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binary one will be a minus six volts and a binary zero
will be zero voltage which is circuit ground. It will be
recognized by those skilled in the art that whenever a
minus six volts appears on terminals 303 and 304, the
output appearing on terminal 307 1s clamped through
the transistor 306 to zero volt or binary zero. However,
when any of the input terminals 303 and 304 goes to
zero volt or binary zero, the transistor 306 is turned
“OFF” and the output voltage falls to the clamp volt-
age of minus six volts or binary one. Thus, the NAND
gate performs the function of an AND gate followed by
the inversion of the AND gate output. Since many of
the elements constituting the various logic circuits such
as the presently described NAND gate constitute basic
circuit design well known to those skilled In the art,
only the special features of these circuits will be de-
scribed in complete detail.

FIG. 6 shows the symbol which represents the
NAND gate whose circuit is shown in FIG. 5. The
input terminals 303 and 304, the output terminals 307,
and a mode terminal 308 bear the same terminal numer-
als as the terminals they represent in the circuit of FIG.
5 Whenever a NAND gate or other logic circuit 1s
represented by a symbol in the general circuit drawings
of the scorer, the symbol will carry the same terminal as
those shown in FIG. 6 so that the function of each
terminal may be quickly identified by referring back to
the appropriate logic circuit schematic drawing such as
FIG. 5§ for the NAND gate. The entire symbol for a
logic circuit such as that of the NAND gate of FIG. 6
will bear a different numeral for each such circuit uti-
lized in the scorer. Thus, the terminal 304, as identified
by its position on the symbol of NAND gate 1211, re-
fars to the second of the input terminals for a NAND
gate which is distinctly identified by the numeral 1211.
The terminal numeral will appear only on those sym-
bols where it may be required to avoid confusion.

AND GATE

The AND gates utilized in the present scorer consist
of diode clusters as are shown in FIG. 7. A series of
diodes 310, 311, and 312 have their inputs connected to
a series of terminals 315, 316, 317 and their output con-
nected to a common terminal 318. The AND gates
shown in FIG. 7 will be recognized by those skilled in
the art as being of conventional design except for the
fact that they do not have the appropriate voltages
applied thereto. In the present bowling scorer, AND
gates are utilized principally in conjunction with a
NAND gate of the type shown in FIG. 5 to increase the
number of inputs to the AND gate portion of the
NAND gate. This is accomplished by connecting the
node output terminal 318 to the node terminal 303 of the
NAND gate. Although three input terminals with their
respective three diodes are shown in FIG. 7, any num-
ber of inputs and diodes up to and including eight may
be formed into a diode cluster to increase the number of
inputs to the NAND gate shown in FIG. 3.

The symbol for this AND gate is shown in FIG. 8

with the output node terminal shown as emerging from 60

one side of the semicircular symbol. Thus, at frequent
points throughout the electronic scorer, the symbol
shown in FIG. 8 will have terminal 318 connected 1o
the terminal 308 of the symbol shown in FIG. 6 merely
to increase the number of inputs which then would
include 303, 304, 315, 316, and 317. Whenever the sym-
bol shown in FIG. 8 is so used as an adjunct to the
symbol of FI1G. 6, both symbols will be often referred to
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as a single NAND gate having a single identification
numeral.

BINARY COUNTER

A bistable multivibrator is frequently utilized as a
binary counter for a single bit of standard binary code.
A pair of transistors 320 and 321 are connected to form
a conventional bistable multivibrator.

The bistable multivibrator circuit shown in FIG. 9 1s
essentially two NAND circuits interconnected to act as
a multivibrator and provided with a complement input
circuit so that they may be operated as a binary counter.
A DC set terminal 322 is connected through a diode to
5 resistor 323 and a diode 324 to the base of transistor
321 in order to turn “ON”’ that transistor. Transistor 321
has its collector connected to a set output terminal 323.
In order to expand the number of input terminals, a DC
set node terminal 326 is also connected to the base of
transistor 321 through resistor 323 and rectifier 324.
Diode clusters such as illustrated in FIG. 7 may be
connected to terminal 326 to expand the inputs to a
desired number. A DC reset terminal 327 is connected
through a resistor 328 and a diode 329 to the base of the
transistor 320 to turn this transistor “ON”. A collector
of transistor 320 is connected to a reset output terminal
330. A DC reset node 331 is also connected to the base
of transistor 320 through the resistor 328 and the diode
329 to provide additional reset input terminals when a
diode cluster such as shown in FIG. 7 is connected to
the reset node 331. In addition to these terminals, a
complement input terminal 332 is provided which is
connected to a diode 333. Each pulse of a train of pulses
received on terminal 322 will cause whichever transis-
tor is conducting to be cut off and the other transistor to
conduct, thereby causing the multivibrator to operate as
a binary counter. The connecting complement network
s of standard construction well known in the art. An
additional complementary input terminal 334 is con-
nected through a rectified 335 to a common junction
point 336. Thus, the elements of terminal 332, rectifier
333, terminal 334, rectifier 333, and common junction
336 form an AND gate or diode cluster equivalent to
the circuit shown in FIG. 7.

FIG. 10 shows the symbol representing the bistable
multivibrator circuit illustrated in FIG. 9. Correspond-
ing terminals bear the same numerals. The complement
input terminals 332 and 334 that are connected to form
an AND gate are connected in the symbol to a portion
of a rectangle which has a semicircle 337 therein to
indicate that the terminals 332 and 334 are joined to-
gether in an AND gate or diode cluster. In some of the
bistable multivibrators constructed in accordance with
the circuit of FIG. 9, terminal 334 and rectifier 335 are
not included, leaving only a single complement input
terminal 332 and its connected rectifier 333. In such
instances the semicircle 337 is not found in the symbol
for the circuit as illustrated in FIG. 10. Only the single
complement input terminal 332 1s shown. A rectifier
symbol 338 is shown in FIG. 18 as being connected to
terminal 322 to indicate that that terminal may be di-
rectly connected to an input wire from another logic
circuit. Terminal 326 has no such rectifier shown for its
requires that it be connected to an external diode or
diode cluster. In like manner, a rectifier 339 1s con-
nected to DC reset terminal 327 while no rectifier 1s
shown connected to the DC reset node terminal 331.

Referring now to FIG. 11, another bistable multivi-
brator circuit is illustrated which is identical to the
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bistable multivibrator circuit of FIG. 9, except that the
complement input circuitry to a pair of transistors has
been modified in a conventional manner to accept a
gated AC reset input circuit provided from gated input
terminals 340 and 341.

The circuit illustrated in FIG. 11 has a set of terminals
similar to those of FIG. 9 consisting of a DC set termi-
nal 342, a DC set node terminal 343, a DC reset terminal
344, a DC reset node terminal 345, a complement input
terminal 346, a reset output terminal 347, and a set out-
put terminal 348. When either the terminal 332 or 334 in
the circuit of FIG. 9 is at minus six volts (binary one) or
open, a positive transition at the other input produces
the same effect as a simple complement input. In this
way, terminal 332 or 324 may be utilized as a simple
complement input. When one of these inputs is at circuit
ground (binary zero) a positive transition on the other
input will have no effect. Thus, one terminal may be
utilized to inhibit the input received on the other termi-
nal. The operation of terminals 340 and 341 and their
associated circuitry illustrated in FIG. 11 differs from
the circuitry shown in FIG. 9 in that a positive transi-
tion applied to either terminal 340 and 341 when the
multivibrator is in the set condition will reset it. Inputs
applied to terminal 346 are received by the multivibra-
tor as simple complement inputs and the multivibrator
will count up such pulses received on terminal 346 in
the ordinary binary methol.

The symbol for the circuit illustrated in FIG. 11 is
shown in FIG. 12. It is similar to the symbol shown in
FIG. 10 except that the semicircle representing the
gated complement inputs is not present since they are
not utilized in the bistable multivibrator of FIG. 11 and
a semcircle 349 with a condenser symbol 350 has been
added to indicate that terminals 340 and 341 are gated
AC reset terminals. |

The binary counters shown in FIGS. 9-12 are always
arranged n either a three or four bit binary counter
register. In the four bit register, three multivibrators are
the type shown in FIGS. 9 and 10, and the fourth multi-

vibrator is the “gated reset type” shown in FIGS. 11
and 12.

DELAY MULTIVIBRATOR

FIG. 13 illustrates a one-shot multivibrator capable of
generating pulses in a variety of widths which utilizes a
pair of transistors 401 and 402 connected in a conven-
tional one-shot multivibrator circuit. The circuit has an
input trigger terminal 403 and an input node terminal
404 which may be utilized to expand the imnput to an
mput gate having up to ten inputs. An assertion output
terminal 405 and a negation output terminal 406 are
provided to provide either a binary one or a binary zero
during a delay period. A number of capacitors 407-410
are provided in the circuit and connected to a set of
terminals 411-414. Pulse widths are controlled by con-
necting one or more of these capacitors by use of thetr
respective terminals to a delay node terminal 415. Two
or more of these capacitors may be connected simulta-
neously and the resulting pulse will have a width equal
to the sum of those associated with the individual node
capacitors. A delay terminal 416 is provided for purpose
of connecting external capacitors in the circuit which
will give delay periods which cannot be provided by
combinations of capacitors 407-410. These external

capacitors are connected between the terminals 416 and
416.
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FIG. 14 illustrates the symbol representing FIG. 13.
The terminals 411-414 are shown within a rectangle 417
to indicate that internal circuit connections are to be
made to these terminals if it is desired to use any one or
more of them. Terminals 415 and 416 are located out-
stde the rectangle 417 to indicate that they may be con-
nected to external circuitry which, of course, will be in
the form of external capacitors. Terminals 403 is con-
nected to a semicircle to indicate that it is in the form of
an AND gate mnput and terminal 404 is connected to the
edge of a semicircle symbol 418 to indicate that it is a
node connection to the input AND gate. A condenser
symbol 419 is connected to the AND gate symbol 418 to
ilustrate that the output of the AND gate 18 AC cou-
pled to a base of one of the transistors forming the one-
shot multivibrator.

AC BISTABLE MULTIVIBRATOR

FIG. 15 illustrates a bistable multivibrator whose
iInput may be wired to perform any logical function
required of a bistable multivibrator often referred to as
a “FLIP-FLOP” such as counting, shifting, accumulat-
ing, etc. The circuit is provided with a pair of AC cou-
pled set input terminals 420 and 421, and an AC coupled
reset input terminal 422. The circuit is also provided
with a set level control terminal 423 and a reset Jevel
control terminal 424 to allow gating of set and reset
information. The output terminals consist of a set output
terminal 425 and a reset output terminal 426. A DC
reset input terminal 427 is also provided.

The symbol representing the bistable multivibrator
shown in FIG. 15 is illustrated in FIG. 16. The AC set
and reset inputs are illustrated by key symbols 420 and
421, and 422 in semicircular gate symbols 431, 432, and
433, respectively, to indicate that they are AC inputs.
Those with multiple inputs 431, 433 may be gated with
level control signals. A logical one or open circuit on a
level set or level control input inhibits the associated set
or reset input. A logical zero or a grounded level set
input enables the associated set or reset input to be
effective.

SIMPLE BISTABLE MULTIVIBRATOR

A simple bistable multivibrator is shown in FIG. 17
which is similar to the bistable multivibrator shown in
FIGS. 9 and 11 with the exception that it does not
contain complement input circuitry to a pair of transis-
tors 450 and 451. It is, however, provided with a DC
input set terminal 452, a DC input set node terminal 453
for the purpose of expanding the number of DC set
inputs by use of a circuit such as shown in FIG. 7, a pair
of DC reset input terminals 454 and 455, a DC reset
node terminal 456 to expand the number of DC reset
input terminals when it is connected to an AND gate or
diode cluster as shown in FIG. 7, a reset output terminal
457, and a set output terminal 458.

The symbol representing the simple bistable multivi-
brator shown in FIG. 17 is illustrated in FIG. 18 with
the DC input terminals and their respective node termi-
nals shown in the previously described manner of hav-
ing a rectifier symbol connected to each of the input
terminals and no rectifier symbol connected to the node
terminals.

POWER AMPLIFIER

The power amplifier schematically shown in FIG. 19
1s of conventional transistor design having a DC input
terminal 500, a DC input node terminal 501 capable of
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expanding the inputs to ten, and a pair of dual output
terminals 502 and 503. Thus, the power ampifier is logi-
cally equivalent to the NAND gate illustrated in FIG.
S, but 1s capable of driving a larger load than the
NAND gate shown in FIG. §.

The symbol for the power amplifier illustrated in
FIG. 19 18 shown in FIG. 20. It consists of a triangle
505.

UNIVERSAL BISTABLE MULTIVIBRATOR

A schematic drawing of a universal bistable multivi-
brator 1s shown in FIG. 21. The universal multivibrator
contains two transistors 510 and 511 wired into a con-
ventional bistable multivibrator circuit similar to the
bistable multivibrators illustrated in FIGS. 9 and 15
which in addition to the basic bistable multivibrator
construction, have circuitry to provide a series of level
controls and AC set and reset controls. In a manner
similar to the aforementioned bistable multivibrator
logic circutts, a pair of DC set input terminals 512 and
513, a DC set node input terminals 514, a pair of DC
reset input terminals 515 and 516, a DC reset node input
terminal 517, a set output terminal 518 and reset output
terminal 519 are provided. An AC set input terminal
320 has gated with it a level control input terminal 521.
An AC reset input terminal 523 is gated with a level
control input terminal 524. A common AC input termi-
nal 526 has associated with it two level controls 522 and
5325 essentially similar in function to those associated
with the AC set and reset input terminals. These serve
to steer signals applied to the common AC input termi-
nal 526 to either the set or reset side of the bistable
multivibrator. Thus, when the associated level control
mmputs are connected to another bistable multibrator to
form a shift register, the common AC input terminals
326 serves as a shift input. When the level control inputs
are tied back to their own outputs, the circuit functions
as a binary counter for pulses applied at its AC input. If
the AC set and AC reset input terminals 520 and 523 are

connected together, their function becomes identical to 40

that of common AC input terminal 526 except that AC
loading is doubled.

The symbol representing the universal bistable multi-
vibrator illustrated in FIG. 21 is shown in FIG. 22. The
terminals 522 and 525, respectively, are shown con-
nected to input gates which are in turn connected in
parallel with AND gates 530 and 531, respectively.
These inputs are also shown connected in parallel with

the DC inputs 512, 513, 514, and 515, 516, and 517,
respectively.

SHIFT REGISTER

The shift register circuit shown in FIG. 23 is a bista-
ble multivibrator circuit similar to those shown in FIG.,
11 and F1G. 17. It has the same number and type of DC
mmput and output terminals as the bistable multivibrator
tllustrated in FIG. 17. It has a DC set input terminal 551,
a DC set input node 552, a pair of DC reset input termi-
nals 553 and 554, a reset node terminal 555, a reset out-
put terminal 556, and a set output terminal 557. A shift
line terminal 5§58 is provided to cause shifting of infor-
mation from one bistable multivibrator to a subsequent
bistable multivibrator. This bistable multivibrator is
used only in groups of four to form four-bit shift regis-
ters. A set level control terminal 550 and a reset level!
control terminal 549 are provided to connect to the
respective output terminals of a previous multivibrator
in the shift registers. These terminals on the first multi-
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vibrator in the shift registers are connected to a source
of binary bit information.

The symbol representing the shift register bistable
multivibrator illustrated in FIG. 23 is shown in FIG. 24.

MULTIVIBRATOR CLOCK

The multivibrator clock shown functionaily in FIG.
25 15 utilized as a clock source of conventional design. A
free running multivibrator 600 is an astable circuit. Its
operational frequency range is dependent upon the par-
allel capacitance combination selected by interconnect-
ing specific timing terminals. The basic frequency of the
multivibrator is one megacycle adjustable to 150 kilocy-
cles without making any jumper connections. This fre-
quency may be progressively reduced by making the
connections to a terminal 606 and a terminal 605. A
potentiometer (not shown) allows variation of the fre-
quency within the selected range.

A start control input terminal 601 controls operation
of the free running multivibrator 600. Logic zero (zero
volt) applied to terminal 601 stops oscillation of the
circuit. No connection to terminal 601 is equivalent to
the application of a logical one and oscillation resulis.

A gate control input terminal 604 in coincidence with
the output from astable multivibrator terminal 603 gates
a pulse shaper 609, which is in the form of a delay multi-
vibrator, forming an AND gate for negative logic. A
logical zero input to the gate control terminal inhibits
the pulse shaper; a logical one or no connection to pin
604 permits the pulse shaper to function. If the pulse
shaper 1s inhibited to the gate control input terminal
604, the astable multivibrator 600 continues to run free.
The multivibrator has a width node terminal 605, an
external width node terminal 606, an assertion terminal
607, and a negation terminal 608.

FI1G. 26 shows the symbol representing the multivi-
brator clock circuit illustrated in FIG. 25.

SOLENOID DRIVER

A solenoid driver circuit is illustrated in FIG. 27. It
consists of a two-input gate followed by a two-stage
non-inverting transistor of conventional design gener-
ally indicated at 650. The two-input gate consists of
commonly connected DC input terminal 651 through a
rectifier 632, a DC input terminal 653 connected
through a rectifier 654, and a DC node terminal 655.
The two-stage noninverting transistor amplifier in-
cludes a pair of transistors 656 and 657. When all] termi-
nals 651, 653, and any additional terminals created by
connecting a diode cluster to node 655 are at logical one
(minus six volts), the gate turns *“ON,” the first transis-
tor 656 and the output transistor 657 turns “OFF,” and
a solenoid 658 connected across output terminals 659
and 660 1s not energized. When any of the inputs to the
terminals 651, 653, and any additional terminals con-
nected through a diode cluster to terminal 655 goes to
logical zero (zero volt), transistor 656 is turned “OFF,”
the output transistor 557 is turned “ON,” and a circuit
path 1s provided through the solenoid to an external
power supply 661 connected between terminal 659 and
a circuit ground terminal 662. The solenoid and its ex-
ternal power supply are not a portion of the solenoid
driver itself and, therefore, must be provided in addition
to the driver circuit.

F1G. 28 shows the symbol representing the solenoid
driver illustrated in FIG. 27.



Re. 30,467

19

Player sequencer unit

The player sequencer serves as a selector to ndicate
the proper player to be credited with pinfall. FIG. 29 1S
a schematic drawing of the player sequencer unit.

For the purpose of simplicity, the embodiment of the
invention illustrated in the drawings is an embodiment
designed to compute scores for only two bowling lanes
which is the number normally used in league competi-
tion play with two teams competing against each other
and alternating lanes for each frame of a bowling game.
It will be understood by those skilled in the art that the
principles illustrated by this embodiment can be applied
to a large plurality of bowling lanes.

The player sequencer unit 11 shown in FIG. 29 pro-
duces outputs to the comparator 13 which designates
the player to whom pinfall is to be credited at any par-
ticular time during a bowling game. Normally, this
would be the player who is bowling in his proper turn
and has just rolled a ball. However, there are three
other sources of player identification which the player
sequencer unit 11 may indicate to the comparator 13.
They are a designation of an out-of-turn bowler, the
identification of a player whose score is to be corrected,
and the identification of each player from the memory
reset unit in order to reset the code words for a new
game. Besides the identification of the players, the
player sequencer also designates to the comparator the
identification of two mark and team total code words
which are carried in the memory 15 and circulated to
the operating register SR in the same manner that the
words for the individual players are transported be-
tween the memory and the operating register. Thus, the
player sequencer unit will indicate a player’s identifica-
tion from one of four possible sources or the identifica-
tion of one of the two mark and team total words to the
comparator so that the comparator will initiate action to
have the code words sequentially pass through the op-
erating register until the word commanded by the
player sequencer arrives in the operating register. The
player sequencer section has two electronic registers
1110 and 1111. These registers calculate the proper
player of each team who should be bowling on each
lane if the players are bowling in their proper sequence.
Thus, when pinfall arrives in the pinfall sequencer unit
12 from one lane or the other, the pinfall sequencer 12
indicates that the identification of the bowler on that
lane is to be sent by the player sequencer unit 11 to the
comparator 13. As will be presently described, the
playver sequencer unit 11 will also send the player’s
identification to the comparator if an out-of-turn bowler
is bowling, if a player’s score is being corrected, or if the
memory 15 is being sequenced for resetting prior to the
start of a new game. A player’s identification switch
1112 stores the identification of a player who is bowling
out-of-turn or whose score is being corrected so that it
is available for transmitting to the comparator.

Each register is composed of four bistable multivibra-
tors 1114-1117 and 1118-1121, respectively. Three of
the bistable multivibrators in each register 1114-1116
and 1118-1120, respectively, are connected to form a
binary counter containing three bits and counting up
from zero to decimal seven. The outputs of the two
registers are connected to two series of NAND circuits.
The first series of circuits consists of two switching
devices 1122 and 1123 to activate the transfer of identifi-
cation information from register 1110 to the aforemen-
tioned second series of NAND circuits and to activate
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the transfer of identification information in register 1111
to the aforementioned second series of NAND circuits,
The second series of NAND circuits is an output device
1124 which places identification information received
from either one of the register through the swiiching
devices 1122 or 1123, the player identification switch
1112 from the memory reset unit or from a “Team and
Mark Total” signal. As will be described at the proper
time, the identification of a player is released from one
of these sources to the output circuit 1124 for transmis-
sion to the comparator. The circuits which provide the
identification of the player who is bowling on one lane
or the other in his proper sequence will be described
first. The provision of this information is one of the
principal functions of the player sequencer 11.

NAND gates are used extensively throughout the
illustrated embodiment of the invention. The NAND
circuits shown in the drawings have only two normal
input terminals and an input node for the connection of
additional diode cluster which can extend the number
of inputs to the NAND circuits to any number desired
less than eleven. Therefore, throughout the description
of the various circuits, the drawings will show an input
entering a NAND gate through a diode cluster con-
nected to the node terminal of the NAND gate. There-
fore, in describing the various circuits, a NAND gate
will be referred to without specifically mentioning a
diode cluster which extends the number of input termi-
nals to that NAND gate.

Bistable multivibrators 1114, 1115, and 1116 are con-
nected as an additive counter capable of storing player
identification from zero to decimal seven. Binary multi-
vibrator 1117 serves to indicate which team 1s on lane 1.
In like manner, the register 1111 has for the purpose of
indicating the player and team bowling on lane 2, the
three binary counters 1118, 1119, and 1120 connected as
an additive counter capable of storing player identifica-
tion of zero to decimal seven and multivibrator 1121
connected to indicate the team. Two sections of each
binary counter 1115, 1116, 1119, and 1120, respectively,
are connected in inverse fashion so that a binary one on
the upper output terminal signifies a reset of the unit
rather than a set condition. The vertical line running
down through the schematic designation for all such
unit signifies this condition. This is normally done in
order to achieve a proper resetting action on certain
subunits.

The binary codes used to identify each player are
shown in Table I.

TABLE 1
PLAYER IDENTIFICATION
Weighted value: Use
8421
0000 Unuosed.
0001 Player 1, Team A.
0010 Player 2, Team A.
D01} Player 3, Team A.
0100 Player 4, Team A.
0101 Player 5, Team A.
0110 Player 6, Team A.
0111 Team A mark and team
tatal register.
1004 Memory resetting code
word.
1001 Player 1, Team B.
1010 Player 2, Team B.
1011 Player 3, Team B.
{160 Player 4, Team B.
1101 Player 5, Team B.

1110 Player 6, Team B,
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TABLE I-continued

PLAYER IDENTIFICATION
Weighted value: Use

1111 Team B mark and team
total register.

It will be noted from the table that when the term
“Player Identification™ is used, it also includes the iden-
tification of the words which are utihized to store and
compute the team marks and team totals and the identi-
fication of the memory resetting code word. Table I
also shows that the code 0000 1s unused. During denerg-
ization of a computer (whether intentional or through a
power failure) transients occur which could jeopardize
the contents of the operating register. By having one
unused word, with identification 0000, and insuring that
this word 1s in the operating register whenever shut-
down occurs, it is impossible to harm any needed infor-
mation. Thus, the unused location does assume some
importance. When the initial reset signal is activated
(either by operation of the panel switch 45 or the test
panel switch 230), a terminal 1101 is grounded, causing
grounding of an input terminal of an AND gate 1126
causing the grounding of DC set terminals of bistable
multivibrators 1114, 1115, and 1116, respectively. In
like manner, an AND gate 1130 brings about the
grounding of DC set terminals of mulvitibrators 1118,
1119, and 1120, respectively. This action resets multivi-
brators 1115, 1116, 1119, and 1120 and sets multivibra-
tors 1114 and 1118, thus aligning each register for
player 1 on each respective team. The weighted value
“8421” indicated in Table I will be found in bistable
multivibrators 1117, 1116, 1115, and 1114, respectively,
and 1n bistable multivibrators 1121, 1120, 1119, and
1118, respectively. Since it may be seen that the cir-
cuitry assciated with lane 1 and that associted with lane
2 are 1dentical in operation, only the circuitry for lane 1
will be described in complete detail. The action of

grounding terminal 1101 places a binary one in multivi- 40

brator 1114 and zeros in multivibrators 1115 and 1116,
respectively. Thus the binary counter contains the iden-
tification code of 0001 or player 1. Grounding terminal
1101 also ground the DC set terminal of bistable multi-
vibrator 1117, thus placing a binary zero in that multivi-
brator. A binary zero, as may be seen from Table I,
indicates Team A. Grounding of the terminal 1101
places a binary zero on the set input terminal of multivi-
brator 1121 to place a binary one in that multivibrator
which indicates Team B is bowling on lane 2. In the
described manner, energizing the computer by use of
switch 45 places the first player of Team A on lane 1
and the first player of Team B on lane 2. After each
player bowls on lane 1 and the computer has finished
with 1ts scoring sequence for the bowler, an increment
sequencer pulse 1s applied to terminal 1102 to produce a
pulse at an input terminal of a NAND gate 1138. If
bowling is being scored for lane 1 and no out-of-turn
situation exists, a binary one will appear at another

terminal of gate 1138 causing a pulse to be applied to a 60

complement input terminal of bistable multivibrator
1114, causing the counter to count by one and thus
designate the next player to bowl on that lane. Gate
1138 produces a binary zero to cause such upcounting
by receiving a binary one on its input terminal which is
produced by a binary one appearing on an input termi-
nal 1259 to NAND gate 1139 to indicate that lane 1 is

being scored and a binary one appearing on terminal
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1667 to NAND gate 1139 to indicate that there 1s no
out-of-turn bowling situation present. A binary zero
appears on an output terminal of NAND gate 1139
which is inverted to prouce a binary one at an output
terminal of a NAND gate 1140. Thus, as each player
completes a frame, the counter will count up one to
indicate the code designation for the subsequent player.

Another complement input terminal of multivibrator
1114 is connected to electrical ground through the nor-
mally open skip switch 57, mounted in the panel portion
36, FIG. 2, and A NAND gate 1149. Thus, closure of
switch 57 puts a “Skip” signal on the complement input
terminal to cause the binary counter to count upward
once for each press of the switch. Thus, through opera-
tion of the counter to count up one for each completion
of a frame by a bowler or a manually inttiated *'Skip”
signal, the counter will faithfully store the identity of
the player bowling on lane 1.

The above-described functions will continue until all
players on a team have completed a frame. The number
of players bowling on a team may be varied from one to
six, and therefore, some means must be provided for
indicating to the register 1110 that the last player of a
team has bowled so that it can be reset for the first
player of Team B. This function is performed by a team
size circuit 1150 which contains two ganged rotary
switches 52 and 55 having six switching sectors each
1151-1156 for lane A and 1157-1162 for lane B, NAND
gates 1163-1166 and a pair of delay multivibrators 1167
and 1168 hvaing a set input terminal connected to AND
gates 1169 and 1170. Before the start of the game, the
two ganged switches have been set for the team size of
Team A and Team B, respectively. Switching sectors
1151-1153 are connected to the multivibrators
1114-1116 of the counter of register 1110 to receive
information on each digit of player identification or 1ts
complement so that a binary one will be placed on three
input terminals of NAND gate 1163. Terminal 1102 15
connected to a fourth terminal of NAND gate 1163 in
order that a binary one will appear on the input terminal
each time an increment sequencer pulse is applied to
terminal 1102. Thus, the output terminal of NAND gate
1163 will have a binary zero appearing thereon only
when an increment sequencer pulse is being received,
indicating that the scoring of a frame has been com-
pleted for a player and that a sequencer pulse has been
received by the binary counter to cause it to count up to
a player identification one greater than the team size.
The team size determination is made by the appearance
of binary one on the three aforementioned terminals
through closed circuits of switch sectors 1151, 1152,
and 1153. These three switch sectors are all closed with
portions of the multivibrators of the counter only when
the particular combinations of a player’s identification
code on his team appears in the counter. A tracing of
each one of the circuits from the counter through the
sector switches will confirm that three binary ones can
appear only when a player’s identification appears that
1S one greater than that which 1s set on the ganged
switch 52. In order for a binary zero to appear on the
output terminal of NAND gate 1163 to indicate the
completion of all the players of Team A on lane 1, a
binary one must also appear on a fifth input terminal of
NAND gate 1163. Since this terminal 1s connected to a
set output terminal of the team indicating multivibrator

1117, a binary one indicating Team A is provided to

terminal 303 of NAND gate 1163. Switch sectors 1157,
11358, and 1139 and NAND gate 1154 perform a similar
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function for Team B when it is bowling on lane 1 and
when an increment sequencer pulse 1s being applied to
register 1110, causing it to count o a player’s number
one higher than that selected on switch sectors
1157-1159. A binary one then appears on an output
terminal of NAND gate 1164. Since AND gate 1169
will place a binary one on an input trigger terminal of
the delay multivibrator 1167, a binary zero will not
appear on this terminal until the team using lane 1 (e1-
ther Team A or Team B) has completed bowhng 1 any
frame. Multivibrator 1167 has a five microsecond delay
from the time it is triggered by a binary zero appearing
at its input trigger terminal. During this period of time,
a negation output terminal which is normally a binary
one becomes a binary zero. The negation output termi-
nal is connected to an input terminal of AND pgate 1126
to cause AND gate 1126 to produce a binary zero at its
output terminal since its other input terminal 1s binary
one except when terminal 1101 is grounded by an initial
reset circuit. The output terminal of AND gate 1126 1s
connected to the set input terminals of binary counters
1114, 1115, and 1116 so that the identification code of
001 is resei in the counter register again.

The delay multivibrator 1167 is connected to set in
motion a number of operations which result in the bista-
ble multivibrator 1117 being reset to indicate that Team
B will bowl next on lane 1, and in hike manner, the lane
multivibrator 1168 sets in motion a series of operations
which indicate that Team A will bowl next on lane 2.
During the five microsecond delay of delay multivibra-
tor 1167, an assertion output terminal of delay multivi-
brator 1167 goes to a binary one, and 1if league play has
been indicated on the control panel, a binary zero ap-
pears at the output terminal of a NAND gate 1184. This
action causes a binary one to appear at an AC set input
terminal of a bistable multivibrator 1186 which is con-
nected to the NAND gate 1184 through a second
NAND gate 1187. At the end of the five microsecond
period, a set output terminal of multivibrator 1186 re-
turns to binary zero setting the binary counter multivi-
brator 1117. Thus, at the end of a frame in league play,
a “'Print Mark Total” (PMT) signal is issued to a termi-
nal 3016. When printing (or other display) 1s accom-
plished, a **Score Print Complete” signal is recetved on
a terminal 1103 which turns off the *“Print Mark Total™
signal. The use of the term “print’’ utilized throughout the
scorer to indicate the functioning of the scorer for
operating a printer. The term *“print” 18 synonymous with
the term “‘display’” when any other display system 1s con-
nected to the scorer. The set output terminal of multivi-
brator 1186 is connected to a complement input terminal
of the bistable multivibrator 1117 through an AND gate
1190. Multivibrator 1117 stores information pertatning to
the team bowling on lane 1 so that when the set
output terminal of multivibrator 1186 returns to a bi-
nary zero, multivibrator 1117 is complemented, chang-
ing to its reset condition, thus indicating that Team B is
now bowling on lane 1. In like manner, the multivibra-
tor 1121 is reset to Team A through the action initiated
by the delay multivibrator 1186 and similar circuitry to
that just described. Complementing of the multivibrator
1117 and the multivibrator 1121 simultaneously by the
action initiated by delay multivibrator 1167 of 1168 1s
prevented by the fact that in the case of lane 1, the
signal from the set output terminal of multivibrator
1186, which would ordinarily complement bistable mul-
tivibrator 1117, is prevented from doing so by the fact
that the AND gate 1190 does not receive a binary one
unless the score from lane 1 is being computed as indi-
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cated by a binary one appearing at the output terminal
of NAND gate 1140. Since computations on lane | and
lane 2 cannot occur stmultaneously, the lane 1 and lane
2 signals cannot occur simultaneously. Thus, bistable
multivibrators 1117 and 1121 can be complemented to
mdicate that the opposing team 1s about to bowl on that
lane only when the pinfall from that lane i1s being com-
puted in the arithmetic unit, as will be more fully de-
scribed presently. In addition, only register 1110, or
only register 1111, can count up one plaver including
counting from the last player of one team to the first
player of the other team when it is receiving informa-
tion that the arithmetic unit is computing the scoring for
lane 1 or land 2, respectively. Thus, when the player
with a number equal to the setting of the team size
switch completes his turn, resetting occurs, allowing
the first bowler of the opposing team to bow! next in
league bowling situations.

As previously described, whenever it is necessary to
skip a bowler, the manual push button switch 57 1s
closed to produce a binary one from NAND gate 1149
to the complement input terminal of the bistable multi-
vibrator 1114. The causes the binary counter composed
of multivibrators 1114-1116 to count up one in the same
manner as they would if they had received a binary one
signal from NAND gate 1138. In addition, a delay mul-
tivibrator 1191 is activated to prevent printing of mark
totals during a skip cycle. An output assertion terminal
of delay multivibrator 1191 is connected to a set level
control terminal of the multivibrator 1186 to inhibit 1t
from operating for a 200 microsecond delay period
produced by delay multivibrator 1191,

Four NAND gates 1192-1195 comprise the lane 1
switching device 1122, Each of the NAND gates
1192-1195 has one input terminal connected to an out-
put terminal of the bistable multivibrators 11141117,
respectively, to receive the binary code character being
stored in each respective multivibrator. These four
NAND gates have a second input connected to the
output of NAND gate 1140 to receive a binary one
whenever the pinfall sequencer 12 indicates to the input
terminal of NAND gate 1139 that the arithmetic unit 1s
computing pinfall from lane 1. Thus, the four NAND
gates can forward information on the contents of regis-
ter 1110 only when so commanded by the “Lane 1"
signal being applied to terminal 1259. When so com-
manded, the complementary code characters of the
binary ones appearing in each respective multivibrator
of the register 1110 appears at the output of the four
NAND gates 1192-1195, respectively. Thus, if Player 5,
Team A, is stored in the register 1110, reading the out-
puts of NAND gates 1195 down to 1192 will indicate
the complement of this player’s identification. Player 3,
Team A, identification of 0101 will appear as 1010. The
output circuit 1124 is composed of four multi-input
NAND gates which perform the function of OR gates
for player identification supplied by either register 1110
for lane 1, register 1111 for lane 2, the player identifica-
tton switch 1112, inputs from the memory reset unit on
a set of terminals 1530-1533, or the “Team or Mark
Total” signal input. To provide an output from the
player sequencer unit to the comparator of the identifi-
cation of the binary code word which is desired to be
positioned in the register of the arithmetic unit at any
given time, the player sequencer output circuit 1124 is
provided. Whenever the output from any one of the five
sources is switched “ON” to pass the identification
contained therein to the output circuit 1124 and thereby
on the comparator, a NAND circuit performs the OR
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fucntion if its inputs are the negation of the signals that
are to be ORed together. Thus, for a set of NAND gates
1196-1199, which form output circuit 1124, to act as
OR gates, they must receive only the complement of the
player identification desired to be designated to the
comparator. As previously described, the switching
device 1122 offers such a complement to each respec-
tive NAND gate of output circuit 1124. In like manner,
when the NAND gates of switching device 1123 are
switched “ON” by a binary one on a “Lane 2” signal,
terminal 1213, which is connected to an input terminal
of a NAND gate 1108, the complement of the player
identification appearing in register 1111 is offered to
output circuit 1124. The player identification switch 1s
so wired that its output is also the complement of a
player’s identification indicated by the manual position-
ing of the manual player selector switch 49. This com-
plemented signal is transmitted to the output circuit
1124 whenever a binary zero signal appears on a termi-
nal 1612, indicating that the arithmetic unit 10 is scoring
a special procedure which may be either an out-of-turn
player or a correction of player’s score. In like manner,
the terminals 1530-1533 from the memory reset unit 13
will contain the complement of a bowler’s identification
whenever they are activated as will be described in
greater detail presently. It will be noted that the com-
plement of the “Team or Mark Total” signal (TMT) 1s
issued to NAND gates 1198, 1197, and 1196 through a
terminal 2006, but not to the NAND gate 1199 which
indicates a player’s team. Thus, whenever this signal 1s
removed by changing the input from a binary one to a
binary zero, the “Team or Mark Total” identification of
111 will appear at the player’s numeral outputs
1198-1192, while a signal for Team A or B 1s placed at
the output of NAND gate 1199. Thus, the “Team or
Mark Total” identification is produced along with a
proper team indication from either counter multivibra-
tor 1117 for lane 1, or 1121 for lane 2. At any time all the
five sources of inputs to the output circuit 1124 are
turned “OFF” by each producing a binary one to the
NAND gates of circuit 1124, the signal appearing at the
output of circuit 1124 for transference to the compara-
tor would be 0000, thus causing the unused word to
appear in the operating register.

Suppose, for example, that Player 5. Team A, 18 bowl-
ing and consequently his identification is contained in
register 1110 which would be a player identification
0101, the output of NAND gates 1195, 1194, 1193, and
1192 would show 1010, , the complement of the player
identification. NAND gates 1196-1199 are connected to
comparator terminals 1310, 1320, 1330, and 1340, re-
spectively, and would report 0101. Thus, reading the
output terminals of circuit 1124, the designation of
Player 5, Team A, of 0101 appears.

The discussion of the player sequencer unit has
assumed thus far that only league play will be in operation
on two lanes. League play differs from open play in that
it is desirable to print out (or display) a team mark total
at the conclusion of each frame, and to cause the teams
to alternate lanes at the end of each frame. These two
functions should be performed whenever a team com-
pletes bowling on one lane. However, they should
occur only if league play is progressing rather than open
bowling and if the arithmetic unit is not computing a
team total. Whenever league play is being employed, a
binary one is sent from switch 46 to an input terminal of
an AND circuit 1106. When a binary one also appears
on a terminal 1077 to indicate that a team total is not in
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progress, a binary one will appear at the input terminals
of NAND gate 1184 and a NAND gate 1104 to cause
these NAND gates to continually produce a binary one
whenever they are receiving a binary zero from delay
multivibrators 1167 and 1168, respectively. Then, when
these multivibrators produce a binary one for five mi-
croseconds, NAND gates 1184 and 1104 will produce a
binary zero for that length of time to bring about the
producing of a “Print Mark Total” signal and the com-
plementing of bistable multivibrators 1117 and 1121,
respectively, as is required in league play. However, 1f
switch 46 issues a binary zero, indicating open play or a
team total is in progress, a binary zero will be applied to
AND gates 1184 and 1104 which will cause them to
produce a binary one regardless of the signals receive
from the delay multivibrators. Thus, mark totals are not
printed and multivibrators 1117 and 1121 will not be
complemented so that they continue to indicate that the
same team (or group of players) is remaining on one
lane for a full game. Complementing is not performed
during team totaling in league play to insure that the
correct team will start the next game on the proper lane.
Thus, sequencing of lanes between games is stayed to
insure proper placement for continued scoring.

Pinfall sequencer

Referring now to F1G. 30, the circuits for counting,
storing, and transmitting pinfall data for both the first
and second balls of a frame are shown. Since the binary
counter registers and the associated circuits for each
lane are similar, only the detail circuit pertaining to lane
1 will be described. The function of corresponding
components pertaining to lane 2 1s identical with the
function of the components pertaining to lane 1. The
pinfall section contains four binary counter registers
1201, 1202, 1203, and 1204, each composed of four bista-
ble multivibrators connected as a binary counter regis-
ter to provide for binary counting from zero to ten.
Pinfall enters the scorer as a series of pulses from the
telephone dial switch 71 for lane 1 or from telephone
dial switch 72 for lane 2 into bistable multivibrators
1205 and 1206, respectively. These dial switches are
mounted on input panel 70 shown in FIGS. 2 and 4. The
pinfall will be indicated by a series of one to eleven
pulses. The first pulse indicates that there has been a
pinfall sampling following the rolling of a ball and if it
is the only pulse received, it indicates that the pinfall
resulting from the rolling of that ball 1s zero. Therefore,
as will be presently shown, a first pulse must be elimi-
nated from the pinfall count. Counter register 1202 1s
the first ball counter for lane 1 because it will only count
and retain the pinfall resulting from the first ball rolled
in a bowler’s frame. Counter 1201 is the counter for
both balls for lane 1 in that it will count the pinfall for
both the first and second balls rolled by a player in a
frame. In like manner, counter register 1204 is the first
ball counter for lane 2 while counter register 1204 is the
second ball counter for lane 2.

Referring specifically now to the counter registers
and their associated circuitry relating to lane 1, the first
pulse received at a DC set input terminal of bistable
multivibrator 1205 sets the multivibrator. A reset output
terminal of multivibrator 1205 is connected to an input
terminal of a first bistable multivibrator 1209 of counter
register 1201, to a first bistable multivibrator 1210 of
counter register 1202 through a NAND gate 1211 and a
second NAND gate 1212 and to an AC set input termi-
nal of a multivibrator 1215. A terminal 3110 1s con-
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nected, as will be presently explained, to indicate that a
first ball has been rolled when a binary one appears
thereon. A binary one on pin 3110 places a binary one
on an mput terminal of NAND gate 1212 and allows the
pmfall pulses to be transferred from multivibrator 1205
to a complement input terminal of counter register
1202. NAND gate 1211 merely inverts the output pulses
from multivibrator 1205 so that they can be reinverted
by MAND gate 1212 to provide the input of the same
character to counter 1202 as is introduced into counter
1201. Thus, if a first ball is indicated, pinfall is trans-
ferred to both counter registers 1201 and 1202 wherein
the pulses representing the downward pins are counted
and the total pinfall count remains stored for further
possible transmission to the arithmetic unit. When the
second ball 1s rolled, a binary zero appearing on the
input terminal of NAND gate 1212 prevents the pinfall
count from entering register counter 1202. Therefore,
the second ball pinfall will be stored only in counter
1201, since it will count upward by being connected
directly to the reset output terminal of multivibrator
1205 whenever any pinfall is received by multivibrator
1205. As mentioned, the pulses exceed the exact pinfall
by one pulse so it is necessary to subtract this first pulse.
This is done by resetting the counter registers after the
first pulse as follows. The first pulse causes multivibra-
tor 1215 to assume its set position, allowing a reset
output terminal of multivibrator 1215 to go to binary
zero. This action starts the delay period of a multivibra-
tor 1218 which has an input trigger terminal connected
to the reset output terminal of multivibrator 1218. A
negation output terminal of multivibrator 1218 goes to
binary zero for ten microseconds. This binary zero is
applied to the common reset terminals of the binary
counter 1201 resetting the counter to zero. Also, if the
ball rolled was the first ball, the binary zero is applied to
the common reset terminals of binary counter 1202.
Thus, both counter registers 1201 and 1202 are reset if
the first ball is rolled and if a second ball is rolled only
counter register 1201 is reset to subtract the extra pulse.
Therefore, first ball pinfall is stored in both counters
until the second ball is rolled. Second ball pinfall is
stored in counter register 1201, but counter 1202 contin-
ues to retain the first ball pinfall count in the event that
it 18 required for a foul computation.

Upon the first pinfall pulse, multivibrator 1215 is set,
causing a binary one to be applied to an input terminal
of a NAND gate 1227. NAND gate 1227 has an output
terminal connected to a DC reset input terminal of a
bistable multivibrator 1230 so that when binary ones
appear at the input terminals of NAND gate 1227, a
binary zero appears at the DC reset input terminal of
multivibrator 1230. This action causes resetting of mul-
ttvibrator 1230 and the resetting is transmitted to a
delay mulitivibrator 1232 connected to bistable multivi-
brator 1230 to initiate a delay period of about 1.5 sec-
onds. At the conclusion of this time, a binary one is
issued at a negation output terminal of the multivibrator
1232 which is referred to as the “Pinfall Ready” signal.
It 13 utilized as will be presently described to indicate to
the arithmetic unit 10 that pinfall has been counted and
the count is ready for computational use. Therefore, the
pertod must be of sufficient length to allow for entrance
of all pinfall into the counter registers since computa-
tion begins immediately upon termination of the delay
period. In order to initiate action in the delay multivi-
brator, it is necessary that the input terminal change
from a binary one to a binary zero and therefore, bista-

10

I3

20

23

30

40

45

50

35

60

035

28

ble multivibrator 1230 must be set by an “End-of-Com-
putation” signal from the arithmetic unit 10 which is
applied to a terminal 2022 which is connected to a DC
set input node terminal of multivibrator 1230 to set it
before it can be reset by a signal from multivibrator
12135. Thus, if pinfall arises simultaneously on two lanes,
computation will begin on one of them, but not both.

A foul signal 1s applied to an AC set input terminal of
bistable multivibrator 1236 by switch 73 on input panel
70. When this occurs, a binary zero is applied to one of
the input terminals of NAND gate 1227 which is con-
nected to a negation output terminal of multivibrator
1236. As long as the binary zero appears on the input
terminal, no “Pinfall Ready” signal can be issued from
the delay multivibrator 1232 until some acknowledge-
ment of a true or false foul indication is produced. A
side of true and false foul switch 82 is connected to an
Input terminal of gate 1244 and to a DC reset input
terminal of bistable multivibrator 1230. If the true foul
side of switch 82 is pressed, the binary one appearing at
the output terminal 1227 of gate 1127 is grounded mo-
mentarily, causing resetting of multivibrator 1230
which initiates the action of the delay multivibrator
1232 toward the issuance of a “Pinfall Ready™ signal at
a terminal 1296. If the false foul side of switch 82 is
closed, bistable multivibrator 1236 is reset immediately,
thus removing the binary zero at the input to NAND
gate 1227. This allows issuance of the “Pinfall Ready”
stgnal.

In the event of a true foul acknowledgment, an input
terminal of the NAND gate 1244 is grounded, causing
the NAND gate 1244 to apply a binary one to an input
terminal of a NAND gate 1247. Another input terminal
is connected to terminal 3110 so that if a first ball was
rolled, a binary zero is applied to the common reset
terminals of binary counter register 1202, causing it to
reset to give a zero pinfall indication in the counter
register 1202. If a second ball is rolled, a gate 1264 is
activated and pinfall is read from register 1202. Since
this 1s first ball pinfall, this action will permit-correct
computation of score in all foul situations.

The output terminal of bistable multivibrator 1215 is
connected to an input terminal of a NAND gate 1251 in
order to place a binary one into this NAND gate when-
ever the multivibrator 1215 is set by the first pinfall
pulse leaving multivibrator 1205. Other inputs into
NAND gate 1251 are a “No Corrections Being Per-
formed” signal

(P,)
which 1s introduced from a terminal 1252, a “No Power
Failure” signal introduced from a terminal 1254, and a
“No Computation on Lane 2 signal which is recetved
from a NAND gate 1256 which performs the same
functions in reference to lane 2 as does NAND gate
1251 1n reference to lane 1. An output terminal of
NAND gate 1256 is connected to an input terminal of
NAND gate 1251. Thus, when a binary one is received
from multivibrator 1215, no corrections are being per-
formed, no power failure has taken place, and no com-
putation is taking place for lane 2, all inputs to NAND
gate 1251 will be binary ones causing it to issue a binary
zero to a NAND gate 1258. This gate inverts the binary
zero to a binary one forming the “Lane 1 Computation”
signal (L) which is issued to a terminal 1259, and an
AND gate 1260, NAND gate 1212, a NAND gate 1261,
and a NAND gate 1262 by having its output terminal
connected to terminal 1259 and the input terminals of
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the aforementioned gates. Since a binary one must be
received by NAND gate 1251 from NAND gate 1256
indicating that computation is not taking place on lane
2, computation cannot occur for lane 1 when it 1s occur-

30

lar register is transmitted onto one NAND gate in each
group of the four groups of NAND gates of the output
switching device 1274, it is inverted back into the bi-
nary code of the actual pinfall count. Each bit of the

ring for lane 2 and vice versa. This is because the output 5 actual pinfall count is then inverted once more when it

of NAND gate 1251 is connected to an input terminal of
NAND gate 1256.

The NAND gate 1264 has one input terminal con-
nected to NAND gate 1261 and the other input terminal
' connected to NAND gate 1262. Normally, NAND gate
1264 will issue a binary zero unless one of its inputs goes
to a binary zero by having all of the inputs to either
NAND gate 1261 or 1262 at binary one. This action can
occur under the following conditions: first, whenever
NAND gate 1261 receives a binary one from NAND
gate 1258, indicating lane 1 computing and also receives
a binary one from terminal 3110 indicating a first ball;
and second, whenever the lane 1 signal from NAND
gate 1258, the second ball signal from terminal 3120 and
a foul indication from multivibrator 1236 are received
simultaneously by gate 1262.

Thus, NAND gate 1264 will issue a binary one indi-
cating that counter register 1202 should be read into the
arithmetic unit whenever computing occurs on lane 1
and a first ball has been rolled or a second ball has been
rolled and a foul has been committed.

A pair of NAND gates 1267 and 1268 are connected
in series to produce a “Read Counter Register 1201”
(into the arithmetic unit) signal. A binary one appearing
at the output terminal of gate 1268 indicates that a bi-
nary zero must exist at the output terminal of NAND
gate 1267. Thus, NAND gate 1268 issues a “Read
Counter Register 1201”7 whenever NAND gate 1267
receives signals that a second ball has been rolled, com-
putation is taking place on lane 1, and a foul has not
been committed. In order to obtain these signals, termi-
nal 3120 is connected to an input terminal of AND gate
1260. NAND gate 1258 is connected to another mput
terminal, and the reset output terminal of bistable multi-
vibrator 1236 is connected to a third input terminal.
Thus, NAND gate 1268 is normally a binary zero and
will issue a binary one whenever the computation is for
lane 1, a second ball has been rolled and no foul signal
has been inserted. In a similar manner, read-out signals
are produced for counter registers 1203 and 1204 by
NAND gates 1269 and 1270. The four *Read-Out”
signals are utilized to trigger portions of an output
switching device 1274 which consists of sixteen NAND
gates 1275-1290 having two input terminals each, of
which one is connected to a different one of the sixteen
bistable multivibrators which make up the four counter
registers. These inputs for each of the sixteen NAND
gates are connected to a respective reset output terminal
of each multivibrator in order to transfer the comple-
ment of pinfall to the arithmetic unit 10. The sixteen
NAND gates are divided into four groups of four
1275-1278, 1279-1282, 1283-1286, and 1287-1290. The
other terminal of each NAND gate in each group of
four is connected to a different one of the outputs of
four NAND gates 1264, 1268, 1269, and 1270 which
produce “Read-Out” signals in order that whenever
one of these NAND gates issues a ‘‘Read-Out” signal
for a particular register counter, one NAND gate in
each group of four will pass the information contained
in each different one of the multivibrators of that
counter register onto each one of four NAND gates
1292, 1293, 1294, and 1295 which function as OR gates.

Thus, whenever a “Read-Out” number for any particu-
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passes through the respective NAND gates 1292, 1293,
1294, and 1295 to respective output terminals 1296-1299
and produces an output which is transferred to the
arithmetic unit as the complement of the pinfall count
for whichever register a “Read-Out” signal has been
ordered. Each of these last four NAND gates, besides
having an input terminal for each of the outputs of the
NAND gate$ in a respective group of four from the
switching device 1274, also has a fifth input terminal
which is connected to a terminal 1291 which 1s nor-
mally a binary one except when a binary zero is placed
thereupon to indicate that a player’s score is being COr-
rected. When a binary zero appears on the input of each
one of these NAND gates, they issue a binary one so
that a series of four ones is transmitted to the arithmetic
unit. During a correction phase, the pinfall section
transmits the code for no pins down, to enable the arith-
metic unit to obtain pinfall information from the front
panel pinfall switch 65. The pinfall count code 1s a stan-
dard binary code complement when it is issued from the
pinfall sequencer on terminals 1296-1299, as indicated

in Table II.

TABLE 11
e ———
PINFALL CODE COMPLEMENT
Weight: Pinfall
e —
8421
i111 0
1110 1
1101 2
1100 3
1013 4
1010 5
1001 6
1000 7
0111 8
0110 g
0101 10
M —
Comparator

Referring now to FIG. 31, the comparator is com-
posed of a series of four equalizer circuits constructed of
NAND gates. There are four bits of information in the
identification of each player received from the player
sequencer 11 and there are four bits of information 1n
the identification received from the operating register
SR. The comparator determines whether the two iden-
tifications are the same by taking one set of four bits of
information and their four complements, adding them
to the inversion of the corresponding bits and their
complements in the other identification, and multiply-
ing the four additions (each bit and the complement of
the corresponding bit in the other identification) to-
gether in accordance with the following Boolean equa-
tion.

Equal =[(1310+1311) (13104 1311)
(1320+1321) (1320+ 1321) (13304 1331)
(13304 T331) (T340 + 1341) (13404 1341)
(Shift Complete)] + Equal Switch+ 1363

Thus, if any two corresponding bits are not identical,
one of the multiplied terms must go to a binary zero,
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making the equal signal a binary zero. The identification
from the player sequencer 11 is composed of four bits
which have the weighted values 8, 4, 2, and 1 which are
placed upon terminals 1310, 1320, 1330, and 1340, re-
spectively. Each of these terminals is connected to one
of four NAND gates 1313, 1323, 1333, or 1343 which
inverts the code character appearing at the input termi-
nal. Thus, both the identification and its complement for
each player is available to the eight NAND gates 1314,
1315, 1324, 1325, 1334, 1335, 1344, and 1345. To per-
form the Boolean function indication, each one of these
NAND gates must be furnished with an indicative bit of
a given weight or its inversion from the two identifica-
tions. The four input terminals 1310, 1320, 1330, and
1340 are also connected to the other NAND gates 13185,
1325, 1335, and 1345 as well as to the respective NAND
gates 1313, 1323, 1333, and 1343 which provide the
inversion of the bits to NAND gates 1314, 1324, 1334,
and 1344. The complements of the bits contained in the
operating register SR are received directly from that
unit and do not have to be produced in the comparator
unit itself. The respective bits of the identification in the
operating register are applied to terminals 1311, 1321,
1331, and 1341, respectively, so that they are received
on an input terminal of NAND gates 1314, 1324, 1334,
and 1344. The respective complements of these bits are
applied to terminals 1312, 1322, 1332, and 1342 so that
they are applied to input terminals of the NAND gates
1315, 1325, 1335, and 1345, respectively. Whenever the
corresponding bits of the two identifications are equal,
a binary one appears at the output of each one of the
eight NAND gates performing the eight additions. The
outputs of these eight NAND gates plus a **Shift Com-
plete’” signal of a binary one from a terminal 1316 are
applied to a NAND gate 1350 in order to form the
“Equal” output signal indicated by the formula. The
“Shift Complete™ signal is a binary one and appears
only when a word has been completely shifted into the
operating register SR. This action is a safety factor,
preventing early comparison of information, and possi-
ble errors which could result from it. With all nine
inputs to NAND gate 1350 at binary one, it will issue a
binary zero to a NAND gate 1360 by having its output
terminal connected to one of the two input terminals of
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gate 1360. NAND gate 1360 has two other input termi- 45

nals which are connected to an equal switch 232 and to
a terminal 1363. In normal operation, the binary switch
232 15 In a position to connect a binary one (minus six
volts) to an input terminal of gate 1360. In like manner,
a bmary one 1s normally placed on another input termi-
nal from the terminal 1363. Terminal 1363 goes to bi-
nary zero only when a “Team Total” signal is received
at arnithmetic unit 10, FIG. 40. This causes an “Equal”
signal to be 1ssued when “Team Totaling” is occurring.
Thus, when these two input terminals have binary ones
on them, the output of NAND gate 1360 will be the
complement of the input signal from gate 1360. When
the output of NAND gate 1350 is a binary zero, NAND
gate 1360 places a binary one on terminal 1370 to issue
an “"Equal™ signal and when the output of NAND gate
1350 is a binary one indicating that the two identifica-
tions are not equal, NAND gate 1360 places a binary
zero on terminal 1370.

During various operations, it is often desirable to stop
a word in the operating register when the identification
word 1s not equal to an identification being provided
from the sequencer. The placing of any word in the
operating register during such special operations, such
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as loading a computer memory, is achieved by operat-
Ing equal switch 232 to its ground or binary zero posi-
tion. The output of NAND gate 1360 then becomes a
binary zero and will remain so regardless of the output
of NAND gate 1350 until the equal switch is again
changed to produce a binary one. Thus, operation of the
equal switch to its grounded or binary zero position
provides a continuous equal signal of binary one on the
output terminal 1370 of the comparator.

Shift counter

Contained in the memory 15 and the operating regis-
ter SR are three hundred fifty-two bits of information.
These three hundred fifty-two bits form sixteen words
each twenty-two bits in length as previously described.
The memory 18, the operating register SR, wave shaper
15a and 1nput driver 15b may be thought of as one con-
tinuous loop constituting a storage means through
which all three hundred fifty-two bits of information
move around in sequence. At any one given time,
twenty-two bits are in the operating register and the
remaining three hundred thirty bits are in the memory
unit. Since each word is composed of twenty-two bits,
it 1s necessary to count the number of bits as they moved
around this large loop so that the movement of bits is
stopped after each series of twenty-two bits or one
word 1s moved into the operating register. The shift
counter 14 performs the function of counting the bits
moved into and out of the register from the memory 15
and 1ssues a stop signal each time a new twenty-two bits
or one word has arrived into the register. The move-
ment of twenty-two bits into the operating register and
the movement of twenty-two bits out of the operating
register back into the memory may be thought of as one
shift cycle. Referring now to FIG. 32, shift pulses are
recetved on a terminal 1410 which is connected to an
input terminal of a delay multivibrator 1411, An appro-
priate condenser terminal is connected to a delay node
terminal to wire the delay multivibrator 1411 for a ten
microsecond delay before it issues an output pulse on an
assertion output terminal to a binary counter register
1412. The binary counter register 1412 is composed of
five bistable multivibrators 1414-1418. The assertion
output terminal of delay multivibrator 1411 is con-
nected to complement input terminal of binary counter
multivibrator 1414, The following connections are
made so that the five multivibrators composing counter
1412 will count the twenty-two pulses received from
delay multivibrators 1411. A set ocutput terminal of
multivibrator 1414 is connected to a complement input
terminal of multivibrator 1415, a set output terminal of
multivibrator 1415 is connected to a complement input
terminal of multivibrator 1416, a set output terminal of
multivibrator 1416 is connected to a complement input
terminal of multivibrator 1417, a set output terminal of
multtvibrator 1417 is connected to an AC set input
terminal and an AC reset input terminal of multivibra-
tor 1418. A reset output terminal of multivibrator 1418
1s connected as an input to a NAND gate 1420.

NAND gate 1420 has two other input terminals
which are connected to the set output terminals of mul-
tivibrator 1415 and of multivibrator 1416, respectively.
The binary number, which must appear in counter 1412
to equal the decimal number 22 is 10110. Thus, a binary
one will appear at each of the three inputs of NAND
gate 1420 when the count of twenty-two has been

reached by the counter 1412 for the set output terminals
of multivibrators 1415, 1416, and 1418 which must all
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then be binary ones. A binary one will not appear on all
three of these gates until the decimal number 22 has
been reached. At this point, NAND gate 1420 has an
output of binary zero at its output terminal which is
applied to an input terminal of NAND gate 1422, Gate
1422 inverts the binary zero of a binary one and applies
1t t0 an output terminal to indicate that the shift of a
word of twenty-two bits is then complete. It is con-
nected to an input terminal of an AND gate 1424, An
output terminal of AND gate 1424 i1s connected to an
AC reset input terminal of a multivibrator 1425. A reset
output terminal of multivibrator 1428 is connected to a
trigger imput terminal of a delay multivibrator 1426.
Although the reset output terminal of multivibrator
1425 changes from a binary zero to a binary one when
the output of NAND gate 1420 goes to binary zero, this
action has no effect upon delay multivibrator 1426.
When the counter 1412 has counted to twenty-two and
provided a “Shift Complete” signal to a terminal 1316,
the comparator 13 will issue an equal signal if if finds
that the 1dentification of the code word in the operating
register 1s the same as that called for by the sequencer
11. It they are equal, a binary one appears on terminal
1370 which 1s connected to a set level control terminal
of multivibrator 1425. Timing pulses are applied to an
AC set input terminal of multivibrator 1425 from a
terminal 2025 of the timing unit 20a. Whenever the
"Equal” signal is present on terminal 1370, multivibra-
tor 1429 is inhibited from being set by any timing pulse
appearing on terminal 2025. Thus, when the desired
code word is in the operating register SR, there will be
no signal issued by the multivibrator 1425 which will
allow further shifting of the binary bits between the
shift register the memory 15. For further shifting to
occur, a “Shift Complete” signal must be removed from
terminal 1316. Thus, if the word in the operating regis-
ter does not have the identical identification as the word
called for by the player sequencer 11, the multivibrator
1425 would not be inhibited by the presence of an
“Equal” signal on terminal 1370. It would become set
and 1t would inttiate the delay period of five microsec-
onds in delay multivibrator 1426 during which a pulse
would be applied to a set of common reset terminals of
the multivibrators 1414-1417 and an AC set input termi-
nal of multivibrator 1418 via the connections between
these terminals and an inverting NAND gate 1428 con-
nected to an assertion output terminal of delay multivi-
brator 1426. At times, it is desirable to manually shift
either one word or one bit through the operating regis-
ter. When closed, the “SHIFT ONE WORD?” switch
234 on the front of the test panel 24 connects the scorer
ground to a trigger input terminal of a delay multivibra-
tor 1430. Three condenser terminals of delay multivi-
brator 1430 are wired to a delay node terminal, so that
it produces a 215 microsecond delay during which it is
1ssuing a pulse from an assertion output terminal to an
input terminal of a NAND gate 1431. The NAND gate
1431 has a second input terminal which is connected to
terminal 2025 to receive timing pulses. During the 215
microsecond delay, at least one timing pulse must be
present at the input to NAND gate 1431 since the tim-
ing pulse period is 200 microseconds. The delay multivi-
brator 1430 issues a binary one to NAND gate 1431 for
the entire 215 microsecond delay period, and a binary
one 1s provided at the other input from the terminal
2025 so that the output terminal of NAND gate 1431
will go to a binary zero. The output terminal is con-
nected to an input terminal of a NAND gate 1432 which
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inverts the binary character before applying it to an AC
set tnput terminal of multivibrator 1425. This action
causes delay multivibrator 1426 to issue a five microsec-
ond pulse which results in the resetting of the five multi-
vibrators composing counter register 1412. This again
removes the “Shift Complete” signal and counting of
another word begins. In order to utilize the “SHIFT
ONE WORD” manual switch 234, the “"EQUAL”
switch 232 must be set to its equal or grounded position.
In this manner, an “Equal” signal will appear on termi-
nal 1370 regardless of whether the identification of the
word in the register is the same as one being called for
by the sequencer.

When closed, the “SHIFT ONE BIT” manual switch
235 connects the scorer ground to an input terminal of
a delay multivibrator 1440. To utilize the manual
"SHIFT ONE BIT” switch 235, the “EQUAL"” switch
232 must be set in its equal position to inhibit setting of
multivibrator 1425, When switch 232 1s depressed,
delay multivibrator 1440 will issue a binary zero signal
to a terminal 1441 during the duration of the 200 micro-
second pertod from a negation output terminal.

Some slight possibility exists that a random shift pulse
might cause a single shift in the loop composed primar-
1ly of the operating register SR and the memory unit 15.
Since counting and shifting always occurs in groups of
twenty-two, this error would continue indefinitely if
some means were not provided to alter the situation as
soon as possible after its occurrence. For this reason, a
code word has been added with player identification
1000. This word is loaded with binary one in all loca-
tions except the player’s identtfication. Thus, the code
word 1s

1111111111111111111000

As will be presently described, circuits are provided in
the artthmetic unit 10 to detect the fact that this code
word has arrived in the operating register. When such a
circumstance occurs, the arithmetic unit issues a “*Start
Shift” signal and an immediate reset is provided for the
counter register 1412 by applying a binary one io a
terminal 1041 which is connected to an input terminal of
AND gate 1424. This applies a binary one to the AC
reset input terminal of multivibrator 1425 in the same
manner that one 1s applhied when twenty-two bits have
been counted by the counter. However, since there is
no “‘Equal” signal being applied to terminal 1370 at the
time of this detection, a reset signal i1s 1ssued immed:-
ately in the previously described method from multivi-
brator 1425 to counter register 1412 through delay mul-
tivibrator 1426 and NAND gate 1428.

Correction and out-of-turn unit

The correction and out-of-turn unit 16, FIG. 4, is
schematically illustrated in FIG. 33. The "MAKE
CORRECTION” switch 66, which is mounted on the
control panel 28, shown in FIG. 2, is connected to an
imput terminal of a NAND gate 1601 and to an input
terminal of a NAND gate 1602 to place a binary one on
these terminals when pressed. A terminal 2018 is con-
nected to another input terminal and NAND gate 1601
for the purpose of transferring a binary one indicating
the end of computation “EC” by the arithmetic unit 10.
Therefore, NAND gate 1601 will issue a binary zero
from an output terminal only when the “MAKE COR-
RECTION?” press switch 66 has been pressed to discon-
nect an input terminal of the NAND gate from ground
and thereby place a binary one thereon. A binary one
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indicating the end of computation is applied to the other
input terminal of the NAND gate 1601. An output ter-
minal of NAND gate 1601 is connected to a set level
control terminal of an AC bistable multivibrator 1604.
Timing pulses are received from a terminal 2007 on an
AC set input terminal of multivibrator 1604 which set
the multivibrator if the “MAKE CORRECTION”
switch has been pressed. Thus, multivibrator 1604 1s set
by the first timing pulse received subsequent to a binary
zero appearing on the set level input terminal of multivi-
brator 1604. When the multivibrator 1s set, a set output
terminal becomes a binary one and a reset output termi-
nal becomes a binary zero. The set output terminal 1s
connected to an input terminal of NAND gate 1602, to
a DC input terminal of a power amplifier 1606 and to an
AC reset input terminal of an AC bistable multivibrator
1607. Power amplifier 1602 amplifies the “Make Cor-
rection” signal which has been produced by bistable
multivibrator 1604. An output terminal of the power
amplifier is connected to an input terminal of NAND
gate 1608, and an output terminal of NAND gate 1608
is connected to an AC set input terminal of the multivi-
brator 1607. When the set output terminal of multivibra-
tor 1604 issues a binary one, the power amplifier 1606
amplifies the binary one which is inverted by NAND
gate 1608 to apply a binary zero on the AC set terminal
of multivibrator 1607. An output reset terminal of multi-
vibrator 1607 is connected to another input terminal of
power amplifier 1606 through an AND gate 1609 to
provide a shaped pulse to the frame thumbwheel switch
6.

A reset output terminal of multivibrator 1604 is con-
nected to an input terminal of a NAND gate 1610
whereupon the NAND gate issues a binary one at an
output terminal which is a “Special Procedure” signal
“SP.” The output terminal of NAND gate 1610 is con-
nected to an input terminal of a NAND gate 1611 in
order that gate 1611 may issue a “SP” signal of biary
zero to the terminal 1612 which is connected to the
player’s identification switch 1112, FIG. 29, to be de-
scribed presently. Simultaneously, the power amplifier
1606 issues a binary zero on an output terminal which 1s
connected to the frame thumbwheel swiich 63 and
score thumbwheel switches 64. This action occurs only
once at the time of setting multivibrator 1604. Another
input terminal of AND gate 1609 1s connected to a
terminal 1622 to receive an “Equal” signal from the
comparator. Therefore, the power amplifier must re-
ceive a binary one from multivibrator 1604, from multi-
vibrator 1607, from terminal 1622, and a timing pulse
from terminal 2007. When the resultant binary zero is
issued by power amplifier 1606, the frame wheel thumb-
wheel switch 63 is energized to issue binary code char-
acters at a set of output terminals 1623-1630 to indicate
one greater than the last corect frame when the index on
the wheel indicates the last correct frame. Thus, the
frame thumbwheel switch 63 has been manually set to
the last correct printed frame. At the same time, the
score thumbwheel switches 64 issue a last correct score
to the arithmetic unit 10 via a set of terminals
1631-1654.

The binary frame number issued on terminals
1623-1630 is the frame which is one higher than that
manually set on the frame thumbwheel switch to in-
struct the state and output control unit 17 as to the
frame and score to which a pinfall i1s to be added. An
output terminal of NAND gate 1602 is connected to the
pinfall thumbwheel switch 65 so that when the “MAKE
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CORRECTION" switch 66 s manually operated and a
binary one is received from the set output terminal of
multivibrator 1604 indicating that the arithmetic unit 10
is ready to receive a pinfall count, NAND gate 1602
will issue a binary zero to pinfall thumbwheel switch 635
to transfer the pinfall indicated therein to the arithmetic
unit 10 via terminals 1655-1658.

An AC reset input terminal of bistable multivibrator
1604 is connected to “ALL CORRECTIONS COM-
PLETE” switch 67 in order to reset multivibrator 1604
after all corrections have been made on the score sheet.
A reset level control terminal of multivibrator 1604 1s
connected to a terminal 2017 to receive an “End of
Computation” signal in order that the multivibrator
1604 will not be reset when the reset input terminal is
grounded by switch 67 if computation is still tn progress
in the arithmetic unit 10. A common reset terminal of
multivibrator 1604 is connected to a ternunal 1670 to
receive an initial reset signal which rests the multivibra-
tor when the circuitry is first energized. One of the
output terminals of power amplifier 1606 1s connected
to a terminal 1671 s that ap activation signal comnciding
with the operation of the frame thumbwheel and
thumbscore wheel outputs is provided to other units 1n
the scorer. A terminal 1672 i1s connected to the reset
output terminal of mutivibrator 1604 to indicate to ex-
ternal units of the scorer that a correction cycle 1s not 1n
progress. The output terminal of NAND gate 1602 1s
connected to a terminal 1673 to indicate to other sec-
tions of the scorer that pinfall is being transferred from
the pinfall switch into the operating register.

A pair of lamp drivers 1681 and 1682 are connected
to the reset output terminal of mutivibrator 1604 to
illuminate the lamps in switch 67 when the switch 1s
pressed and an “End of Computation™ signal 1s being
received.

The “OUT-OF-TURN TEAM-PLAYER” thumb-
wheel switch for indicating which player’s score 1s to be
selected or which player is bowling out-of-turn is lo-
cated in the sequencer 11. However, the switch 48 on
the control panel 28 is a circuit portion of the correction
and out-of-turn unit 16. Moving the switch upward on
the panel indicates that the out-of-turn player i1s bowling
on lane 1 and pressing the switch downward indicates
that the bowler is bowling on lane 2. Switch 48 1s con-
nected to ground a set input terminal of a bistable multi-
vibrator 1660 when the switch is moved to the “"LANE
1" position and to ground a set input terminal of a multi-
vibrator 1661 when it is moved to its “LANE 2" post-
tion. Grounding of these set input terminals will set the
respective multivibrator. A set output terminal of multi-
vibrator 1660 is connected to an input terminal of a
NAND gate 1662 and a set output terminal of multivi-
brator 1661 is connected to an input terminal of a
NAND gate 1663 to place a binary one thereon when
the respective multivibrators are set. Another input
terminal of NAND gate 1662 is connected to the termi-
nal 1259 to receive a binary one whenever a ball has
been rolled on lane 1 and another input terminal of
NAND gate 1663 is connected to the terminal 1213 to
receive a binary one whenever a ball is rolled on lane 2.
An output terminal of NAND gate 1662 s connected to
an input terminal of the NAND gate 1610 and an output
of NAND gate 1663 is connected to another input ter-
minal of NAND gate 1610 so that a binary one, which
indicates a special procedure is tssued from the output
terminal of NAND gate 1610 as is done when a correc-
tion is being made. This causes, as previously described,
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the desired player identification to be called into the
operating register. A terminal 2021 is connected to an
input terminal of a NAND gate 1665 and to an input
terminal of a NAND gate 1666 so that an “End of Com-
putation” signal appearing on terminal 2021 places a
binary one on these NAND gates. NAND gate 1665
receives a binary one on its other input terminal when
the ‘“Lane 1” signal is present. NAND gate 1666 re-
ceives a binary one on its other input terminal when a

“Lane 2” signal is present. Therefore, at the end of 10

computation for an out-of-turn player, a binary zero
~ will be issued by NAND gate 1665 or by NAND gate
1666 indicating that an output-of-turn player has com-
pleted bowling a ball on the appropriate lane. An output
terminal of NAND gate 16685 is connected to reset input
terminal of bistable multivibrator 1660 and an output
terminal of NAND gate 1666 1s connected to a reset
input terminal of multivibrator 1661 so that either multi-
vibrator 1660 or 1661 is reset when the “End of Compu-
tation” signal is received on terminal 2021 to prepare
that multivibrator for the next out-of-turn cycle of the
scorer. Thus, it is necessary to press the “OUT-OF-
TURN PLAYER LANE” switch 48 before cach out-
of-turn ball 1s rolled.

A reset output terminal of mutivibrator 1660 and a
reset output terminal of multivibrator 1661 are con-
nected to terminals 1667 and 1668 to provide an output
“Not Out-of-Turn” signal to the player sequencer 11.

Memory circuits

The memory unit 15 is an all magnetic shift register
composed of a series of multiaperture core elements in
which flux passing in different directions can exit simul-
taneously in a single core. These flux patterns are setup
by momentary current pulses and persist until changed.
The memory has sufficient elements to store three hun-
dred thirty binary bits of information.

Each bit of storage consists of two cores. When shift
pulses are applied to a conventional trigger generator,
indicated within box 1550 in FIG. 34, it converts them
to pulses at twice the frequency of the shift pules. Trig-
ger generator 1550 is connected to a pair of terminals
1551 and 1552 of memory 18 in order to shift alterna-
tively odd and even cores. The trigger generator re-
cerves the shift pulses from a terminal 2071. An output
terminal 1553 i1s connected to the memory output wave
shaper 15a which consists of a pulse shaping network
1554 connected to a trigger input terminal of a delay
multivibrator 1555. This delay multivibrator has a ten
microsecond delay period during which it 1ssues a bi-
nary one at an assertion output terminal. The assertion
output terminal is connected to a terminal 1526, and a
negation output terminal of multivibrator 1558 is con-
nected to a terminal 1325 of the operating register SR.
Thus, a sufficiently long well-shaped pulse 1s provided
to the operating register to insure that all binary ones
are properly transferred from the memory 15 to the
operating register.

The memory input driver 158b comprises an AC mul-
tivibrator 1560 having terminals connected to terminals
2072 and 2073 of the operating register, a NAND gate
1561 having an input terminal connected to a set output
terminal of multivibrator 1560, a delivery multivibrator
1562 having a trigger terminal connected to an output
terminal of NAND gate 1561, and a conventional set
tnput driver circuit shown in box 1563 connected be-
tween a negative assertion output terminal of delay
multivibrator 1562 and a bit input terminal 1564 of
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memory 15. A set input terminal and a reset input termi-
nal of multivibrator 1560 are connected to a terminal
2070 to receive inverted shift pulses. Another input
terminal of NAND gate 1561 is also connected to termi-
nal 2070 to receive inverted shift pulses. When a binary
one is stored in the final multivibrator (SR-22) of the
operating register, the binary one will appear on the
reset input terminal of multivibrator 1560, and a binary
zero will appear on the set input terminal. Coincident
with the leading edge of the shift pulses, multivibrator
1560 will be set and will apply a binary one to NAND
gate 1561. After the shift pulse, a binary one will be
applied to the other input of this NAND gate and delay
multivibrator 1562 will be triggered. It, in turn, will
trigger a set input driver amplifier circuit 1563 to set a
binary one into the memory via a terminal 1564.

Memory reset unit

Referring now to FIG. 33, the memory reset unit
serves to call each player's word of a given team 1nto
the operating register, one at a time, where the words
are then reset and shifted out. The principal circuit of
the memory reset unit is a binary counter which sequen-
tially counts up the identification code of the players on
a given team. The binary counter consists of four multi-
vibrators 1501-1504. The Team A “START GAME"
switch 51 and the Team B “START GAME" switch
54, shown in FIG. 2, are connected to AC set input
terminals of bistable multivibrators 1505 and 1506, re-
spectively. When a player presses the switch 51, multi-
vibrator 1505 is set. Reset output terminal of the bistable
multivibrators 1505 and 1506 are connected to input
terminals of NAND gate 1507. The output terminal of
NAND gate 1507 is connected to a NAND gate 1509, a
NAND gate 1510, and to the common reset terminals of
the bistable multivibrators 1501-1504.

The operation of switch 51 thus removes the reset
signal from the common reset terminals of the four
multivibrators. A complement of an “End of Computa-
tion” signal (EC) is received on the terminal 2017 which
is connected to the set level control input terminal of
NAND gates 1505 and 1506. When the “End of Com-
putation” complement signal 1s received, NANI gate
1509 locks bistable multivibrator 1230 in the pinfall
sequencer 12 in its set position thus preventing issurance
of any “Pinfall Ready” signal. Another input terminal
of NAND gate 1510 is connected to terminal 1370 to
receive the “Equal” signal. An output terminal of the
NAND gate 1510 is connected to trigger terminal of a
200 microsecond delay multivibrator 1520 and to the
trigger terminal of a 215 microsecond delay multivibra-
tor 1521. When the multivibrator 1505 is set and the
NAND gate 1510 receives an “Equal’ signal from ter-
minal 1370, both of the delay multivibrators will be
triggered by the next timing pulse on termunal 2018 An
assertion terminal of delay multivibrator 1520 i1s con-
nected to a complement input terminal of bistable multi-
vibrator 1501 so that the binary counter 1501-1504 will
increment by one at the end of the 200 microsecond
delay period. The negation terminal of delay multivi-
brator 1520 is connected to a terminal 1522 in order to
apply a binary zero on a memory reset bus bar. Incre-
menting of the counter causes the counter cutput to
differ from the identification of the player word in the
operating register. The comparator now puts out a
binary zero on its “Equal’’ signal terminal 1370, and the
memory shifting procedure begins. In time, the proper
player wood 0001 is located and the equal signal returns
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on terminal 1370. This again initiates a reset and count
cycle through delay multivibrator 1520. NAND gate
1523 is responsible for stopping the reset cycle at the
proper point. This unit detects binary zeros in at least
three digits of the identification by having three of its
input terminals connected to a reset output terminal of
each of the bistable multivibrators 1501-1503. After all
words on either team are reset, the countfing action will
increment the binary counter so its last three digits are
binary zeros. During the incrementing, the delay multi-
vibrator 1521 is in the delay cycle. The negation output
terminal of this delay multivibrator ts connected to an
input terminal of NAND gate 1523. Thus, after the
delay period of delay multivibrator 1521 all inputs to
NAND gate 1523 are binary one and its output termi-
nal, which is connected to an AC reset input terminal of
the bistable multivibrator 1505 and an AC reset input
terminal of the bistable multivibrator 1306 becomes a
binary zero. Since resetting was to occur for Team A,
bistable multivibrator 1505 will have been previously
set so it 1s now reset, thus completing the cycle.

When the Team B “READY TO START GAME”
button 54 is pressed, a cycle of identical operations
occurs when bistable multivibrator 1506 i1s set and an
“End of Computation” signal to received on a level set
control terminal of multivibrator 1506. A delay multivi-
brator 1524 which has an input trigger terminal con-
nected to the output terminal of NAND gate 1508 1s
energized. Since a negation output terminal is con-
nected to a DC input terminal of bistable multivibrators
1501 and 1504, these multivibrators are set to binary
one. This action calls the first player of Team B, which
is Player 9, into the register, and action proceeds as it
does for Team A.

State and output control unit

There are basically seven sets of computation 1nstruc-
tions which may be issued to the arithmetic unit for it to
perform the proper scoring of a pinfall to the previous
accumulated score. One of these seven sets of instruc-
tions will apply for each totalizing operation done by
the arithmetic unit 10. Each of set of instructions to
applicable for a given situtation which corresponds to
one of seven states of a bowling game which are that a
first ball has been rolled following an open frame, a first
ball has been rolled following a single strike, a first ball
has been rolled following two strikes, a first ball has
been rolled following a spare, a second ball has been
rolled in an open frame (if not preceded by a strike), a
second ball has been rolled following a strike, and all
bowling has ceased. In order to identiy these seven
states and to identify the sets of rules for computing by
the arithmetic unit, these seven scoring states have been
numbered 1 to 6 and “'S” for the stop state condition as
indicated in Table III.

TABLE 111
STATE AND SCORING STATUS
State  SR-1 SR-2  SR-)

! ] 0 1 First ball following open frame.

2 0 ] ¥ First ball following a single
strike.

3 l l 4, Second ball 1n an open frame
(if not preceded by a strike).

4 O I | First ball following two strikes.

5 l l | Second ball following a strike.

6 l 0 i First ball following a spare,

S 0 0 0 Stop state-all bowhing ceased.

M"—
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Besides the state numbers and a statement of the states,
the above table shows the binary code numbers which
indicate the seven states as they appear in portions
SR-1, SR-2, and SR-3 of the operating register shown in
FIG. 36. The state and output control unit 17 not only
detects the player state for each pinfall received but it
also computes a new state for the computation of the
subsequent pinfall. When a player word arrives in the
operating register, the player’s state is contained in the
last three bits, SR-1 through SR-3. This state, when
combined with other inputs, produces the instructions
for the computations to be performed by the arithmetic
unit utilizing pinfall it has received.

FIG. 37 is a diagram of the relation of the seven
scoring states; each of the circles includes the state
number found in Table III and the binary code associ-
ated therethrough. The circles are joined by a system of
arrows each of which contains the notation of two
symbols, a slant line, and one or more symbols. The two
symbols before the slant line indicate the frame and
pinfall information, respectively, which are utilized to
decide what state the player’s score will be in following
the completion of a scoring of a pinfall under computa-

tion at the time. Definitions of these symbols are found
in Table IV.

TABLE 1V

The first symbols referring to frame are:
¢ =frame is not important (often called a “don’t care”

condition)
J=first ball in tenth frame
K =second ball in tenth frame
I =first ball in eleventh frame
M =second ball in eleventh frame

Any barred notation (i.e., L.) represents the negation
of the function. Thus L means “not L,” or not the first
ball in the eleventh frame. |

The second symbols referring to pinfall are:
¢ = pinfall is not 1mportant
10=ten pins down
10=Iless than ten pins down
The symbols after the slant line represent the set of
instructions that must be carried out once the frame
number and the general result of pinfall are known 1n
order to complete the instructions in the player’s word
for the computation of that particular pinfall. The circle
at the arrowhead, indicates the state and its binary 1den-
tification which is computed and placed in the first
three bits of the word at the end of a computation of
pinfall to provide instructions of the computation of a
subsequent pinfall. The functions, if there are more than
one, are carried out in the order they appear on an
arrow. The significance of these functions are shown n

Table V.
TABLE V

=N-R-N-N-N-N-N N
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TABLE V-continued

Add this # to Mark Total
Add this # to Score

Print Score when “'S”

Add # Shown to Box Printer

[.ocation
Print Box When = To #

[F

The first function following the slant line is referred to
as a Rank 1 function, meaning it is the first to be per-
formed. If there is a second symbol, it is referred to as
Rank 2, a third as Rand 3, and a forth as Rand 4.

Thus, to go form one state to another, the appropriate
circle indicates the state in which the condition of a
player’s score was at the time he rolled a ball, and the
circle to which the proper arrow points indicates the
state in which his score will be after computation of the
pinfall resulting from the rolling of the ball. For exam-
ple, in going from state 4 to State J, function f31s first
performed, then f3, and finally fs.

Turning now to FIG. 36, the state and output control
umit 17 is connected to the first three multivibrators
SR-1, SR-2, and SR-3 of the operating register. Table
V1 below shows the outputs that are produced by the
three operating register multivibrators SR-1, SR-2, and
SR-3 when the binary code for the various particular
states are shifted into them.

TABLE VI

Binary one
Present on
State Terminals

1 1705, 1706, 1708
2 1704, 1707, 1708
3 1705, 1707, 1708

Scoring Siatus

First ball following open frame.

First ball following a single strike.
Second ball in an open frame (if not pre-
ceded by a strike).

First ball following two strikes.

Second ball following a strike.

First ball following a spare.

Stop state-all bowling ceased.

“Don't care” (never produced).

1704, 1707, 1709
1705, 1707, 1709
1705, 1706, 1709
1704, 1706, 1708
1704, 1706, 1709

R Ao SRV R -

To supply a series of terminals 1704-1709 with the
proper binary ones as indicated in Table V], a series of
power amplifiers 1716-1721 have their respective iput
terminals connected to the respective three set output
terminals and the three respective reset output terminals
of the three multivibrators SR-1, SR-2 and SR-3. Since
the three multivibrators are connected to form a portion
of the operating register which is a shift register, these
terminals are also connected to the respective level
control terminals of the respective subsequent binary
multivibrator in the operating register.

Referring now to FIG. 38, a group of Rank 1 NAND
gates 701-712 are generally indicated by being enclosed
in a dashed line 1701, group of Rank 2 gates are gener-
ally indicated by being enclosed in a dashed line 1702, a
group of Rank 3 gates are generally indicated by being
included within the dashed line 1703 and a small group
of Rank 4 gates are indicated by being included within
a dashed line 1722. Tke ranks refer to the order in which
any of the nine functions are to be performed as indi-
cated in F1G. 37. Thus, for example, in going from
circle 5 to circle 6, which is the passage from State 5 to
State 6, Function fgis a Rank 1 function, Function f>in
a Rank 2 function, and Function f3is a Rank 3 function,
indicating that they are performed in that order. Each
group of rank gates includes a series of selecting gates
701-712; 721-728; 731-735; and 741-742 which are
arranged to detect the information necessary to deter-
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mine whether a particular function which might occur
in each rank is to be performed by the rank. To make
such a determination, the NAND gates in each rank
group of NAND gates must be capable of receiving
states contained in SR-1, SR-2, and SR-3, whether the
last pinfall was ten or less than ten and whether one of
the following situations prevails or does not prevail.
First ball in tenth frame has been rolled (J)

Second ball in tenth frame has been rolled (K)

First ball in eleventh frame has been rolled (L)
Second ball in eleventh frame has been rolled (M)
Frame is not important (“Don’t Care” condition)

Any barred notation (L) represents the negation or
complement function, thus (L) means “not L” or not the
first ball in the eleventh frame. Referring again to FI1G.
37, the first symbol on each arrow refers to the frame
information and the second symbol refers to whether or
not a count of ten was accomplished on the pinfall being
computed. It will be noted that ¢ appears both in the
first and second character position on some of the ar-
rows indicating that either the frame is not important or
pinfall is not important, respectively.

In order to determine from the state code contained
in SR-1, SR-2, and SR-3 and the necessary frame and
ten or less pinfall information, the NAND gates of the
four groups 1701, 1702, 1703, and 1722 have input ter-
minals connected through terminals 1704-1709 to the
power amplifiers 1716-1721 to receive the presence of
the binary characters contained in SR-1, SR-2, and
SR-3. One terminal of each pair 1704 and 1705 or 1706
and 1707 or 1708 and 1709 will contain binary one de-
pending on the state of SR-1, SR-2, and SR-3, respec-
tively. Thus, when one of the NAND gates needs to
know that the first character of the state identification
code is a binary zero, it receives a binary one on its
appropriate terminal. By providing definite binary one
signals for both the presence of binary one and zero in
the state identificaton code, the NAND gates in the four
groups can have their inputs so arranged that they will
actuate further circuits when all their inputs are binary
ones by issuing a binary zero from their output termi-
nals. Each one of the power amplifiers 1716-1721 has
two output terminals being connected to terminals
17042 and 1704b, 1705a and 1705b, 1706a and 1706b,
1707a and 1707b, 1708a and 1708b, and 1709a and
1709b. The indication of small a’s and small b’s merely
indicates that there are two actual outputs of a given
signal from the amplifiers. In referring to a detection
section of the state and output control unit shown in
FIG. 38, the numbers of the terminals connected to the
power amplifiers are not indicated with a small a or
small b since it is immaterial as far as the theoretical
functioning of the circuit as to which output terminal of
a power amplifier they are connected to. Thus, in order
to distribute the load, about half of the inputs which are
indicated by a general terminal number in FIG. 38 will
be connected to the terminal in FIG. 36 being indicated
by a small a and the other half to the terminal being
indicated by a small b. Thus, the four groups of NAND
gates are connected to receive the state information
from SR-1, SR-2, and SR-3. A number of them must
also receive frame information. This information is re-
ceived from the operating register through the arithme-
tic unit 10 and placed on the appropriate NAND gate
inputs. The third general category of information that
the groups of NAND gets must receive is the ten or less
pinfall information. This is recived by their appropnate
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input terminals from connecting terminals 1038 and
1039. The “Ten™ and “Less than Ten” pinfall signals
appearing on these terminals are produced in the arith-
metic unit 10 as will be presently described. Thus, in
summary, the NAND gates are connected to SR-1,
SR-2, and S3 to the operating register and to the arith-
metic untt to obtain their necessary information to make
a decision as to which of the nine functions must be
performed and to set up the new identification code of
the state resulting from the pinfall. For example, refer-
ring to FIG. 37, if the state previous to the pinfall was
3, if it was not the second ball in the eleventh frame and
if the pinfall was 10, the NAND gates must signal that
the functions f,, f2, and f3shall be performed and the
new state 1s 6. State 6 must be placed in SR-1, SR2, and
SR-3. In order to accomplish the functions, the various
outputs of the groups of the NAND gates in the four
groups of NAND gates are connected to multivibrators
1751-1759 so that the respective multivibrators are set
when a particular function is required. The outputs of
these multivibrators are connected to a set of terminals
1761-1772 to issue the appropriate control signals when
required as follows:

_%—*_ﬂ_—_

Terminal number:  Control signal

W

1761 PRINT SCORE.

1762 DO NOT PRINT SCORE.

1763 DO NOT ADD PINFALL TO SCORE.
1764 ADD PINFALIL TO SCORE.

1765 ADD 10 TO SCORE.

1766 ADD I TO BOX PRINT LOCATION.
1767 ADD 1 TO BOX PRINT LOCATION.
1768 PRINT BOX SCORE.

1769 DO NOT PRINT BOX SCORE.

170 ADD 20 TO SCORE.

771 ADD 2 TO MARK TOTAL.

772 ADD 1 TO MARK TOTAL.

M

As will be presently described, the control signals ap-
pearing on these terminals are utilized to command the
operation of various portions of the arithemtic unit 10
and the output unit 18.

Since the functions must be performed in the proper
order, there must be a delay between the output com-
mand from the Rank 1 NAND gates before the Rank 2
NAND gates command the Rank 2 functions and there
must be a delay before the Rank 3 NAND gates issue
signals for the functions command by Rank 2 to be
completed, and in like manner, the Rank 4 signals must
not be 1ssued before the functions indicated by Rank 3
have been completed. In order to provide a time delay
between the issuing of signals from each of the four
respective ranks, a set of delay multivibrators 1728,
1729, 1730, 1714, and 1715 are provided. Referring to
FI1G. 38 and Table V, every function that appears as a
first rank function which is followed by a second higher
rank function calls for the printing of a box score signal
to be 1ssued from terminal 1768. The operation of this
box printing will be described presently.

Subsequent to the printing of a box score, either an
automatic or manual “Box Print Complete” signal is
received on a terminal 1816 connected to a trigger input
terminal of the delay multivibrator 1728. The NAND
gates in the four groups of NAND gates have another
iInput terminal which receives an actuation signal from
one of tour rank timing multivibrators, 1725 for Rank 1,
1726 for Rank 2, 1727 for Rank 3, and 1715 for Rank 4.
Each respective multivibrator is connected to one input
of each NAND gate in its respective rank group of
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NAND gates so that the NAND gates will issue binary
zeros only when they receive the timing pulse from the
respective timing multivibrator. When a multivibrator
1725 i1s the Rank 1 timing multivibrator, it is reset by
receiving a *'Pinfall Ready” signal, it issues a binary one
to all the NAND gates of the Rank 1 group 1701 so that
if any of them have received binary ones from the oper-
ating register, from the pinfall ten or less circuitry in the
arithmetic unit 10, or frame information circurtry of the
operating register and arithmetic unit, they will then be
able to 1ssue a binary zero signifying that a particular
operation is to be performed as part of the first function.
The “Print Box Complete” signal received by the delay
multivibrator 1728 triggers its 11.5 microsecond delay.
At the end of this 11.5 microsecond period, delay multi-
vibrator 1728 issues a signal to the set input terminal of
multivibrator 1725 resetting it and a signal to a reset
terminal of Rank 2 timing multivibrator 1726. The reset-
ting of multivibrator 1726 causes it to issue a binary one
timing pulse to all of the NAND gates in Rank 2. It will
be noted from FIG. 37 that the function f is the only
second rank function that must be determined by the
second rank NAND gates. However, a large number of
NAND gates are required to detect this function be-
cause 1t must be detected leaving all but States 1, 2 and
3 and for various frame and pinfall information. The one
operation that Function f; refers to is the issuing of a
“Print Score” signal. Thus, all the Rank 2 NAND gates
are connected to the print score command multivibrator
1731. After it issues its “Print Score” signal a signal will
eventually appear on the terminal 2006 which is con-
nected to a trigger input terminal of delay multivibrator
1729 to trigger its delay period of 11.5 microseconds. At
the end of this delay period, it issues a signal from its set
output terminal which is connected to a set terminal of
Rank 2 multivibrator 1726 and to the rest terminal of
Rank 3 multivibrator 1727 to set the Rank 2 multivibra-
tor and to reset the Rank 3 multivibrator. The Rank 3
NAND gates detect the need for performing either
functions f3, f7, or fg which are to add either 10, 20, or
the actual pinfall to the score in the register. Therefore,
they will issue a signal to multivibrators 1753, 1757, or
1752 to command them to issue the appropriate *“Add
10, 20, or Pinfall” signal from terminals 1765, 1770, or
1764, respectively.

At the time Rank 3 multivibrator 1727 is reset in
order to time the Rank 3 NAND gates, its set output,
which 1s connected to a trigger terminal of the delay
multivibrator 1730 issues a binary zero to initiate the 200
microsecond delay of delay multivibrator 1730. An
assertion output terminal of delay multivibrator 1730 is
connected to the set input terminal of the Rank 3 multi-
vibrator 1727 to set it. Thus, Rank 3 multivibrator 1727
i1s set 200 microseconds after it has been thrown to its
reset position timing the Rank 3 NAND gates. The 200
microsecond period is sufficient for the NAND gates to
issue their appropriate signals although not necessarily
sufficient to allow for the action initiated by the com-
mand signals to take place. The action, however, will
continue until completed. The only Rank 4 function is
f2 and the only operation in f2 is the “Print Score”
command. Thus, the only command to be issued as a
result of the action of the Rank 2 NAND gates is the
1ssuing of a “Print Score” command signal to multivi-
brator 1751. If a fourth rank function is required, the
first NAND gate of the Rank 3 NAND gates will trig-
ger delay multivibrators 1714 and 1715 through their
respective set input terminals. Delay multivibrator 1714
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has a 215 microsecond delay period before it issues a
signal through a reset output terminal, which is con-
nected to the set input terminal of multivibrator 1752 in
order to have it issue an “Add Pinfall to Score™ com-
mand signal at terminal 1764. It will be noted that multi-
vibrators 1714 and 1715 are triggered by the first Rank
3 NAND gate only when the fourth rank function f2is
required. Referring to FIG. 37, it will be noted that this
would be going from State 5 to either State 1 or State 5.
The only difference between the decision to go to State
1 or State S would be whether the pinfall results from
the second ball in the tenth frame or not. Thus, the first
NAND gate of the Rank 3 group 731 detects all the
necessary information except whether this is the second
ball in the tenth frame when it triggers delay multivibra-
tors 1714 and 1715. Delay multivibrator 1715 has a
2.200 microsecond delay. Its set output terminal is con-
nected to a reset input terminal of the Rank 4 timing
multivibrator 1723 and its reset output terminal 1s con-
nected to a control level set input terminal of the output
command multivibrator 1752 so that the multivibrator
1752 can be set by delay multivibrator 1714 only during
the 2,200 microsecond delay period of multivibrator
1715. When the Rank 4 multivibrator 1723 is reset, it
places a signal on the inputs of the Rank 4 NAND gates
1722. One of these NAND gates will issue a binary zero
if it is the second ball in the tenth frame and the other
will issue a signal if it is not the second ball in the tenth
frame. Thus, an output signal will appear either on
terminal 1738 or 1739. The issuance of a binary zero by
either gate will initiate the setting of print score com-
mand muitivibrator 1751 so that it issues a print score
command at terminal 1761.

Referring to FIG. 36, a set of output terminals 1731
through 1745 of the four ranks of NAND gates are
connected to the input terminals of various NAND
gates which form three groups of NAND gates each of
which has its final output terminals connected to the
input terminals of multivibrators 1710, 1711 and 1712,
respectively. Thus, the four ranks of NAND gates can
provide output signals which are combined by the
NAND gates shown in FIG. 36 to set up a binary code
of a new state in three multivibrators 1710-1712. The
output terminals of these three multivibrators are wired
to the set and reset level control input terminals of the
three multivibrators SR-1, SR-2, and SR-3 of the oper-
ating register. In each of the groups of NAND gates
1701-1703, which are the Rank 1, 2, and 3 gates, are the
necessary circuits to detect that this particular rank s to
be the last rank required in going from one state to
another. These signals have been produced by the cir-
cuit shown in FIG. 38 appear in the circuit of FIG. 36
so that they finally trigger a delay multivibrator 1779
and issue an “End of Operation’ signal on a terminal
1780. As shown in FIG. 38, the signal on terminal 1780
is connected to the timing multivibrators 1725-1727 to
cause them to be set. In addition, terminal 1780 i1s con-
nected to a multivibrator 1781 which has its set output
terminal connected to reset level terminals of multivi-
brators 1726 and 1727 to prevent these Rank 2 and Rank
3 timing multivibrators from being set at the end of the
11.5 microsecond delay period of delay multivibrators
1728 and 1729, respectively. Thus, if only a Rank 1
function is required, Rank 2 timing multivibrator is
pevented from being reset and issuing a timing signal to
the Rank 2 NAND gates and if two ranks are required
but not a third rank function, Rank 3 timing multivibra-
tor 1727 is prevented from resetting and issuing a timing
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signal to the Rank 3 NAND gates after the Rank 2
functions have been performed. As previously ex-
plained, the Rank 4 gates are placed in action only when
the first Rank 3 gate has determined that there shall be
a Rank 4 function. The output terminal of multivibrator
1781 is also connected to a terminal 1775 through a
power amplifier 1782. Referring again to FIG. 36, it will
be noted that the terminal 1775 is connected to the AC
set and AC reset input terminals of SR-1, SR-2, and
SR-3, so that when multivibrator 1781 is set by an “End
of Operation” signal from terminal 1780, a state code
contained in the bistable multivibrators 1710-1712 will
be transferred to SR-1, SR-2, and SR-3, so that the
operating register SR now contains the new state result-
ing from the pinfall.

After any player finishes bowling, it is desirable to
increment the sequencer to prepare for the next player.
All states not involving a second ball (States 1, 2, 4, 6
and S) should cause incrementing, except when the
player is bowling as the result of marking in the tenth
frame. The player sequencer 11 should be incremented
to the next player after a mark or team total printing.
The set of NAND gates within a dashed line 1783 de-
tect this information by being wired, as shown in FIG.
36, to bistable multivibrators 1710 and 1711, to the oper-
ating register, to the arithmetic unit, and to the
“LEAGUE-OPEN BOWL"” switch 46. Multivibrator
1781 provides a signal to terminal 1749 to power ampli-
fier 1782 at the same time it applies a signal to terminal
1775. Terminal 1779 is connected to a delay multivibra-
tor 1784 which has a delay period of ten microseconds
which allows time for the state code in multivibrators
1710-1712 to be transferred to SR-1, SR-2, and SR-3
before delay multivibrator 1784 issues a signal at its
assertion output terminal. This terminal is connected to
input terminals of the NAND gate circuitry 1783 allow-
ing it to produce an increment sequencer signal at termi-
nal 1102 of the sequencer unit 11.

The command multivibrators 1758 and 1759 which
perform the function of issuing “Add 2 To The Mark
Total” signal or “Add 1 To The Mark Total” signal,
respectively, will issue these signals of the terminals
1771 and 1772, respectively, if a strike or spare was
made, and if the multivibrators were not inhibited at
their set input level terminals by a binary one on an
output terminal of a NAND gate 1785. The NAND
gate 1785 receives on its input terminals the “League
Bowling” signal of switch 46, the “Not First Ball In
Tenth Frame” signal, the “Not Second Ball in Tenth
Frame” signal, the *“Not First Ball In Eleventh Frame”
signal, and the “Not Second Ball In The Eleventh
Frame” signal. In the tenth and eleventh frames, as well
as in open bowling, no mark total is to be made. Thus,
if the NAND gate 1785 receives on its input terminals
an “Open Bowling” signal in the form of a “Not
League” signal or if it receives any signal which indi-
cates that the ball bowled was a tenth or eleventh frame
ball, a binary one is issued to the set control levels of the
multivibrators, preventing them from issuing any signal
to add to the mark total. A reset output terminal of
multivibrator 1758 and a reset output terminal of multi-
vibrator 1759 are connected through a pair of NAND
gates 1787 and 1788 to an output terminal 1774 to pro-
vide it with a “Not Mark Total” signal there. The utili-
zation of the signal appearing on terminal 1774 will be
described presently.

A set input terminal of a delay multivibrator 1760 1s
connected through a pair of NAND gates to a reset
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output terminal of print score command multivibrator
1751 and to the reset output terminal of print box score
multivibrator 1756 in order that if either a **Print Score”
or “Print Box Score” command signal is issued, the
delay multivibrator 1760 will be trigged. Its delay per-
10d is several seconds. A negation output terminal of the
delay multivibrator 1760 is connected through the
"AUTOMATIC-MANUAL” switch 76 and a NAND
gate 1786 to a terminal 1773 when the switch 76 is in the
“Automatic” position in order to place a “Print Com-
plete” signal on terminal 1773 during the delay period
of the delay multivibrator 1760. If the switch 76 is in the
manual position, the manual “PRINT COMPLETE”
press switch 75 may be operated to apply a “Print Com-
plete” signal to terminal 1773 when it is opened by
being manually pressed. The connection of terminal
1773 to the circuitry of the output unit 18 will be de-
scribed presently.

Arithmetic unit

The arithmetic unit performs the functions com-
manded by the state and output control unit at the
proper time. In addition, it controls the team total calcu-
lation, detects the code word, and generates the frame
information for use elsewhere in the machine. The ari-
themtic unit is connected to multivibrators SR-4
through SR-22 of the operating register. SR-4 through
5r-13 are shown in the score section of arithmetic unit
10 which is schematically illustrated in FIG. 39 and
SR-14 through SR-22 are schematically shown in FIG.
40 which illustrates the box-frame locater and player
identification sections of the arithmetic unit 10.

Referring first to FIG. 39, a delay multivibrator 1011
has its trigger terminal connected to terminal 1196 of
the player sequencer 11 in order to receive the “Pinfall
Ready” signal to commence its five multivibrator delay
period. During this five microsecond delay period, a
binary zero is applied to terminal 1012 by having it
connected to a reset output terminal of multivibrator
1011. Referring to FIG. 38, terminal 1012 is connected
through the NAND gate 1787 to a terminal 1013. Refer-
ring again to FIG. 39, the terminal 1013 is connected to
input terminals of NAND gates 1019, 1020, 1021, and
1022. The outputs of these NAND gates are, in turn,
connected to input set node terminals of bistable multi-
vibrators 1001, 1002, 1003, and 1004, respectively. The
NAND gates 1019-1022 are connected via terminals
1296, 1297, 1298, and 1299 to the pinfall sequencer 12.
Thus, the complement of the pinfall from an appropri-
ate portion of the pinfall sequencer is available at input
terminals of the NAND gates 1019-1022. However,
these four multivibrators are wired to receive a binary
one on their common reset input terminals and thus
keep the set of multivibrators reading 1111. These four
multivibrators, as may be seen from FIG. 39, are wired
as a four bit binary counter-register. Thus, although
pinfall is avatlable at the NAND gates 1019-1022, it
cannot be registered in the binary counter of multivibra-
tors 1001-1004 until the reset signal on their common
reset input terminals is removed.

Referring again to FIG. 39, the terminal 1197 from
the pinfall sequencer 12 which carries the “Pinfall
Ready” signal is connected to a terminal 1014 through
a NAND gate which inverts it before applying it to a
power amplifer 1049 which again inverts it and applies
it through a series of two NAND gates to the common
reset input terminals of the four bistable multivibrators
1001-1004. These various inversions result in the re-
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moving of the reset signal from the four bistable multi-
vibrators. The gates 1019-1022 reinvert the comple-
mert of the pinfall data so that the actual pinfall is pres-
ent in the binary counter composed of multivibrators
1001-1004 as soon as the reset signal is removed from
the common reset input terminal of each multivibrator.
Thus, a binary one on the complemented pinfall input to
the respective NAND gates reports a binary zero or
true pinfall into the inverted multivibrators. A set out-
put terminal of each of the multivibrators 1001-1004 is
connected to one of four input terminals of a NAND
gate 1023 in order that an output terminal of NAND
gate 1023 may issue a binary one to a terminal 1024
whenever one or more of the multivibrators constitut-
ing the binary counter contains a binary zero, thereby
indicating that pinfall has been received from the se-
quencer and placed in the counter composed of the
multivibrators 1001-1004.

Referring now to the box print location and player
identification section of the arithmetic unit shown in
FIG. 40, terminal 1024 is connected to an input terminal
of NAND gate 1025. An input terminal of a NAND
gate 1050 1s connected to the terminal 1763 to receive
the “Not Add Pinfall to Score” signal from multivibra-
tor 1752 in the detection section of the state and output
control unit 17. The NAND gate 1050 has an output
terminal connected to another input terminal of NAND
gate 1025. In addition, NAND gate 1025 is connected to
terminal 1370 to receive the “Equal” signals from the
comparator and has an input terminal connected to a
terminal 2008 to receive timing pulses from the timing
unit. With these two NAND gate circuits, the output of
which appears on terminal 1026 by being connected to
output terminal of NAND gate 1025, count pulses are
issued only as long as the “Not Add Complete” signal is
present, the “Not Add Pinfall to Score” signal is present
at an input to NAND gate 1050 which inverts this sig-
nal, and an “Equal” signal is present from the compara-
tor. Thus, with the proper word in the comparator, a
“Not Add Complete” signal from the score section of
the arithmetic unit 10, pulses will appear on the terminal
1026 upon the “Not Add Pinfall” signal becoming a
binary zero at terminal 1763 which causes the issuance
of a binary one to NAND gate 1025. At this moment, all
inputs to NAND gate 1025 are binary one except for the
timing pulse which is a binary one for seven microsec-
onds of each 200 microseconds. Thus, the timing pulses
are allowed to pass through to terminal 1026. Referring
again to FIG. 39, the count pulses are applied to bistable
multivibrator 1009 at a complement terminal through a
NAND gate 2090 and to a complement input terminal
of bistable multivibrator SR-4 through a NAND gate
1051. Thus, as the timing pulses are received, the binary
counter composed of bistable multivibrators 1001-1004
counts downward while the multivibrators 1001-1010
will count upward. When a binary zero has been
reached in each of the multivibrators 1001-1004, the
“Add Complete” signal issued at terminal 1024 becomes
a binary zero which causes NAND gate 1025 to cease
passing counting pulses to terminal 1026. Thus, the
pinfall count which was contained in the binary counter
of multivibrators 1001-1004 has been transferred to the
operating register, adding it to any previous score of the
bowler.

Reterring to FIG. 39, the terminal 1765 of the state
and output control unit 17, which issues the “Add 10 to
Score” signal, is connected to the trigger input terminal
of a delay multivibrator 1027 through a NAND gate
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1028 in order to trigger the delay multivibrator which
has a ten microsecond delay period. Terminal 1765 1s
also connected through NAND gate 1028 and a NAND
~ gate 1029 to a complement input terminal of multivibra-
tor SR-8. An assertion output terminal of delay multivi-
brator 1027 1s connected to a terminal 1030 for the
purpose of issuing a “Reset-Add 10 to Score” comple-
ment signal. Referring to FIG. 38, terminal 1030 is con-
nected to a reset input terminal of bistable multivibrator
1753 so that it is reset at the end of the ten microsecond
delay period of multivibrator 1027.

The terminal 1770 of the state and output control unit
which issues the “Add 20“ signal i1s connected through
a diode cluster to an input node terminal of delay multi-
vibrator 1031. Timing pulses are applied through the
same diode cluster to the input node terminal from the
terminal 2025. Thus, when delay multivibrator 1031
receives both an “Add 20” signal and a timing pulse, it
1s triggered to begin a 400 microsecond delay period.
During this delay period, a binary one appears on an
assertion output terminal. This terminal is connected
through a NAND gate 1033 which receives the comple-
ment of timing pulses on another input terminal from
the terminal 2008, and through the NAND gate 1029 to
the complement input terminal 23 of SR-8. Since the
delay period of delay multivibrator 1031 1s 400 micro-
seconds long, two timing pulses will be transmitted
through the circuitry to SR-8, causing it to increase the
score by 20. The assertion output terminal of delay
multivibrator 1031 is connected to a terminal 1032 for
the purpose of issuing a “Reset—Add 20 to Score”
signal to a respect input terminal of bistable multivibra-
tor 1757.

Two of the pieces of information that were required
as inputs to the four ranks of NAND gate groups were
the “Pinfall 10" or “Less Than 10 Pinfall” signals. This
information is supplied through a NAND gate 1034, a
bistable multivibrator 1035, and a pair of power amplifi-
ers 1036 and 1037 to terminals 1038 and 1039. A reset
input terminal of multivibrator 10335 1s connected to an
output terminal of power amplifier 1049 in order that
multivibrator 1035 may be rest during the pinfall ready
delay period. NAND gate 1034 has its inputf terminals
connected to the four bistable multivibrators 1001-1004
which compose the pinfall binary counter, as shown in
FIG. 39, so that a binary zero will be 1ssued only when
the counter contains binary 1010 which 1s decimal 10.
At the end of the five microseécond delay period of
delay multivibrator 1011, a new pinfall is contained in
the binary counter but the down counting which, in
eftect, transfers this count to the shift register has not
begun. The assertion output terminal of delay multivi-
brator 1011 is connected to a set input terminal ofmul-
tivibrator 1035 in order to furnish a set signal to multivi-
brator 1035 for the five microsecond delay period.
However, unless a binary zero has been supplied to the
set level terminal of multivibrator 1035 by NAND gate
1034, multivibrator 103S cannot be set. Thus, the binary
equivalent of decima! 10 must be present in the counter
before multivibrator 1035 can be set. In order that the
“Les Than 10” and **10 Pinfall” signals may be issue to
the multiplicity of NAND gates 1n the state and output
control unit 17, a set output terminal and a reset output
terminal of multivibrator 103§ are connected to termi-
nals 1038 and 1039 through power amplifiers 1036 and
1037, respectively.

Referring now to FIG. 40, it will be noted that the
multivibrators SR-14 through SR-18 are not only con-
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nected to shift the bits of the binary words through
them but are connected as a binary counter. This binary
counter is for the storage and counting up of both frame
and ball information. Table VII indicates the arrange-
ment of binary numbers contained in SR-14 through
SR-18 to indicate the ball and frame information.

TABLE VII
SR-18 SR-17 SR-16 SR-15 SR-i4  Frame Ball
0 0 0 | D l !
0 G 0 ] 1 l 2
0 G ] 0 D 2 1
0 0 I 0 ] 2 Z
0 0 ] 1 0 3 1
0 0 1 i i 3 2
0 ] 0 0 0 4 l
0 ] 0 0 1 4 i
0 ] 0 I 0 5 l
0 1 0 I 1 5 2
0 ] 1 0 0 6 !
0 ] i 0 | 6 2
0 1 1 I 0 7 !
0 1 1 i I 7 2
1 0 D 0 0 g I
1 ¢ 0 0 | 8 2
i 0 0 i D 9 l
1 0 0 1 1 9 2
] 0 1 0 0 10 |
] 0 1 0 ! 10 2
] 0 ] i 0 1] i
] 0 ] i ! 11 2

The addition of a binary one to any of the five bit nota-
tions makes it equal to the subsequent notation. Thus,
for example, to go from the first ball in a frame to the
second ball of the same frame, it is only necessary to add
a binary one to the notation for the first ball of the
frame. In like manner, to go from the second ball of a
frame to the first ball of the next frame, it 1s only neces-
sary to again add a binary one to the previous notation.
Thus, the addition of a binary one indicates the ad-
vancement of one ball or one box on a score sheet. To
move a whole frame or two boxes, 1t 1s necessary to add
two to a previus notatton. Since the multivibrators
1040-1044 form a binary counter, they will register the
frame and ball information if they receive input pulses at
the proper time on a terminal 1052 which 1s connected
to a complement input terminal of multivibrator SR-14.
The frame and ball information taken together consti-
tute a box printer location which is utilized to direct the
display of box score information in the appropriate box
of a score sheet.

Referring now to FIG. 39, the circuitry necessary to
provide pulses to the binary counter will be described,
A NAND gate 1053 has its inputs connected to terminal
1772 of the state and output control umt 17 for the
purpose of receiving an “Add 1 to Box Print Location™
signal, to a terminal 1054 for receiving an eleventh
frame second ball signal, and to terminal 1790 of the
state and output control unit 17 to receive an “End
Operations” signal. If the ball rolled was not the last ball
in the eleventh frame, the “End Operations” signal
causes an output terminal of NAND gate 1053 to drop
momentarily to binary zero. Since its output terminal 1s
connected to an input terminal of a NAND gate 1055, a
momentary binary one will appear on the terminal 1052
to which the output terminal of NAND gate 1055 1s
connected, causing the binary counter of SR-14

65 through SR-18 to count up by one. Considering that this

binary counter contains the box printer location infor-
mation, this information is thus incremented by one.

Referring again to FIG. 40, a NAND gate 1056 has 1ts
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input terminals connected to a reset output terminal of
multivibrator Sr-14 through a NAND gate, and set
output terminal of multivibrators SR-15, SR-16, and
SR-18 to detect the presence of the binary number
10111 in the binary counter of SR-14 through SR-18.
When this combination of binary bits is present in the
binary counter, the output of NAND gate 1056 1s a
binary zero which it applies to terminal 1054 by having
its output terminal connected thereto. Thus, the pres-
ence of an eleventh frame second ball signal from
NAND gate 1056 inhibits the NAND gate 1053 from
passing count pulses to the binary counter.

A NAND gate 1057 has its input terminals connected
to the output terminal of NAND gate 1056 to receive a
second ball in the eleventh frame signal, to an output
terminal of a NAND gate 1058 to receive an eleventh
frame signal, to terminal 1790 to receive an “End of
Operation” signal and to terminal 1767 to receive an
“Add 2 to Box Print Location” signal. Gate 1058 1s
connected to the binary counter composed of multivi-
brators SR-14 to SR-18 to detect scoring in the eleventh
frame, as shown in FIG. 40. The output of this gate
becomes a binary zero during both balls of the eleventh
frame. The output terminal of the NAND gate 1057 1s
connected through a series of NAND gate to a comple-
ment input terminal of multivibrator SR-1S. Thus,
whenever the “Add 2 to Box Print Location” signal 1s
produced, SR-15 is advanced by one, signifying that the
frame and ball count, which is the same as the location
of the box print location, is advanced by two.

The NAND gate 1056 does not allow the count in the
binary counter, composed of multivibrators SR-14 to
SR-18, to exceed the second ball in the eleventh frame.
As soon as this point is reached, no further count may
be put in by either the *Add 1" or *Add 27 circuitry as
previously described.

If the ball rolled is the first ball in the eleventh frame,
it is desirable to add one instead of two to the box
printer location. Since gate 1057 is inhibited from pass-
ing pulses, other circuitry is provided to add one to the
box print location count in the counter. A NAND gate
1059 has an input terminal connected to the output
terminal of NAND gate 1058 through a NAND gate
1060. The output terminal of NAND gate 1039 1s con-
nected to a terminal 1061. Referring to FIG. 39, the
terminal 1061 is connected to an input terminal of the
NAND gate 1055 so that after the first ball in the elev-
.enth frame is rolled, the NAND gate 1055 will 1ssue a
pulse through terminal 1052 to the first multivibrator
SR-14 in the binary counter.

The counter SR-14 through SR-18 is a straight binary
counter used for the storage of the box printer location.
However, in team totaling, the box printer location 1s of
no significance but the score may need more than the
ten binary coded decimal bits avaiable. For this reason,
in team totaling, SR-14 and SR-15 are utilized as the
two highest order bits of the score, and these plus SR-12
and SR-13 are used as a binary counter with a miximum
storage capacity of fifteen. Thus, the arithmetic unit can
report scores during team totaling up to and including
1599,

As previously described, the four ranks of NAND
gate groups require tenth and eleventh frame and ball
information. In other words, many of the NAND gates
require the knowledge of whether a particular ball
rolled is a particular ball in the tenth or eleventh frame
or is the complement of such a signal. A series of
NAND gate circuits generally indicated by the circuits
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enclosed 1n dished lines 1062, 1063, 1064, and 10685 sup-
ply the frame and ball information required by the tour
ranks of NAND gate groups on terminals 10661072, as
indicated in FIG. 40. These terminals are shown in FIG.
38 connected to input terminals of various NAND
gates. As shown in FIG. 40, each group of NAND gates
has its input connected to various terminals of the bi-
nary counter SR-14 to SR-18 so that they can detect
when the counter contains proper box print location
information for a ball of the tenth or eleventh frame.

The circuitry for team totaling is contained in the
arithmetic unit 10. An intermediate storage register
composed of the bistable multivibrators 1001-1004,
additional six bistable multivibrators 1005-1010, and a
three bit register 1083-10835 are provided in order that
when the detection of the stop state of any bowler 1s
obtained, the player’s score and identification may be
transferred out of the operating register and stored. If
the player is the first one on his team to finish, the mark
total word for his team is called into the operating regis-
ter and the score portion is reset. If he should not be the
first player, the word is called into the operating regis-
ter but is not reset. The player’s score which has been
transferred to the intermediate register may now be
added to the score in the operating register, as will be
presently described. Next, the identification of the mark
total word is then replaced by the identification stored
in the intermediate register. The score in the operating
register which is now the team total score which accu-
mulates all of the player’s score down to the latest
player being totalized may then be printed or displayed
in the eleventh frame space in that player’s line. The
mark total word always contains the identification of
frame eleven: therefore, the team total scores are always
commanded to be placed in the frame eleven column.
After the command for printing or displaying of the
team total for each player’s line has been issued, the last
three digits of the player’s identification in the shift
register are reset to restore the proper identification of
the mark total word. |

The team totaling circuitry summarized above will
now be described in greater detail. A gate 1073 has
input terminals connected to terminal 2010 to receive
“End of Operation” indication, terminals 1704 and 1706
for receiving the first two digits of the state identifica-
tion in the shift register, terminal 1316 for receiving a
“Shift Complete” signal, and the switch 46 for manual
selection between a minus six volt source and circuit
ground for the purpose of indicating league bowling
when connected to ground. These inputs allow the
NAND gate to detect entrance of a player into the stop
gate. When such a detection is made, the output termi-
nal of this gate drops to binary zero. It is connected to
a set input terminal of a delay multivibrator 1078 which
has a five microsecond delay period. During the delay
period, an assertion output terminal becomes binary
one. This terminal is connected to a bistable multivibra-
tor 1076 through a set input terminal. A set output ter-
minal of bistable multivibrator 1076 1s connected to a
terminal 1077 and a terminal 1078 through a power
amplifier so that it normally issues a binary zero on
these terminals indicating the “Not Team Total™ signal.
Terminal 1077 is also connected to terminal 1014
through a pair of NAND gates 1079 and 1080. Another
input to NAND gate 1079 is from terminal of delay
multivibrator 1075. Thus, during the five microsecond
delay period, both inputs to NAND gate 1079 are bi-
nary one and a binary one will appear on terminal 1014.
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Referring to FIG. 39, terminal 1014 is connected
through a pair of NAND gates to the common reset
input terminals of bistable multivibrators 1001-1004, as
previously described, and to the common reset termi-
nals of bistable multivibrators 1005-1010. Since all these
ten bistable multivibrators are inverted, they are set
whenever a binary one is issued at terminal 1014.

At the conclusion of the five microsecond delay per-
iod, multivibrator 1076 is set and its reset output termi-
nal issues a binary zero. This terminal is connected to
the set input terminal of a delay multivibrator 1081. The
presence of the binary zero triggers the five microsec-
ond delay period of delay multivibrator 1081 which
initiates two actions since its assertion output terminal 1s
connected through a NAND gate and a power ampli-
fier to a terminal 1082 and its negation output terminal
is connected to a set input terminal of a bistable multivi-
brator 1083 and an input set terminal of a bistable multi-
vibrator 1084. The assertion terminal of delay multivi-
brator 1081 is connected through a NAND gate to a set
input terminal of a bistable multivibrator 1085. Thus, a
binary zero is placed either directly or indirectly on the
set terminals of all three bistable multivibrators
1083-1085. The level set inputs of each of these multivi-
brators is controlled by the contents of the last three
significant digits of the player identificaton stored in
SR-20 through SR-22. Thus, the last three digits of
nlayer identification are transferred to and stored in
bistable multivibrators 1083-1085, which form an inter-
mediate register, whenever the set input terminals go to
binary zero. Referring now to FIG. 39, the terminal
1082 is connected to an input of a series of ten NAND
gates which have a second input terminal connected to
the reset output terminal of each of the ten multivibra-
tors SR-4 through SR-13, respectively, and have output
terminals connected to either the input set terminal or
the input set node terminal of bistable multivibrators
1001-1004 and 1005-1010, respectively, in order to
transfer the score contained in the operating register
into the intermediate register.

A the end of the five microsecond delay period, the
“Not Team Total” signal, binary zero, is appled to a
timing unit shown in FIG. 43 through the terminal 1078.
Terminal 1078 is connected to a set level control termi-
nal of a bistable multivibrator 2001 through an AND
gate 2002. The AC set input terminal of bistable multivi-
brator 2001 is connected to a multivibrator clock 2003
through a NAND gate 2004 for the purpose of receiv-
ing timing pulses. Therefore, at the trailing edge of the
timing pulse after the level set input terminal of multivi-
brator 2001 has become binary one, the multivibrator
will issue a TMT signal from its set output terminal
which is connected to a terminal 2005. A reset output
terminal of the multivibrator 2001 issues a TMT signal
to the terminal 2006. Referring now to FIG. 29, termi-
nal 2006 places a binary zero on NAND gates 1196,
1197, and 1198 so that the player sequencer 11 issues the
identification code of a team total word to the compara-
tor. In this manner, 2 team total word is called into the
shift register. The timing pulses issued by multivibrator
2003 are also placed on the terminal 2007 via the
NAND gate 2004. Referring now to F1G. 40, as soon as
the proper team total word arrives in the operating
register, the comparator unit 13 issues an “Equal” signal
on its terminal 1370 which is connected to an input
terminal of a NAND gate 1086. Another input 1s con-
nected to terminal 2005 of the timing unit to receive the
TMT signal, and an input terminal 1S connected to a
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reset output terminal of team total multivibrator 1076
through a NAND gate 1087. A bistable multivibrator
1088 has a set level control terminal connected to the
output terminal of the NAND gate 1086 and has an AC
set input terminal connected to terminal 2007 of the
timing unit in order that the multivibrator may be set by
timing pulses only when it is not inhibited by a binary
one from NAND gate 1086. This binary one is removed
by the reception of a “TMT" signal, an “Equal” signal,
and a “Team Total” signal. Bistable multivibrator 1088
is therefore set by the first timing pulse received after
the inhibiting binary one is removed from set level con-
trol terminal of multivibrator 1088. A set output termi-
nal of multivibrator 1088 is connected to the AC set
input terminal of multivibrator 1089 and 1090 through a
NAND gate 1091 and a NAND gate 1092, respectively.
Since multivibrator 1090 is to be activated only when
the team total word is for Team A and multivibrator
1089 is utilized only when the team total word is the
operating register for Team B, the terminal 1310 of the
comparator is connected to an input terminal of NAND
gate 1091 and terminal 1317, which is separated from
terminal 1310 by the NAND gate 1313 in the compara-
tor, is connected to an input terminal of the NAND gate
1092. Therefore, only one or the other of the multivi-
brators 1089 and 1090 can be set by a signal from muiti-
vibrator 1088 at any given time. Qutput terminals of
both NAND gates 1091 and 1092 are connected
through an AND gate to a trigger input terminal of a
delay multivibrator 1093. A negation output terminal of
delay multivibrator 1093 is connected through a
NAND gate 1094 and a power amplifier 1095 to DC
reset input terminal of the multivibrators SR-4 through
SR-18 to accomplish resetting of the frame code and
score portions of the operating shift register. Thus, the
frame and ball identification and score portions of the
operating register are reset prior to taking on the job of
team totaling. It will be remembered that at such a time
the team total word is in the operating register. Since
resetting of SR-4 through SR-18 takes place only before
the first team total cycle for each team, it is not repeated
during the subsequent team totaling operations. Thus,
any marks in the mark total word for either team are
reset to zero prior to beginning team totaling for that
team. It should be pointed out that delay multtvibrator
1093 is connected to the DC set input terminal 512 of
delay multivibrator SR-15 so that a binary one appears
in this multivibrator upon resetting of SR-14 and SR-16
to SR-18. In open bowling, it is desirable to leave SR-13
with a binary one. However, for league bowling where
team totaling is desired, it is necessary to utilize SR-13
for counting and, therefore, it must be reset. Therefore,
a delay multivibrator 1096, having a 200 microsecond
delay period with a trigger input terminal connected to
NAND gates 1091 and 1092 and a negation output ter-
minal connected to DC reset terminal of SR-1S5, will
reset SR-15 after a delay period of 200 microseconds,

A reset output terminal of bistable multivibrator 1088
is connected to terminal 1363 of the comparator 13 1n
order to place a binary zero on an input terminal of
NAND gate 1360 so that an ‘‘Equal” signal will remain
on terminal 1370. This operation permits the player
identification temporarily stored in the intermediate
register consisting of bistable multivibrators 1083-1085
to be tranferred to the shift register for a printing or
display operation without causing shifting.

At this point, all resetting necessary has been accom-
plished. The score is stored in the intermediate register
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sO that this score may now be added to the team total
word. An input terminal of NAND gate 1050 1s also
connected to the reset output terminal of bistable multi-
vibrator 1088 so that gate 1050 will continue to i1ssue a
binary one {rom its output terminal to an input terminal
of NAND gate 1025. Thus, referring now to FIG. 39,
the NAND gate 1023 and a NAND gate circuit gener-
ally indicated within a dashed line 1097 will detect the
presence of binary zeros in the intermediate register and
make the “Not Add Complete” signal tssued at terminal
1024 a binary one. With the other input terminals binary
ones, the count pulses which are received on terminal
2008 which s connected to a input terminal of NAND
gate 1025 are passed to termunal 1026. Thus, with the
time pulses being issued from terminal 1026, the entire
intermediate register consisting of multivibrators
1001-1010 are counted down as the shift register multi-
vibrators SR-4 through SR-15 are counted upward.
SR-14 and SKR-15 are used to accommodate a high team
total. SR-14 1s connected to SR-13 and subsequent mul-
tivibrators through a NAND gate 1098 and the NAND
gate 1055, as shown 1n the drawing.

When the addition is accomplished, the “Not Add
Complete’ signal appearing at terminal 1024 becomes a
binary zero and a delay multivibrator 1099, which has a
trigger input terminal connected to terminal 1024, is
triggered. An assertion output terminal of delay multi-
vibrator 1099 is connected to input terminals of NAND
gates 1045, 1046, and 1047, respectively. The placing of
binary one on the input terminals opens the NAND
gates 10435, 1946, and 1047. Since a reset output terminal
of each of the multivibrators 1083, 1084, and 1085 is
connected through one of the respective NAND gates
to a DC reset terminal of SR-20, SR-21, and SR-22,
respectively, the identification 1n multivibrators
1083-1085 will be transferred to the multivibrators
SR-20 through SR-22 upon the NAND gates 1045-1047
receiving a binary one from delay multivibrator 1099.
At this point, a team total score and the identification of
the player opposite whose name the team total score is
to be printed or displayed are now in the operating
register. A negation terminal of delay multivibrator
1099 1s connected to a terminal 1048 upon which is
issued a ""Print Team Total” signal at the end of the five
microsecond delay pertod of delay multivibrator 1099.
Referring now to FIG. 38, terminal 1948 is connected
through a pair of NAND gates to AC set input terminal
of bistable multivibrator 1751 so that a “Print Score”
signal is 1ssued from terminal 1761 and a “Not Print
Score’ signal is i1ssued from terminal 1762 in the same
manner as they are issued for printing box or frame
scores. At the conclusion of the printing cycle, a “Score
Print Complete” signal is received for five microsec-
onds through a NAND gate to a DC reset input termi-
nal of each of these delay multivibrators SR-20, SR-21,
and SR-22. Thus, these three multivibrators are set to
restore the proper tdentification to the team total word.
It 1s also connected to an AC reset input terminal of
NAND gate 1076 through a pair of NAND pgates in
order to reset the multivibrator. Resetting of multivi-
brator 1076 causes multivibrator 2001, in the timing unit
1lustrated in FIG. 41, to issue a binary zero to terminal
2005, making the “TMT” signal a binary zero.

In order to insure that each word shifted in the shift
register contains its proper twenty-two bits, one of the
sixteen new words is the memory resetting code word
which contains all binary ones for multivibrators SR-1

through SR-19 and binary zeros for SR-20 through
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SR-22. Circuitry for detecting the arrival of this code
word in its proper position in the shift register is con-
tained in the arithmetic unit and consists of a group of
NAND gates generally indicated within a dashed line
1015 in FIG. 40, and by another set of NAND gates
generally indicated by enclosure within a dashed line
1017 in FI1G. 39. The group of NAND gates 1015 have
thetr mputs connected to the multivibrators SR-14
through SR-22 in order to detect binary ones on NAND
gates SR-14 through SR-19 and binary zeros on SR-20
to SR-22 at any given moment. The output of these
NAND gates 1s connected to a terminal 1016. The
NAND gate 1017 has an input terminal connected to
multivibrators SR-1 through SR-13 to sense simulia-
neous binary ones in each of these multivibrators, has an
input connected to terminal 1018 and has an input con-
nected to terminal 1040, whenever the code word of
ITETI1IT11IT11HEE111000 places a binary zero on the
terminal 1041. Referring now to the shift counter 14,
tllustrated in FIG. 32, terminal 1041 is connected as an
input to an AC reset input terminal of bistable multivi-
brator 1025 so that whenever the code word is detected,
multivibrator 1025 is reset, thereby causing the binary
counter, consisting of bistable multivibrators
1414-1418, {0 be reset and thereby begins a new count
of twenty-two with the first shift following the detec-
tion of the code word. In this manner, the counter is
reset each time the code word passes to the shift regis-
ter. Therefore, any error in the counting of the words
can only exist until the code word again arrives in the
shift register or one full cycle of the words to the regis-
ter and memory loop.

The circuitry for crediting to the mark total word of
each team is contained primarily in the arithmetic unit
although portions of it are found in a number of other
untts. Referring first to FIG. 38, the NAND gate 1787
has its inputs connected to the reset output terminals of
the add to mark total multivibrators 1758 and 1759 in
order that the NAND gate will issue a binary one when-
ever the “Add 1 to Mark Total” or “Add 2 to Mark
Total” signal 1s given. The output terminal of NAND
gate 1787 is connected to an mmput terminal of NAND
gate 1788. At the conclusion of the changing of state, a
binary one will be applied to the other input terminal of
NAND gate 1788, causing a binary zero to appear on
the output terminal of this gate which is connected to
terminal 1774. The binary zero on terminal 1774 is the
complement “Mark Total” signal. Referring now to
F1G. 43, terminal 1774 is connected through AND gate
2002 to the set level control terminal of the bistable
multivibrator 2001 so that when a complement “Mark
Total” signal s received, the inhibiting signal will be
removed from multivibrator 2001 and it will be set by
the trailing edge of the next timing pulse received on set
input terminal. As previously described, the setting of
multivibrator 2001 issues the ““TMT" signal at terminal
2005 and 1ts complement at terminal 2006. Referring
momentarily to FIG. 29 once again, the reception of the
complement of the “TMT” signal on terminal 2006
causes the sequencer to call for the mark total word, as
previously described. When this word arrives, an
“Equal” signal will be issued by the comparator 13 to
terminal 1370. Referring again to FIG. 39, the arithme-
tic unit contains circuitry for issuing the proper number
of pulses to be added to the mark total when com-
manded by the state and output control unit 17. This
circuitry consists of two delay multivibrator circuits
which receive an “Equal” signal from the comparator
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to indicate that a mark total word is in the operating
register, the “TMT” signal and timing pulses from the
timing unit and either the “Add 1" or “Add 2 to Mark
Total” signals from the state and output control umt 17.
The first of these two circuits has an AND gate 1042,
whose inputs are connected to terminal 1370 of the
comparator 13, terminal 1772 of the state and output
control unit 17, and terminal 2005 of the timing unit and
its output connected to an input node terminal of the
delay multivibrator 1043 in order that timing pulses will
trigger the multivibrator 1043 when received on a trig-
ger input terminal which is connected 1o terminal 2007,
In like manner, the second circuit has an AND gate
whose input terminals are connected to terminal 1370 of
the comparator 13, to terminal 1771 of the state and
output control unit 17 and to terminal 2005 of the timing
unit and an output terminal connected to an input node
terminal of a delay multivibrator 2052 in order that
timing pulses received on an input terminal, which 1s
connected to terminal 2007, will set the multivibrator
when all inputs to AND gate 2051 are binary ones. The
delay period of delay multivibrator 1043 is ten miCro-
seconds and the delay period of delay multivibrator
2052 exceeds 400 microseconds. During the ten micro-
second delay period of delay multivibrator 1043, a sin-
gle pulse is transmitted to a terminal 1044 which 1s
connected to a negation output terminal of delay multi-
vibrator 1043. This pulse is a binary zero. Since the
delay period is limited to ten microseconds, only one
binary zero is issued at the terminal 1044. Delay multivi-
brator 2052, having a delay period great enough to span
at least two of the timing pulses which are separated by
700 microseconds, is able to maintain a binary one on an
input terminal of a NAND gate 2053 which 1s con-
nected to an assertion output terminal of multivibrator
2052. The other input terminal of NAND gate 2053 1s
connected to terminal 2008 of the timing unit to recetve
the inversion of the timing pulse. An output terminal of
NAND gate 2053 is connected to a terminal 2054.
Therefore, terminal 2054 will receive two timing pulses
each time delay multivibrator 2052 is triggered. One
terminal 1044 is provided for issuing one pulse when an
“Add 1 to Mark Total” command has been issued and
terminal 2054 is provided for issuing two pulses when
the “Add 2 to Mark Total” command has been given by
the state and output control unit 17. The assertion termi-
nals of both delay multivibrators 1043 and 2052 are
connected to terminals 2050 and 2055, respectively, tor
the purpose of resetting command multivibrators 1739
and 1758 of the state and output control unit 17, respec-
tively.

Referring now to FIG. 41, a series of four bistable
multivibrators 3001, 3002, 3003, and 3004 are connected
to act as a binary counter. This counter acts as an inter-
mediate register for counting up mark total pulses
which cannot be added immediately into the shift regis-
ter because the mark total word which may have been
called into the shift register is still accumulating the
count for the previous frame. This situation can happen
where a team bowling on one lane is particularly faster
than the team bowling on the other lane, so that for a
period of time the slower team is bowling simulta-
neously on two lanes. When this occurs, members of the
one team may be accumulating mark totals for two
different frames. Since the mark total word must total
the marks only for a given frame until all marks are
made for that frame and then be utilized for display or
printing, it must not count up marks in a subsequent
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frame. The intermediate register therefore fulfills the
need for an intermediate storage place for mark total
counts of a subsequent frame to the latest frame for
which mark totaling is still being computed.

The terminals 1044 and 2054 are connected to the
two input terminals of a NAND gate 3005 so that if
binary zero mark total pulses are received on either of
these terminals, they will be transmitted as a binary one
at the output terminal of the NAND gate 3005. The
output terminal of NAND gate 3005 1s connected to a
complement input terminal of the first stage of the bi-
nary counter which is bistable multivibrator 3001 to
receive count pulses through a pair of NAND gates
3006 and 3007. In addition, the output terminal of
NAND gate 3005 is connected to a terminal 3013
through a NAND gate 3008. The NAND gates 3006
and 3008 are provided between the NAND gate 3005
and the binary counter or the terminal 3015 to either
allow the count pulses issued from NAND gate 3005 to
cause the binary counter composed of bistable multivi-
brators 3001-3004 or the score portion of the shift regis-
ter composed of bistable multivibrators SR-4 through
SR-13 to count upward. Referring to FIG. 39, the ter-
minal 3015 is connected to an input terminal of NAND
gate 1051 so that the count pulses may be applied to the
complement input terminal of SR-4. The counting up by
the binary counter composed of SR-4 through SR-13
proceeds in the same manner as it does when counting
pinfall score pulses are received on terminal 1026.

The circuitry for determining whether count pulses
should be issued by NAND gate 3005, to the binary
counter 3001-3004 or to the operating register through
terminal 3015, will now be described. Referring now to
multivibrator SR-15, illustrated in FIG. 40, Table VI1I
indicates that this multivibrator will be set whenever
the frame identification contained in the frame and ball
indication portion of the operating register i an even
numbered frame and will be reset whenever the frame
‘dentification contained in the operating register 1s an
odd numbered frame. As indicated in FIG. 40, the set
and reset output terminals are connected to terminals
2057 and 2056, respectively. Referring again to FIG. 42,
these terminals are connected to a reset level control
terminal and to a set level control terminal of a bistable
multivibrator 3009, respectively, and to an mnput termi-
nal of a NAND gate 3010 and to an input terminal of a
NAND gate 3011, respectively. Thus, both the bistable
multivibrator 3009 and the NAND gates 3010 and 3011
may be simultaneously aware of whether a frame identi-
fication of either an odd or even frame is momentarily
contained in the shift register. However, the only time
that the bistable multivibrator 3009 will assume a state
corresponding to that of SR-15 will be whenever 1t
receives a “Pinfall Ready” signal on both its AC set
terminal and on an AC reset input terminal which are
both connected to terminal 1197 of the pinfall sequencer
11. Since the “Pinfall Ready” signal is only issued as
previously described, when a player’s words in the
operating register, the multivibrator 3009 can only be
set to correspond to whether a player’s frame is an even
or odd frame. When a team mark total word is called
into the register, there will be no “Pinfall Ready" signal
and, therefore, the bistable multivibrator 3009 will re-
main in the state that it established when the last play-
ar’s word was called into the shift register. In this man-
ner, the two inputs to NAND gate 3010 and to NAND
gate 3011, respectively, will be different provided both
frames are the same, either odd or even. NAND gate
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3010 will have one input terminal at binary zero and the
other terminal at binary one and NAND gate 3011 will
have one input terminal at binary one and the other at
binary zero. This causes an issuance of two binary ones
at their output terminals which are connected to input 5
terminals of a NAND gate 3012. Thus, if the two frames
are both even or both odd, NAND gate 3012 will issue
a binary zero at its output terminal which is connected
to an input terminal of NAND gate 3006 directly and to
an Input terminal of NAND gate 3008 through a 10
NAND gate 3014. The NAND gate 3014 inverts the
binary zero to a binary one, thus applying a binary one
to NAND gate 3008 while the binary zero is applied to
NAND gate 3006. Therefore, NAND gate 3008 allows
the passage of the mark total pulses to terminals 3015 15
while the NAND gate 3006 prevents the passage of
mark total pulses to the intermediate register which is
the binary counter 3001-3004. If the compared frames
were not equal, then the inputs to NAND gate 3010 and
3011 would be the same causing these NAND gates to 20
1ssue binary zero to NAND gate 3012 which, in turn,
would 1ssue a binary one to NAND gate 3006 which
would allow the passage of the mark total pulses to the
binary counter 3001-3004. At the same time, NAND
gate 3014 would invert the binary one to a binary zero 25
before applying it to NAND gate 3008 to thereby pre-
vent the passage of mark total pulses to terminal 3015.
Whenever the mark total pulses have been passed
directly to the shift register so that they are incorpo-
rated directly into a team mark total word, no further 30
action s required in the mark totaling process. How-
ever, 1f 1t has been necessary to store mark total pulses
in the binary counter 3001-3004, these must eventually
be transferred at a proper time to the operating register
so that they can then be included in the mark total count 35
In a team’s mark total word. This is done immediately
after the mark total for the previous frame has been
utilized for a printing or display cycle. Referring briefly
to FIG. 29, the terminal 3016 is connected to the said
output terminal of the bistable multivibrator 1186 to 40
receive the *“*Print Mark Total” signal. Referring to
F1G. 42, this terminal is connected to a node input
terminal of a delay multivibrator 3017 and to an input
terminal of each of three NAND gates 3018, 3019 and
3020. This terminal is normally a binary zero which 45
prohibits triggering of delay multivibrator 3017. When
a “Print Mark Total” signal is applied to the trigger
terminal of delay multivibrator 3017, no triggering re-
sults since the negative going signal has been applied
(from zero volts to minus six volts). The presence of a 50
binary one, however, serves to activate the multivibra-
tor for later triggering. As soon as the printing or dis-
playing commanded by the “Print Mark Total” signal is
complete, a “Score Print Complete” signal will be re-
ceived on a terminal 3021 which is connected to a trig- 55
ger input terminal of the delay multivibrator 3017. At
the trailing edge of this signal, the delay multivibrator is
triggered. The delay period of 2,500 microseconds is
sufficiently long to allow for the addition of the largest
possible storage of the counter to be added into the 60
mark total word. During the delay period an assertion
output termtnal which is connected to an input terminal
of a NAND gate 3022 is at binary one. If marks have
been stored in the counter 3001-3004, a NAND gate
3023 which has its inputs connected to each of the mul- 65
tivibrators 3001-3004 will detect the presence of a mark
count in this intermediate register. If a NAND gate
3023 detects zero in all four multivibrators, it issues a
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binary zero, and if it detects a count in any one of the
multivibrators, it issues a binary one. The output of
NAND gate 3023 is connected to an input terminal of
NAND gate 3022. Thus, the NAND gate 3022 can pass
timing pulses from the terminal 2007 which is con-
nected to one of its input terminals. The output terminal
of gate 3022, which is connected to both an input termi-
nal of the NAND gate 3007 and to a terminal 3024, then
receives pulses. Referring briefly to FIG. 39, terminal
3024 1s connected to an input terminal of NAND gate
1055 so that it will cause the binary counter of SR-4 to
SR-13 to count upwardly when the NAND gate 3022
passes time pulses to terminal 3024. The NAND gates
3018, 3019, and 3020 are referred to as the “subtract”
gates, for they are connected to the binary counter
3001-3004 to create down-counting when a binary one
I1s applied by the “Print Mark Total” signal on terminal
3016. Since these gates are open, they will cause the
binary counter to count downward as the operating
register counts upward from pulses passed by NAND
gate 3022. When the binary counter is emptied, its count
has been transferred to the operating register and no
further down-counting of the binary counter will occur,
or up-counting of the operating register will occur be-
cause NAND gate 3023 detects zeros in all of the bista-
ble multivibrators 3001-3004 and provides a binary zero
to NAND gate 3022 to thereby stop the passage of time
impulses.

At the close of the delay period of 2,500 microsec-
onds of delay multivibrator 3017, it applies a binary zero
which is a positive going pulse to an output terminal
J025. Referring briefly again to FIG. 29, a terminal 3025
Is connected to a reset input terminal 1188 of the bista-
ble multivibrator 1186 so that it is reset by the appear-
ance of the binary zero at the end of the 2,500 microsec-
ond delay. Resetting of multivibrator 1186 ends the
mark total printing and extinguishes the issuance of the
“Print Mark Total”” signal on terminal 3016.

A set of three NAND gates 3026, 3027, and 3028 are
connected to the four multivibrators 3001-3004 of the
intermediate register as shown in FIG. 42 with an input
terminal connected to the output terminal of the
NAND gate 3005 in order that they will operate as
“add” gates for the binary counter when it is to perform
addition by receiving mark total pulses from NAND
gate 3005 to count upwardly.

An examination of Table II will indicate that the code
identification for a second ball always includes a binary
one in both the first and second bit positions which
correspond to the contents of SR-1 and SR-2. All the
first ball scoring status and the stop state contain one or
two zeroes 1n the first and second bit positions. There-
tore, terminal 1776 of the state and output control unit
17 which issues the complement of the character stored
in SR-1 plus the complement of the character stored in
SR-2 1s connected to a NAND gate 3101, in FIG. 42.
which inverts this signal to issue a binary one on its
output terminal whenever a second ball is rolled. The
output terminal of NAND gate 3101 is connected to an
input terminal of NAND gate 3102 and an input termi-
nal of NAND gate 3103. These NAND gates receive
binary one whenever a second ball is rolled. Assuming
that pinfall scoring is taking place on lane 1, a binary
zero will be issued by terminal 1235 of the pinfall se-
quencer. This signal is the “Not Scoring on Lane 17
signal and is inverted to a binary one by a NAND gate:
3104 before it is applied to both the set and reset input
terminals of a bistable multivibrator 3105. The less than
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ten pinfall issuing from terminal 1038 of arithmetic unit
10 is connected to input terminals of an AND gate 3106,
the NAND gate 3102, and NAND gate 3103, and an
- AND gate 3107. Reception of a binary zero, indicating
play on lane 1 at terminal 1235 causes a binary one to be
placed upon the set and reset input terminals of multivi-
brator 3105. If less than ten pins were knocked down by
this first ball, a binary one is applied to an input terminal
of AND gate 3107, to an input terminal of NAND gate
3102, to an input terminal of AND gate 3106 and to an
input terminal of AND gate 3102. Another input termi-
nal of gate 3102 and another input terminal of gate 3106
are connected to the set output terminal of the bistable
multivibrator 3105 in order that a binary one will ap-
pear on these terminals at this time. Since the output of
AND gate 3106 is a binary one, it applies a binary one
onto the set level control terminal of NAND gate 3103
to which it is attached. This inhibits the set mput of
multivibrator 3105. Since the new state must be either 3
or 5, because less than ten pins are down, NAND gate
3101 will issue a binary one making all inputs to gate
3102 binary one. This places a binary zero on a reset
level control terminal of the lower multivibrator 3105
leaving the reset terminal in an inhibited state. At the
conclusion of calculations, the **Not Scoring on Lane 1
(S) signal becomes a binary one and a binary zero is
placed on the multivibrator in such a manner as to cause
it to transfer to its uninhibited state and to thus reset.
Since the reset state serves to indicate a second ball
condition, the next ball rolled on lane 1 will be treated
as a second ball.

If on the rolling of the first ball, all ten pins have been
knocked down, the “Ten Pinfall” signal arriving on
terminal 1038 would be a binary zero resulting in the
inhibiting of multivibrator 3105 by reset level control
terminal. With the removal of the binary one from the
AND gate 31086, a binary zero is applied to the set level
control terminal of the multivibrator 3105 so that the
multivibrator will remain in a set or ball 1 condition.

When a second ball has been rolled, a binary one
produced by NAND gate 3101 disappears and again the
reset level control terminal inhibits the reset input ter-
minal while the set input terminal is inhibited by the fact
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that a binary zero appears on an input termnal of 45

NAND gate 3106. The operating of AND gate 3107,
inverting NAND gate 3108, the NAND gate 3103 and
a bistable multivibrator 3109 for lane 2 corresponds to
the connections and operations of NAND gate 3106,
NAND gate 3104, NAND gate 3102, and multivibrator
3105, respectively, for lane 1. Thus, the first and second
ball circuit, shown in FIG. 42, is capable of issuing first
and second ball signals for either lane 1 or 2 by receiv-
ing the “Not Scoring on Lane 1” or *Not Scoring on
L.ane 2" signals, the “Less Than Ten Pinfall” signal, and
the second ball indication signal from the state identifi-
cation portion of the shift register. The first and second
ball signals are issued on terminals 3116, 3120, 3130, and
3140 which are connected to the set and reset output
terminals of NAND gate 3105 and to the set and reset
terminals of NAND gate 3109, respectively.

Timing unit
Referring now to FIG. 43, which illustrates the tim-
ing unit 20a shown in FIG. 4, the operation of the multi-
vibrator clock 2003 in producing timing pulses in the

operation of bistable multivibrator 2001 in producing
the *Team and Mark Total” signal and tts complement
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have been described in the discussion of the arithmetic
unit 10.

In addition to the issuance of timing pulses and the
“Team and Mark Total” signals, the timing unit 20
produces a number of “End of Computation” signals for
use as previously described in the various units of the
scorer. The “End of Computation” signal 1is issued only
when a “Pinfall Ready” signal is received, the comple-
ment of both the “Add 1” and “Add 2” to mark total
signals are received, the complement of the “Team
Total” signal is received, the complement of the "“Print
Mark Total” signal is received and there has been a 215
microsecond elapse of time since the issuance of the
pulse which sets the new state into SR-1, 2, 3 from
terminal 1749. The reception of the reset SR-1, 2, 3
signals is received on terminal 1749 which 1s connected
to a trigger input terminal of a delay multivibrator 2({)9.
During the 215 microsecond delay period, a negation
terminal of the delay multivibrator 2009 places a binary
zero on an input terminal of NAND gate 2011. Thisis a
positive going pulse and will reset a bistable multivibra-
tor 2012 if all the other inputs to the NAND gate 2011
are binary one when the negation terminal of delay
multivibrator returns to binary one. The other terminals
of NAND gate 2011 are connected to terminal 2023 to
receive the complement of the “Add 1 to Mark Total”
signal, to terminal 2024 to receive the complement of
the “Add 2 to Mark Total” signal, to terminal 1078 to
receive the complement of the “Team Total” signal and
to terminal 1103 to receive the complement of the
“Print Mark Total” signal. Therefore, when multivibra-
tor 2021 is reset, an “End of Computation™ signal is
issued from its reset output terminal to terminal 2018
and a complement of the “End of Computation™ signal
is issued from its set output terminal to the terminal 2017
and to a trigger input terminal of delay multivibrator
2013. During the delay period of ten microseconds, the
delay multivibrator 2013 issues another “End of Com-
putation” signal to the terminal 2021 and to a trigger
input terminal of another delay multivibrator 2014 from
the assertion terminal of delay multivibrator 2013. Dur-
ing the ten microsecond delay period of delay multivi-
brator 2014 still another “End of Computation’’ signal 1s
issued at the terminal 2022 through a pair of NAND
gates 2015 and 2016 provided the “Initial Reset” signal
is a binary one. To receive the *“Initial Reset” signal, an
input terminal of NAND gate 20135 is connected to a
terminal 1901. By the utilization of this circuitry, the
“End of Computation” signal is issued in every form
that it is required for the various other units of the
SCOTEr.

The bistable multivibrator 2012 is set by receiving the
complement of the “Pinfall Ready” signal from a termi-
nal 1297 which is connected to a set input terminal of
the multivibrator 2012. The lamp of “MAKE COR-
RECTION" switch 66 is connected to terminal 2020
which, in turn, is connected to a lamp driver 2019 to the
reset output terminal of bistable multivibrator 2012 so
that it is illuminated upon the issuance of the “End of
Computation” signal.

Output unit

The output unit 18 transmits scores and frame infor-
mation for the operation of a recording system which
may be either a general display system or a printing
mechanism for printing bowling score sheets. The out-
put unit 18 transmits frame position and score informa-
tion in binary code whenever it is commanded to do so
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by the state and output control unit 17. Output unit 18
presents score information on a set of twelve output
terminals 1801 through 1812 and presents frame posi-
tion information on a set of four output terminals 1821
through 1824. The most significant digit of a score is
1ssued in binary code n terminals 1801-1804. The deci-
mal numbers that can be issued by the binary code on
these terminals are zero through fourteen. Since the
maximum score that a bowler can bowl is 300, the most
significant digit cannot exceed decimal 3. However, if a
team of five bowlers is bowling, their highest possible
score 1s 1500. However, it 1s quite impossible that the
total count for a team can ever exceed 1499. Therefore,
it is not considered necessary to have the most signifi-
cant digit exceed a binary fourteen. Thus, as shown in
FIG. 44, the terminals 1801-1804 are wired to indicate
a decimal zero to a decimal fourteen. The terminals
1805 through 1808 issue in binary code decimal num-
bers of zero through nine for the purpose of issuing the
second digit of a score. Terminals 1809 through 1812
issue in binary code, decimal numbers from zero or nine
to represent the least significant digit of the scoring in
decimal form. Scores are taken from two sources: box
scores which are the first ball pinfall and the accumula-
tiocn of the first and second ball pinfall in a given frame
are taken from the pinfall sequencer 12 through the
sequencer output terminals 1296, 1297, 1298, and 1299,
Frame total scores are taken from the operating register
by terminals 1825 through 1836. Referring briefly to
FIGS. 39 and 40, these terminals are each connected to
one of the multivibrators SR-4 through SR-1§ so that
the complement of the binary code tor the most signifi-
cant decimal digit appears on terminals 1825 to 1828,
the binary code for the second decimal digit appears on
terminals 1829 through 1832, and the binary code for
the least significant decimal digit appears on terminals
1833 through 1836. The source of the frame information
1s the operating register and specifically SR-15 through
SR-18. As shown in FIG. 40, terminals 2056 through
2059 are connected to the multivibrators SR-15 to
SR-18 to detect the complement of the frame identifica-
tion.

The group of NAND gates between the terminals
1825 through 1836 and output terminals 1801 through
1812, respectively, control the transference of scores
from the operating register to the output terminals. In
like manner, the group of NAND gates between the
terminals 1296 to 1299 and output terminals 1805
through 1812 control the transference of pinfall infor-
mation in the pinfall register of the arithmetic unit to the
output terminals. The groups of NAND gates and bista-
ble multivibrators between the terminals 2056 to 2059
and the output terminals 1821 to 1824 control the trans-
ference of frame information from the operating regis-
ter to the output terminals.

The four terminals 1825 through 1828 are connected
to the four output terminals 1861 through 1804 by a
sertes of coordinating gates 1837-1840. Each of these
NAND gates has a second input terminal which 1s con-
nected to a set output terminal of a multivibrator 1820
through a NAND gate 1819 and a NAND gate 1817. A
DC set input terminal of the multivibrator 1820 is con-
nected to terminal 1762 so that it receives the comple-
ment of the “Print Score” signal from the state and
output control unit 17. When the multivibrator 1820 is
reset by the “Initial Reset” or “*Score Print Complete”
signal (as s usually the case when a box score i1s being
printed), it will produce binary zeros at the input termi-
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nals of the NAND gates 1837 through 1840, so that
binary ones will appear at their output termmals and on
terminals 1801 through 1804. Any recording device
connected to the output unit recognizes four binary
ones on these terminals as indicating a blank. When the
complement of the “Print Score™ signal i1s received
binary multivibrator 1820 is set and binary ones are
issued at the input of NAND gates 1837 through 1840
thus allowing the terminals 1801 through 1804 to dis-
play in binary code the most significant decimal digit
present in the operating register. It will be noted that
since the binary complement of this digit appears on the
terminals 1825 through 1828, the complement will be
reinverted by the NAND gates 1837-1840 to the actual
bmary code for the digit on the ocutput terminals
1801-1804. Thus, these output terminals will either issue
the most significant digit in the operating register or 4
binary 1111, indicating that the digit is blank, in accor-
dance with the complement of the “Print Score™ con-
trol signal, received from the state and output control
unit 17.

The second score decimal digit output terminals
1805-1808 are used to display two different quantities,
the box display of the first ball in any frame and the
second or middle digit of a frame total or team total
score. The input terminals 1829 through 1832 are each
connected to a pair of NAND pates 1841, 1842 1943,
1844; 1845, 1846; and 1847, 1848, respectively. An input
terminal of NAND gates 1841 and 1843 is connected to
the set output terminal of multivibrator 1820 through
the NAND gate 1817 and through the NAND pgate
18319, and an input terminal of NAND gates 1845 and
1847 are connected to a reset output terminal of multivi-
brator 1820 through a NAND gate 1818 in order that
binary one will be placed upon the four NAND gates
1841, 1843, 1845, and 1847, whenever a print score
command 1s issued by the state and output control unit
17. With binary ones on the input terminals of these four
NAND gates, they will pass the complement of the
binary digits on terminals 1829-1832 to an input termi-
nal of NAND gates 1842, 1844, 1846 and 1848, respec-
tively. The other input terminals of these four NAND
gates are connected to output terminals of a group of
five NAND gates 1857-1861 which, in turn, each have
an input terminal connected to NAND gate 1819 to the
set output terminal 425 of multivibrator 1820. Thus,
when a “Print Score” command signal 1s 1ssued by the
state and output control unit 17, a binary zero s placed
on an input of each of these five NAND gates
1857-1861 1n order that binary ones will be issued by
them to all the inputs of NAND gates 1842, 1844, 1846
and 1848 except the respective input terminals of these
NAND gates which receive the complement of the
digital code from the operating register. In this manner,
the binary code for the second decimal digit of the
scoring 1s 1ssued to terminals 1805 to 1808, respectively.

In regard to printing a score of the last significant
digit in the shift register, NAND gates 1849 through
1856 operate in the same manner as described for
NAND gates 1841 to 1848 with the last significant deci-
mal digit appearing in binary code on the output termi-
nals 1809-1812 whenever a print score command is
issued by the state and output control unit 17. It will be
noted that the five NAND gates 1857 through 1861
perform the same function of putting binary one on all
of the input terminals of NAND gates 1850, 1852, 1854,

and 1856, except the terminals connected to the ocutput
terminals of NAND pgates 1849, 1851, 1853, and 1855. In
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the same manner, it performs this function for NAND
gates 1842, 1844, 1846, and 1848.

When box printing is desired, the input terminals of
- NAND gates 1857-1861 will be binary ones because of
the presence of the complement of the “Print Score”
signal at multivibrator 1820. Each of the other input
terminals of the four NAND gates 1858-1861 are con-
nected to a NAND gate for inversion of the signals
received on terminals 1296, 1297, 1298, and 1299, re-
spectively, in order to receive the ball score data con-
tained in the pinfall sequencer 11. Terminals 1296
through 1299 contain the complement of pinfall. With
the common inputs of gates 1858-1861 at binary one,
the complement of a ball score 15 passed to the even
numbered gates from 1842 through 1855, as shown in
FIG. 44, so that the ball information is supphed both to
the NAND gates which issue the second decimal digit
and the first box score, and to the NAND gates which
issue the less significant decimal digit and the second
box score. Since only the first box score is to be printed
it is to be indicated by terminals 1805, 1808, and the
second box score is to be indicated only by terminals
1809-1812, circuitry is provided to prevent a box score
from appearing on the incorrect second set of terminals
when either a first or second box score is being com-
manded. The NAND gates 1857 and 1862 perform
these functions. The NAND gate 1857 receives a sec-
ond ball signal on an input terminal which is connected
to terminal 1864 and a NAND gate 1862 receives a first
ball signal on an input terminal which is connected to
terminal 1863. The output terminal of NAND gate 1857
is connected to an input terminal of NAND gates 1842
and 1844. If a binary one, indicating a second ball is
recetved on terminal 1864, binary ones would be pres-
ent at terminals 1805 and 1806. This represents a deci-

mal twelve or greater decimal digit at the output of

gates 1805 through 1808. The decimal twelve (or
greater) condition is interpreted by a recording unit
connected to these terminals as a blank. Thus by putting
out a decimal twelve or higher, the terminals 1805-1808
issue no box score information when a second ball has
been rolled, but they do issue the first box score when
the first ball 1s rolled. The NAND gate 1862 has an
input terminal connected to terminal 1863 and has its
output terminal connected to input terminals of NAND
gates 1850 and 1852 so that the terminals 1809-1812 will
issue a decimal twelve or higher whenever the first ball
signal i1s being received by the NAND gate 1862.

The circuitry for issuing frame position in binary
code on terminals 1821--1824 will now be described in
detail. Each of a set of four NAND gates 1865-1868 has
its output terminal connected to the output terminals
1821--1824, respectively. An input terminal of three of
these four NAND gates 1865, 1867, and 1868 are con-
nected to terminals 1077 of the arithmetic unit 10 which
issues the complement of the “Team Total” signal.
When the complement of the “Team Total” signal 1s
binary zero, the NAND gates 1865, 1867, and 1868 will
1ssue binary ones to terminals 1821, 1823, and 1824,

respectively, while NAND gate 1866 issues a binary 60

zero to terminal 1822. Thus, at this time, the output of
the frame position terminals 1821-1824 is a binary 1011
which is decimal eleven. Thus, when team totaling 1s to
be recorded by displaying or printing it, the output unit
will direct the printing to occur in frame 11. When team
totaling is not occurring, terminal 1077 is binary one
which allows the three NAND gates to receive binary
code from another set of NAND gates whose output
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terminal is connected to one of each of their inputs. The
second set of NAND gates consists of gates 1869-1872.
An input terminal of each of these latter four NAND
gates are connected to each of four terminals
1873-1876, respectively. As shown in FIG. 40, these
gates are connected to operating register multivibrators
SR-15 to SR-18, respectively, to receive the binary code
of frame identification contained in these multivibra-
tors. A second input terminal of the NAND gates
1869-1872 are all connected to the terminal 2006 of the
timing unit which issues the complement of the ““TMT”
signal through a NAND gate 1877 and to the reset
output terminal of the bistable multivibrator 1820
through the NAND gate 1877 and the NAND gate
1818 so that the NAND gates 1869-1872 will receive a
binary one on their imput terminals allowing the frame
identification encoded on terminals 1873-1876 to be
transferred to terminals 1821-1824, respectively. This
occurs when the complement of the “TMT” signal 15 a
binary one and the multivibrator 1820 is reset by receiv-
ing the previous **Score Print Complete” signal because
multivibrator 1820 places a binary zero at the input to
NAND gate 1877. Thus, under these conditions the box
score frame position for each recording 1s made avail-
able at terminals 1821-1824. When score recording 1s to
be accomplished, bistable multivibrator 1820 will be set
and the NAND gates 1869-1870 will receive binary
zeros which prevent them from transferring the binary
code on terminals 1873-1876 to terminals 1821-1824.

The frame position of the recorder, such as a printer
display system, is not as simple in frame or team total
score recording as it was in box score recording, be-
cause If two consecutive strikes have been rolled, the
next ball causes recording to occur two frames back and
if a single strike or spare had been rolled, the next ball
causes printing one frame back. The circuitry that
makes it possibie to indicate the proper frame scoring
will now be described in detail. Terminals 2056 through
2059 receive the frame score information from the oper-
ating register, as shown in FIG. 40. When the print
score signal is given, the bistable multivibrator 1820 1s
set. An output terminal of this multivibrator 1s con-
nected through the NAND gate 1818 and a NAND
gate 1878 to the trigger input terminals of two delay
multivibrators 1879 and 1880. A negation output termi-
nal of delay multivibrator 1879 is connected to a com-
mon reset input terminal of each of four bistable multi-
vibrators 1881, 1882, 1883, and 1884, which are con-
nected as a binary counter, as shown in FIG. 4. The
delay period of delay multivibrator 1879 1s ten micro-
seconds and during this time the binary counter causes
its output reset terminals which are connected to an
input terminal of four NAND gates 1885-1888, to issue
1111. An assertion output terminal of delay multivibra-
tor 1880 is connected to an input terminal of each of a
set of NAND gates 1889-1892. The first terminal of
these four NAND gates are respectively connected to
the four terminals 2056-2059. The output terminals of
these NAND gates are connected to a DC set input
terminal of each of the four bistable multivibrators
1881-1884, respectively. During the 200 microsecond
delay period of delay multivibrator 1880, the NAND
gates 2056-2059 copy the frame indicated in the operat-
ing register into the binary counter composed of binary
multivibrators 1881-1884. Thus, this counter contains
the present frame number.

Assuming that two strikes have been previously
rolled, printing two frames back will be desired. Refer-
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ring briefly to FIG. 37, it will be noted that for this
situation to exist, the bowler must be in state 4. A
NAND gate 1993 is connected, as shown in FIG. 4, to
detect the state 4 condition in the operating register.
When it so detects such a condition in the shift register,
it is capable, through its output terminal connection to a
gated terminal of bistable multivibrator 1882, of invert-
ing that multivibrator so that two 1s subtracted from the
frame identification contained in the binary counter
1881-1884. This occurs at the close of the 200 microsec-
ond delay period of delay multivibrator 1880.

Subtraction of one frame number are desired on the
first recording following a single strike, on the last ball
in the eleventh frame when it follows two strikes and on
the first recording following a spare. Each of these
three conditions is set by one of three NAND gates
1994 1995, or 1996 which are connected as shown in
FIG. 44, 1o detect these conditions. The output terminal
of each of these NAND gates 1s connected to a comple-
ment input terminal of multivibrator 1881 so that this
multivibrator may be complemented to subtract one
from the frame position identification contained 1n bi-
nary counter 1881-1884.

The complement of the “Print Complete” signal from
terminal 1773 of the state and output control unit 17 is
connected to a trigger terminal of a delay multivibrator
1997 which has a delay period of five microseconds.
During this five microsecond period, a binary one pulse
is issued from an assertion output terminal of delay
multivibrator 1997 to input terminals of a pair of
NAND gates 1998 and 1999. Another input terminal of
NAND gate 1998 is connected through NAND gates
1817 and 1819 to the set output terminal of bistable
multivibrator 1820 so that it may issue the complement
of the *‘Score Print Complete’ signal at its output termi-
nal which is connected to terminal 1814 and 1ssue a
“Score Print Complete’ signal at terminal 1815 which 1s
connected to its output terminal through a NAND gate
which inverts the complement of the *“Score Print
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Complete” signal. A second input terminal of NAND 40

gate 1998 is connected to a reset output terminal of
bistable multivibrator 1820 through NAND gates 1878
and 1818 in order to issue the complement of a “Box
Print Complete” signal on terminal 1816 which 1s con-
nected to its output terminal.

Output indicator unit

The output unit 18 and the operating register provide
signals so that a recording system either in the form of
a display system or a printing system can record in a
bowling score sheet form all of the scores and symbols
presently utilized in the American Bowling Congress
scoring regulations. The output indicator unit 90 does
not utilize such signals for displaying at any one time a
complete tabulation of the game, but merely indicates
the output of computation from the output unit 18 that
is currently being provided so that a full recording
system can produce a full score sheet. Therefore, the
output indicator unit 90 is a small device which can
perform two important functions short of producing
sitnultaneously a full score sheet or short of providing a
permanent record of a score sheet if the printing device
1s connected to the output unit 18. It can be used as a
test unit to insure that the electronic scorer is operating
correctly, and secondly it can provide a visual display
output of computations which a manual scorer may
copy down as it occurs without being required to per-
form the computations of the scoring. As shown In
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FIG. 2, three self-decoding digital display units 92-94
are assembled to provide the display of ball, frame, total
and team total scores. Two more of these units 97 and
98 are utilized to display the vertical position on a score
sheet which is the player’s identification and the hori-
zontal or frame position in which the score is to be
printed. Referring now to FIG. 45, the three display
units 92-94 which display the most significant digits, the
middle digit and the least significant digit of a score
have input terminals connected to the score output
terminals 1801-1812 of the output unit 18 through a
sertes of lamp drivers 9001-9012. The self-decoding
decimal display units may be of any conventional type
presently known in the art such as the "'Bina-view Self-
decoding Digital Read-out” manufactured by Industrial
Electronics Engineers, Inc., wherein various screens
are posttioned between the viewing screen and a lamp
in accordance with the binary code received to display
the decimal figure represented by a four bit binary code.
The frame digital display unit 98 has its input terminals
connected to terminals 1821-1824 ot the output unit 18
through lamp drivers 9016-9019. The vertical position
or player identification display unit 97 1s connected to
terminals 2062, 2064, and 2066 of the arithmetic unit 10
to lamp drivers 9013-9015, respectively. The lamp driv-
ers 9001-9019 may be of any conventional design sut-
able for connecting the output of a signal from the out-
put unit 18 to the input terminals of the various digital
display units 92, 93, 94, 97 and 98. When signals are
received on the termmals 1801-1812, 1821-1824, 2062,
2064, and 2066, the diplay units receive the necessary
imformation to decode the binary code into combina-
tions of the overlaying screens which will display the
proper digital numerals. However, each numeral is not
displayed until either a “Print Score” or a “Print Box
Score” signal is issued in the detection section of the
state and output control unit 17. Referring bnefly to
FIG. 38, terminal 9000 is connected to the reset output
terminals of bistable multivibrator 1751 and bistable
multivibrators 1756 through a pair of NAND gates in
order that the complement of etther a *'Print Score”
command signal or a “Print Box Score” command sig-
nal will appear at terminal 9000. The terminal 9000 1s
connected to a trigger input terminal of delay multivi-
brator 9020 which has its output terminal connected to
a DC input terminal of a solenoid driver 9021 1n order
to provide a wide pulse to the solenoid drive which
actuates a solenoid 9022. When solenoid 9022 is actu-
ated, it closes the circuit, as shown in FIG. 45, causing
each of the digital display units to visuaily display the
decimal numeral represented by the binary code at its
input. The digital display units will retain the decimal
display until a new binary code is received at their
inputs. The new binary code will not be displayed until
the units again receive a code circuit signal actuated by
solenoid 9022,

The display of score in the box or score indicator 93
consists of a pair of lamps, one for the ““score” portion
and one for the “*box” portion of indicator 95. The lamp
for the score is connected to the terminal 1761 of the
state and output control unit 17 through a lamp driver
9023 in order to light the “score” portion of the indica-
tor whenever a *“‘Print Score” command signal is being
issued by the state and output control untt 17. In like
manner, the lamp illuminating the “box” portion of the
indicator 95 is connected to terminal 1768 through a
lamp driver 9024 in order to display the “box™ portion
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of indicator 95 whenever a “Print Box Score” signal is
being i1ssued by the state and output control unit 17.

The special mark indicator 96 is similar to the indica-
tor 95 In that it has two sections each with separate
lamps that display, when illuminated, a “strike” or a
“spare.” These lamps are connected so that the appro-
priate one is illuminated whenever the last ball rolled
was a strike or a spare. A NAND gate 9030 has one of
its input terminals connected to terminal 1039 of the
arithmetic unit 10 to receive the “Ten Pinfall” signal,
and another input terminal connected to terminal 1768
of the state and output control unit 17 to receive a
“Print Box Score” command signal. A mode input ter-
minal of NAND gate 9030 is connected to terminal 1863
in order to receive a first ball signal. Instead of utilizing
a diode cluster or AND gate to expand a number of
input terminals to NAND gate 9030, a diode 9031 is
connected between the terminal 1863 and the node
terminal of NAND gate 9030. Thus, NAND gate 9030
will issue a binary zero at its output terminal whenever
it receives binary ones from terminal 1039, terminal
1768 and terminal 1863 to indicate that a strike has
occurred. The output terminal of NAND gate 9030 is
connected to the strike lamp of the indicator 96 through
a NAND gate 9032 which inverts the binary zero, indi-
cating a strike into a binary one, and a lamp driver 9033
which amplifies the binary one signal. Similarly, a
NAND gate 9040 is connected to terminal 1039 to re-
cetve the pinfall signal and to terminal 1768 to receive
the “Print Box Score” signal. However, the node termi-
nal 1s connected through a rectifier 9041 to the terminal
2088 to receive the second ball signal instead of the first
ball signal. Therefore, NAND gate 9040 detects the
occurrence of a spare by issuing a binary zero at its
output terminal. This terminal is connected to the spare
lamp of the indicator 96 through an inverting NAND
gate 9042 and a lamp driver 9043.

A bistable multivibrator 9050 has an AC set input
terminal and an AC reset input terminal connected to
the terminal 1013 in the detection section of the state
and output control unit 17 to receive a “Pinfall Ready”
initiating signal. A set level control input terminal of
bistable multivibrator 1050 is connected to terminal
2060 and a reset level control input terminal is con-
nected to terminal 2051 of the arithmetic unit in order to
set the multivibrator 1050 when the team identification
multivibrator SR-19 of the operating register is set and
the next “Pinfall Ready” signal is issued or to reset
multivibrator 1050 when multivibrator SR-19 is reset
and the subsequent “Pinfall Ready” signal is issued. An
output set terminal of multivibrator 9050 is connected
for actuation to the Team A lamp of indicator 99
through a lamp driver 9051 and a reset output terminal
of multivibrator 9050 is connected to a Team B illumi-
nating lamp of indicator 19 through a lamp driver 9052.
Thus, indicator 99 indicates a Team A score when a
Team A player’s identification is in the operating regis-
ter upon the receipt of the issuance of the next “Pinfall
Ready” signal from the state and output control unit 17
or a Team B score whenever a Team B member’s identi-
fication is in the operating register and the subsequent
“Pinfall Ready™ signal is issued by the state and output
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control unit 17. Thus, the display unit 90 displays all of g5

the information in sequence issued by the electronic
computer during the procedure of either an open or
league bowling game.

70

Power circuits

Referring specifically to FIG. 46, a power supply
1902 1s connected to a source of 110 volt alternating
current by a connector 1948 through the main power
switch 31 and produces DC voltages of minus eighteen
volts, minus six volts, and plus twelve volts relative to a
circuit ground on terminals 1903-1905, respectively.
The terminals 1903, 1904, and 1905 are connected to a
minus eighteen volt bus bar 1906, a minus six volt bus
bar 1907, and a plus twelve volt bus bar 1908 through a
set of diodes 1909, 1910, and 1911, respectively. The
figures illustrating the logic circuits have appropriate
leads connected to these bus bars as indicated in each
logic circuit drawing. The ground terminal 1906 is con-
nected directly to a ground bus bar 1912. A battery
supply 1915 supplies almost the same DC voltages as in
power supply 1902 and are connected to the respective
bus bars 1906-1908 and 1912. The function of the diodes
1909-1911 is to allow the battery supply 1915 to charge
as long as current is being received from the power
supply 1902 and if the power supply should fail, the
battery supply wound continue providing the correct
voltages to the four bus bars. In order to prevent the
battery supply 1915 from discharging while the power
supply is in operation, the voltages supplied by the
power supply 1902 are a few tenths of a volt greater
than those supplied by the battery supply 1915.

The power supply 1902 may be of any conventional
design well known to those skilled in the art. In like
manner, a memory power supply 1916 supplies plus one
hundred fifty-five volts DC to a terminal 1917 and
minus sixty volts DC to a terminal 1918 which are both
connected to the memory 18 to supply it with the neces-
sary operating voltages. The memory supply 1916 is
also of conventional design well known to those skilled
in the art and is connected to diode 1909 through a
resistance dropping diode 1919 for energization.

One of the important functions of the power failure
circuit is to provide an “Initial Reset” signal to establish
an 1nitial condition within the various units of the
scorer. In league bowling when teams are between
games, the power circuits do not issue an “Initial Reset”
signal because it is desired to have the scorer sequence
lanes; however, after the end of a set of games when it
1s desired to have Team A on lane 1 and Team B on lane
2, the scorer is turned off and then turned on again so
that an “Initial Reset” signal is issued. As shown in FIG.
46, the power supply 1902 and the battery supply 1915
are separated from the bus bars by a master relay gener-
ally indicated at 1920. When the momentary-contact
frontpanel power switch 45 is depressed, the contacts of
the master relay 1920 are closed so that power is deliv-
ered to the bus bars. A bistable multivibrator 1921 has
reset input terminals connected to the minus eighteen
volt bus bar 1906 through a wave shaper 1923 so that it
15 energized in a reset state. Since a reset output terminal
of multivibrator 1921 is connected to a solenoid driver
1924, energization of the multivibrator 1921 in the reset
state places a binary one on solenoid driver 1924 pre-
venting the closure of a relay 1925 thus keeping power
away from memory supply 1916. The reset output ter-
minal of multivibrator 1921 is also connected to a trig-
ger mput terminal of a delay multivibrator 1926 which
has a negation terminal connected to a NAND gate
1927 to a pair of power amplifiers 1928 and 1929. Five
seconds after power is switched “ON,” multivibrator
1921 is set by action of the thermal relay 1940. This
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causes triggering of delay multivibrator 1926, the out-
put of which is amplified by power amplifiers 1928 and
1929. These two power amplifiers issue the “Initial
Reset” signal to a series of output terminals
19012-1901d. Therefore, the *‘Initial Reset’ signal is
supplied to the set of terminals 1901 for a period of 200
microseconds, which is the delay period of delay multi-
vibrator 1926. At the time multivibrator 1921 1s set,
solenoid driver 1924 is given a binary zero signal. Since
the circuit comprising solenoid driver 1924 and relay
1925 is partially electrical-mechanical, several millisec-
onds are required before power is supplied to the mem-
ory supply 1916. The “Initial Reset” signal is issued
before power is applied to the memory 15. Starting
operations in this order insures that the memory 15 is
not energized during a shifting cycle, thereby destroy-
ing all or part of its contents.

Referring again to the operation of the battery supply
1915, wherein a failure of the power supply 1902 has
occurred, the battery supply 1915 will be supplying the
necessary voltages to complete a computation and re-
turn the “zero” word into the operating register so that
the other fifteen words are contained in the memory
and will not be destroyed when power is removed from
the scorer. The NAND gate 1922 performs the function
of determining the following set of facts:

(1) That the 110 volt alternating current source has
failed (failure of the alternating current source allows
relay 1941 to open, removing the grounded input to
NAND gate 1922);

(2) That an “End of Computation” signal has ap-
peared on terminal 22; and

(3) That an “Equal” signal appears on terminal 1370
and that the player identification of the words in the
operating register is that of the “zero” word. When
these conditions provide a binary one on each of the
seven input terminals to NAND gate 1922, the gate will
issue a binary zero, indicating that power failure of the
alternating current source has occurred and that subse-
quent to the power failure, any computation in progress
has been completed, and all words, except the zero
word, have been shifted back in the memory 15 so that
they will retain their information in the magnetically set
cores until alternating current power can be restored.
The output terminal of NAND gate 1922 is connected
to a set input terminal of the bistable multivibrator 1930,
to a trigger input terminal of the delay multivibrator
1931 and to the reset input terminal of bistable multivi-
brator 1921. By this action, multivibrator 1930 1s set and
provides a binary one to an input terminal of the sole-
noid driver 1932 and multivibrator 1921 is reset, de-
energizing the memory supply 1916. Since a negation
output terminal of delay multivibrator 1931 1s con-
nected to another input terminal of solenocid driver
1932, the solenoid driver will be de-energized at the end
of the 1.2 second delay period of delay multivibrator
1931, and the relay 1933 controlled by the solenoid
driver will cause the contacts to open to de-energize
master relay 1920. De-energization of master relay 1920
then opens its contacts. In this manner, the memory
supply 1916 is shut down to prevent further shifting and
loss of information before any of the other circuits of
the scorer are turned off.

If the power switch 45 is manually depressed to its
“OFF” position, the inputs to delay multivibrator 1931
and to multivibrator 1930 are grounded, resulting in
de-energization at the end of the 1.2 second delay per-
iod of all circuits in the same sequence as if NAND gate
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712
1922 had detected a power failure and the “End of
Computation” and return of the *zero” word into the
operating register.
A set of AC outlets 1943-19435 are also connected to
connector 1948 through main power switch 31 so that
they are energized only when switch 31 is closed.

SCORER OPERATION

The operation of the scorer shown in FIG. 4 will now
be described for all possible bowling scoring situations.
Although the pinfall sequencer 12 may be connected to
many means for supplying pinfall information and the
output unit 18 may be connected to many means for
indicating bowling scores, as aforementioned, the pres-
ent description will be primarily confined to the opera-
tion of the scorer shown in FIG. 4 with the lane simula-
tor 70 connected to the pinfall sequencer 12 and the
output indicator 90 connected to the output unit 18. As
previously described, there are seven states in which a
player's score may exist. Each one of these states will be
considered separately along with all possible scoring
situations which may result from the existence of each
state.

Placing the scorer in stand-by condition

When the scorer is placed in a stand-by condition, the
power supply 1902, shown in FIG. 46, is energized and
the battery supply 1915 is charged from the power
supply 1902, if the battery supply is connected. If the
memory supply 1916 and the terminals which supply all
the computing circuits remain de-energized in the
standby condition, the computer is placed in stand-by
condition by the following procedure:

(1) Referring to FIG. 1, the plus twelve volt, minus
six volt, and minus eighteen volt power supply breakers
32-34, which are contained in the power supply 1902,
are turned on allowing the respective voltages to appear
on terminals 1903, 1904 and 1905 when the main power
switch 31 is turned on.

(2) Again, referring to FIG. 1 and to FIG. 46, the
memory power switch 40, which is internal to power
supply 1916, is then turned on.

(3) The main power switch 31 is turned on energizing
power supply 1902 and the AC detection relay 1941
which thereby connects an input terminal of NAND
gate 1922 to ground. Cooling fans and other accessory
equipment, which are connected to a set of AC outlets
1943-1945, are also energized by the closure of the main
switch 31.

(4) If the batteries are to be charged, the battery sup-
ply 1015 must be connected to the terminals 1903, 1904
and 1905, as aforementioned, and an emergency battery
power supply switch 1946 in the battery supply 1915
must be closed.

With the manual closure of these switches, the scorer
is ready to commence operation at any time.

Placing the scorer in operating status

The manually operated switch to put the scorer into
stand-by condition is located on the power supply panel
22 while all the switches necessary to place the com-
puter in an operating status or to produce special opera-
tions such as skipping a bowler, out-of-turn bowling, or
indicator correction may be manually initiated by con-
trols which are found on the control panel 28. Referring
now to FIG. 2, the “LEAGUE-OPEN BOWL"” switch
46 must be positioned in either the league or the open
position. When the switch 46 is thrown to the league



Re. 30,467

73

position, appropriate circuits in the scorer are energized
<o that the scorer will perform four operations which
are required only when there is league bowling occur-
" ring on a pair of lanes wherein a pair of teams ultimately
howls each frame of a game on the opposing lanes and
ultimately begins bowling each subsequent game of a set
of games on opposing lanes. When the switch 46 is
thrown to the open bowling position, the appropriate
circuitry of the scorer is disabled so that these four
functions which are peculiar to league bowling are not
performed during the use of the lanes for open bowling.
The four operations peculiar to league bowling are the
issuance of the “Print Mark Total” signal at the appro-
priate time by the player sequencer 11, the complement-
ing of the multivibrators 1117 and 1121, which indicate
that a team has switched lanes, the adding of marks to
the mark totals contained in the team words, and the
totaling of team scores in the team words at the conclu-
sion of each team player’s game.

Referring specifically to FI1G. 29. when the switch 46
is switched to its “open” position, it places a binary z€ro
on the NAND gates 1184 and 1104 to prevent them
from passing the signals which normally set the multivi-
brator 1186 to thereby issue the “Print Mark Tota ”
signal at terminal 3016. When the switch 46 is switched
to the league position, a binary one is placed on one
input of NAND gate 1184 and on one input of NAND
gate 1104 so that these gates do allow the passage of the
signals to multivibrator 1184 which set that multivibra-
tor and thereby issue the “Print Mark Total” signals on
terminal 3016. As previously described, the set output
terminal of 1186 is connected to the complement input
terminals of multivibrators 1117 and 1121 so that these
multivibrators can be complemented only when the
multivibrator 1186 is reset and the “Print Mark Total”
signal is removed from the set output terminal and the
terminal 3016. Since the “Print Mark Total” signal is
issued only at the conclusion of the bowling of a frame
by all members of a team, the multivibrators 1117 and
1121, which indicate the team bowling on either lane |
or lane 2, cannot be changed to indicate the other team
unless the “Print Mark Total” signal is issued and then
removed by multivibrator 1186. Thus, since this occurs
only when switch 46 is in its “League” position, the
teams’s switching of lanes, indicated by the multivibra-
tors 1117 and 1121, occurs when switch 46 i in 1ItS
“League” position and does not occur when it is in 1ts
“open’’ position.

Referring specifically to FIG. 38, placing the switch
46 in its “League” position places a binary one on
NAND gate 1785 which allows the multivibrators 1758
and 1759 to be complemented when they receive the
appropriate signals commanding them to issue either
“add 1 to Mark Total” or “Add 2 to Mark Total”
signals. Placing of switch 46 in the open position
grounds an input of NAND gate 1758 to thereby pre-
vent multivibrators 1758 and 1759 from being comple-
mented, thereby issuing any command signals.

Referring now to FIG. 40, placing switch 46 in its
league position places a binary one on NAND gate 1073
which allows the delay multivibrator 1075 to be trig-
gered when the appropriate binary ones are received on
terminals 2010, 1704, 1706, and 1316. Since the delay
multivibrator 1075 initiates the team totaling procedure,
as previously described, 1t must receive a trigger signal
from the NAND gate 1073. This can occur only when
a binary one is being received from the setting of switch
46 in its “league” position. Thus, throwing the switch to
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its open postition, continuously places a binary zero on
an input to the NAND gate 1073 and the delay multivi-
brator 1075 will not receive a trigger signal from the
NAND gate 1073 even though all other inputs to the
NAND gate may be binary one.

A second set of controls must be set on beginning a
new game or set of games with the setting of the team
size selector switches 52 and 55. If league play has been
selected on switch 46, the size of Team A is selected on
switch 52, and the size of Team B is selected on switch
85 so that, as previously described, the multivibrators
1114-1117 and 1118-1120 will be reset to indicate the
first player of each team when a player, one greater
than the team size selected by the corresponding switch,
has been reached. Since switch 46 is in its league pOSt-
tion, the multivibrators 1171 and 1121 will be comple-
mented to indicate the opposing team, and register 1110
and 1111 will indicate the first player of the team that
has been bowling on -the other lane, regardless of
whether all members of that team have completed
bowling a frame thereon. Since each register 1110 and
1111 will count through the members of one team and
then proceed to count up through the members of the
opposing team independently of each other, 1t IS POSSI-
ble not only for members of the same team 1Q be bowl-
ing on both lanes, but for even sequential players of a
single team to be bowlng on the two lanes simulta-
neously. If the switch 46 has been set to the open posi-
tion, the multivibrators 1117 and 1111 will not be com-
plemented, and, therefore, will continue to indicate the
same team throughout the bowling of one or more
games. Therefore, when the switch 46 is set to its
“open” position, Team A size selector switch 52 will
indicate the number of players which will bowl open
games on the first lane while the team size selector
switch 55 should be set to the number of players which
will be bowling open games on the second lane. Since
there is no complementing on the multivibrators 1117
and 1121, the respective registers 1110 and 1111 wall
indicate the first player of the respective lane who 1s
bowling on that lane after the last bowler on that lane
has completed a frame.

After the switch 46 is in an appropriate position to
“league” or ‘“‘open” play, and the team size selector
switches 52 and 55 have been properly positioned, the
“pPOWER OFF-ON” switch 45 should be turned
“ON.”

Referring to FIG. 46, the closure of switch 43
grounds the relay 1920, energizing it, which in turn
connects the bus bars 1906, 1907 and 1908 to terminals
1903, 1904 and 1905, respectively, to apply the appro-
priate voltages thereto, which energize all of the operat-
ing circuits of the scorer except the memory supply
1916 and the “Initial Reset” terminals 1901a-1901d.
These are energized through multivibrator 1921 by the
thermal delay relay 1940 after a delay of approximately
five seconds, as previously described in greater detail.
As soon as power is applied to the minus six volt bus bar
1907, a lamp behind the “PRINT COMPLETE?"” switch
75 lights indicating that power has been turned on.
After the five-second delay, the initial reset circuits for
resetting all the necessary multivibrators to an initial
position through the terminals 1901a-1901d are actu-
ated. As may be seen in FIG. 30, the initial resetting of
such multivibrators as 1218 will cause the lamps behind
the “PRESS TO SIGNAL FOUL” switches on the
front panel of the lane simulator 70 to be lit, indicating
that the initial reset has been accomplished.
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When the first player of Team A in league bowling or
the first player to bowl on lane | in open bowling is
ready to start, he presses the “START GAME” switch
51, and when the first player of Team B in league bowl-
Ing or the first player to bowl on lane 2 in open bowling
1s ready to start, he presses the “START GAME"
switch 54.

Referring again to FIG. 35, pressing switch 51 causes
the memory reset unit to commence bringing in the first
seven code words into the operating register SR and
resetting them to zero value in preparation for the new
game. As aforementioned, the first six words are the
code words corresponding to the six players of Team A
in league play or the players bowling on lane 1 in open
play. The switch 54 initiates the action of the memory
reset unit to bring the ninth through fifteenth code
words into the operating register SR and resetting them
to zero value for a new game. The ninth through four-
teenth words correspond to six players playing on
Team B in league play, and a possible six players bowl-
Ing on lane 2 in open play. The seventh word is the
team word for Team A and the fifteenth word is the
team word for Team B. These words are, of course, not
utilized in open play. Once the switch 46, to choose
either league or open play, the switches 52 and 35, to
Indicate team size or number of players bowling on a
lane, and switch 45, to apply electrical power to the
scorer, have been set, they do not have to be reset dur-
ing successive games of a set of games played by the
same players. However, the “START GAME”
switches 51 and 54 must be pressed before the beginning
of each new game.

If not already set to its desired position, the “AUTO-
MANUAL” switch 76 should be placed in the desired
position. Referring to FIG. 38, the delay multivibrator
1760 initiates a “Print Complete” signal after a delay of
approximately two seconds from the time it receives a
“Print Score” signal. Since switch 76 is connected to its
negation output terminal, it will connect its negation
output terminal to an input terminal of the NAND gate
1786 to allow this automatic “Print Complete” signal to
pass to terminal 1773 at the end of a two-second delay
pertod when the switch is in its automatic position.

If switch 76 is in its manual position, the “Print Com-
plete” signal issued by the delay multivibrator 1760 can
never reach terminal 1773. Other sections of the switch
76 vary the delay periods of the delay multivibrators
1728 and 1729 by adding in additional capacitors into
their delay circuits when the switch is in its automatic
position. In the automatic position, the delay multivi-
brators 1728 and 1726 have sufficient capacitance to
delay the time during which a “Print Box Score” signal
is 1ssued from the rank 1 gates and the time during
which a “Print Score” signal is issued from the rank 2
gates. When the switch 76 is in its “manual” position,
these delay periods are reduced to a period of 11.5
microseconds, for it is presumed that a manual “Print
Complete” signal will not be initiated until the appropri-
ate scores have been absorbed by the viewer of the
output indicator 9. The two-second delay period pro-
vided when the switch 76 is in automatic position is to
allow a sufficient time for the scores displayed by the
output indicator unit 90 to be observed by a viewer.
However, for the purposes of the operation of the cir-
cuit, only 11.5 microseconds are required for all rank 1
commanded operations to be completed before the be-
ginning of rank 2 operations.
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First ball following an open frame

As previously described in detail, the state and output
control unit 17 contains switching gates which, by issu-
ing command signals, dictate the scorin g operations that
must be performed in accordance with the American
Bowhng Congress rules or any other set of predeter-
mined bowling rules, following a pinfal indicative of the
rolling of a bowling ball on a bowling lane. In bowling,
the action of the game which results in scoring is the
rolling of each ball and the pinfall resulting from the
rolling of that ball. The state and output control unit
selects a formula which results in the issuing of com-
mand signals for every operation resulting from each
pinfall. The selection of the formula and the activation
of the circuitry to issue the required command signals
are based upon: (1) the state of the player’s game at the
time of the pinfall, (2) the location of the pinfall in the
player’s game, which is defined by the frame and ball
number of the pinfall, and (3) whether the pinfall was
ten or less than ten. The operations commanded by each
formula are divided into one or more functions which
must be performed sequentially rather than simulta-
neously. Thus, each function is a set of simultaneously
commanded operations and contains all of the opera-
tions that may be commanded stmultaneously. If all the
operations in a formula can be commanded simulta-
neously, the formula consists of only one function. As
aforementioned, each one of the ranks of gates shown in
FIG. 38 constitute the circuitry of all functions that may
be possibly performed simultaneously in any formula.
Therefore, the ranks are numbered in the sequence in
which the functions of each formula must be performed.

The first ball following an open frame refers to the
first ball in any frame which is not preceded by a frame
in which ten pins were knocked down. This, of course,
includes the first frame of a player’s game SHICE Nno pins
can be knocked down in a frame previous to the first
one of the game.

Referring now to FIG. 37, state 1 is the first ball or
pinfall resulting therefrom following an open frame. As
indicated in the drawing, there are two arrows which
run from state 1 to states 2 and 3, respectively, indicat-
Ing that a pinfall occurring when a player is in state |
requires a choice between two formulas for the proper
scoring of the pinfall. In order to, in this particular
situation, make the choice between the two possible
formulas represented by the two arrows leaving the
state 1 circle, the choice does not depend upon the
location of the pinfall in the game, but it does depend
upon whether the pinfall was ten or less than ten. If the
pinfall is ten, which is a strike, the formula consists of a
one-rank function which is function f{ shown in Table
V. On the other hand, if the pinfall was less than ten, the
formula that must be chosen consists of a one-rank func-
tion which is f4 shown in Table V.

Referring to FIG. 37 and the Table V, it will be no-
ticed that a ten pinfall causes a function number f1tobe
1ssued as previously mentioned. In Table VY, 1t will be
noticed that function f; consists of five operation nota-
tions. The first of these indicates that a box score is to be
printed. The second indicates that the box printer loca-
tion is to be increased by two. This is equivalent to
increasing the frame by one. Thus, the box printer loca-
tion was changed from the first ball of one frame to the
first ball of the subsequent frame. This occurs after the
box has been printed. The fourth output notation P
indicates that the pinfall is to be added to the score now
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existing in the player's code word. No score 1s to be
printed at this time, however. The final notation associ-
ated with the f; function refers to the number to be
“added to the team mark total. In the case of fi, this
number 1s one.

For the f4 function, which occurs when the player 1s
in state 1, but when his pinfall is less than ten, the nota-
tion as shown in Table V indicates that the box score 1s
to be printed and the box printer location is to be in-
creased by one. This is equivalent to remaining in the
same frame but moving from first to second ball in that
frame.

Refer now to FIG. 38. Each of the gates 701 through
712 in FIG. 38 are associated with rank 1 functional
outputs. These gates have three types of inputs: (1) state
inputs as indicated in Table VI, (2) location in the game
of the pinfall associated with the ball rolled and (3) the
type of pinfall credited to the ball (10 or 10). Certain of
these three types of inputs may be missing indicating
that this particular input is of no consequence to the
gate or function involved. For state 1, gate 701 and gate
702 have the proper state inputs. No location input is
applied to either of these gates because it is not impor-
tant to the performance of these functions, as indicated
by the first input notation on each arrow leaving state 1
in FIG. 37. Gate 701 in FIG. 38 requires a pinfall of ten
for activation. Gate 702 requires that the pinfall be less
than ten. Activation of gate 701 will cause multivibrator
1756 to be set. This produces the “Print Box Score”
command. Simultaneously multivibrator 1758 will be
set cornmanding that the box printer location be In-
creased by two. Multivibrators 1752 and 1759 will also
be set commanding that the pinfall be added to the score
existing in the operating register, and that a one be
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added to the team mark total, respectively. Thus, all of 35

the required operating commands are issued by gate 701
when it is activated as a result of the player state being
one and a pinfall being ten. Gate 702 is activated under
identical state conditions but with a pinfall of less than
ten. Gate 702 causes the setting of multivibrators 1756
and 1754 resulting in the “Print Box Score” command
and a command to increase the box printer location by
one, respectively.

Gate 701, when activated places binary zero on ter-
minal 1732 and binary one on terminal 1731. These
terminals are shown on FIG. 36 and result in the new
state being placed in multivibrators SR-1-SR-3. This
action, however, does not occur until after printing
occurs. Prior to setting SR-1-SR-3, the new state is
temporarily stored in multivibrators 1710-1712. At the
time these multivibrators are placed in the new state,
the “End Operations” command is issued from terminal
1790. Referring again to FIG. 38, the issuance of the
“End Operation” command causes multivibrator 1725
to change state resulting in the ending of all rank 1
operations, and causing issuance of the set and reset
signals to SR-1-SR-3 from terminal 1775. Thus, it 1s
impossible for rank 2 and rank 3 functions to take place
because the new state has been issued and operations in
the state and output control unit cease. When the “Print
Box Score” command is issued by multivibrator 1756,
the output unit 18 causes the pinfall at the output of the
pinfall sequencer 12 to be displayed in the proper loca-
tion on the indicator unit 90, or to be printed on a
printer unit, or otherwise displayed when appropriate
equipment is connected. At the conclusion of the box
printing cycle, the addition is made to the box printer
location in the arithmetic unit 10, as previously de-
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scribed. Additions to the team mark total word are
made when commanded by multivibrators 1758 or 1759
and after the team mark total word has been called into
the operating register SK.

First ball following a single strike

Whenever a player bowls a first ball in the frame
following a single strike, his game is in state 2. Referring
to FIG. 37, there are two possible formulas, one of
which must be selected on the basis of whether the
pinfall is ten or less than ten, for it will be noted that the
location of the pinfall in the player’s game has no effect
in deciding which formula should be chosen. Both for-
mulas consist of a single rank function, either fq OT fe,
listed in Table V. In the formula utilizing the function
fs, the new state computed is state 3, while the new
state computed by the formula utilizing function fe is
state 4.

State 2 is indicated by the signals of binary one on
terminals 1704, 1707 and 1708, as indicated by Table V1.
Referring to FIG. 38, only two gates in rank 1, gates 703
and 704, can be activated in state 2, gate 703, when the
pinfall is less than ten, and gate 704, when the pinfall 1s
ten. Gate 703, when activated, causes setting of multivi-
brators 1756 and 1754, resulting in issuance of the “Print
Box Score” signal, and in the addition of one to the box
printer location, respectively. Upon activation of gate
703, a binary zero signal is placed on terminal 1735 and
a binary one on terminal 1734. Referring to FIG. 36, 1t
will be noted that these signals result in the setting of
multivibrators 1710 through 1712 to binary one at the
proper time. When these multivibrators are set, the
“End Operation” signal is issued by terminal 1780 and
by terminal 1790 resulting in the ending of rank 1 by the
setting of multivibrators 1725 shown in FIG. 38. Also,
as a consequence of the “End Operation” signal, the
new state is transferred to SR-1 though SR-3 by action
of power amplifier 1782 in FIG. 38. Thus, the comple-
tion of rank 1 operation concerned with gate 703 ends
operation in the state and output control unit for this
pinfall calculation.

As previously explained, gates 703 and 704 are the
only possible choices in state 2. When the pinfall s ten,
gate 704 is chosen. Activation of gate 704 results 1n the
setting of multivibrators 1756, 1755, 1758 and 1752
When multivibrator 1756 is set, the “Print Box Score”
command is issued. Setting multivibrator 1733 causes
two to be added to the box printer location, which is
equivalent to moving to the next frame, when the
proper time arrives. Setting multivibrator 1758 results
in two being added to the mark total stored in the team
mark total word in a manner similar to that described
previously. Multivibrator 1752, when set, causes a num-
ber equal to the pinfall to be added to the store in the
player’s code word by the arithmetic unit 10.

Gate 704 issues a binary zero to terminal 1738 in FI1G.
36. Upon completion of the box printing cycle, the new
state, state 4, is loaded into the intermediate storage
multivibrators 1710 through 1712 and the “End Opera-
tion” signal is issued on terminal 1780. This signal
causes the ending of rank 1 operations and the transter-
ral of the new state to SR-1 through SR-3 as previously
described.

In both cases arising when a first ball follows a strike,
no score printing is required. Only the pinfall is dis-
played or printed in the proper box. This action results
when multivibrator 1756 is set causing issuance of the
“Print Box Score” signal. Because the output unit 18
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recetves the “Print Box Score” command rather than a
“Print Score” command, a selection of the proper digit
(hundreds, tens, or units) must be made in order that
pinfall be displayed in the proper location. This choice
1s governed by the first or second ball signal. If the first
ball signal, as issued by the arithmetic unit 10, is present
the pinfall 1s printed with the tens digit. If the second
ball signal 1s present, the units digit is used.

Second ball following an open frame

It the player is bowling a second ball following an
open frame, his game is in state 3. Referring to FIG. 37,
it may be seen that a selection between three formulas
must be made. The selection of a proper formula de-
pends first upon whether the pinfall was greater or less
than ten and if it was less than ten, whether the pinfall
being scored is indicative of a pinfall resulting from the
second ball in the tenth frame. If the pinfall was ten,
then a single rank function f¢ should be selected and a
new resulting state of 6 should be computed. If the
pinfall was less than ten, functions fs and f> shouid be
selected. However, if it was the second ball in the tenth
frame the stop state should be computed since the play-
er's game would be concluded. However, if it i1s not the
second ball 1n the tenth frame, a new state 1 should be
computed, for the player’s next pinfall must be a first
ball following the open frame since less than ten pins
were knocked down.

State 3 is indicated by binary ones appearing on ter-
minals 1705, 1707 and 1708, as listed in Table VI. In
rank 1, the only gates which can be activated by these
signals are gates 705 and 707; gate 705 in the case of ten
pins down, and gate 707 if less than ten pins have fallen.
In the case where ten pins have fallen, a spare has been
made and the player should enter state 6 after the scorer
performs the formula which is comprised of the fg func-
tion. For the fg function to be completed, the pinfall
must be printed in the proper box, the box printer loca-
tion should be incremented by one, the pinfall should be
added to the score in the operating register, and one
should be added to the mark total stored in the team
mark total word, as indicated by Table V. Gate 705,
when activated, causes the setting of multivibrators
1756, 1754, 1752 and 1759, resulting in issuance of the
“Print Box Score” command, the adding of one to the
box printer location, the adding of the pinfall to the
score, and the adding of one to the mark total, respec-
tively. Thus, all of the operations necessary to produce
the fq function have been commanded and will be car-
ried out by the proper units in the scorer; the displaying
of the box score by the output indicator unit 90; the
implementing of the box printer location by the arith-
metic unit; the adding of pinfall to the score by the
arithmetic unit; and the additions to the mark total by
the arithmetic unit. The spare indication will be dis-
played by the output indicator unit 90 as a result of the
“Print Box Score” command. If a printer is used, the
spare symbol would appear in the unit’s digit box in the
proper frame. Activation of gate 705 by the aforemen-
tioned signals results in the application of a binary zero
to terminal 1736 on FIG. 36. At the conclusion of the
box printing cycle, the new state, state 6, is placed in the
intermediate storage multivibrators 1710 through 1712,
the “"End Operations” signal is issued, rank 1 is termi-
nated, the new state is placed in SR-1 through SR-3, and
all state and output control unit operations cease.

If the pinfall was less than ten, two possible formulas
may be chosen, depending upon the frame indication. If
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the last ball in the tenth frame was bowled, it is desired
that the next state be the stop state. If not, the next state
should be state 1. In either case, the output formula
consists of function fs, followed by function f3. Since
the functions are identical in the first rank, a single gate
may be used to detect this state 3 condition where less
than ten pins have fallen. This gate is gate 707. When
gate 707 is activated, multivibrators 1756, 1754 and 1752
are activated, resulting in issuance of “Print Box Score”
signals, the addition of one to the box printer location,
and the addition of the pinfall to the score, respectively.
Thus, during the first rank, the output indicator unit 90,
will display the pinfall as indicated by the pinfall se-
quencer 12. It will be noted that no interconnection
between gate 705 and any terminal on FIG. 36 has been
made. This 1s because the formula to be performed
contains more than one function, and therefore, the new
state should not be entered until after the second func-
tion has been performed rather than solely the first. At
the conclusion of the box printing cycle, the “Box Print
Complete” signal is applied to delay multivibrator 1728.
Its output then causes multivibrator 1725 to change
state ending rank 1 and causes multivibrator 1726 to
transfer states starting rank 2 operations.

Of the eight rank 2 gates, only two can be activated in
state 3, gates 721 and 722. Each of these gates requires
that the pinfall be less than ten; however, gate 722 re-
quires that the frame indication for the ball rolled be the
last ball in the tenth frame, as indicated by the symbol K
and defined 1n Table IV. When either of these gates is
activated, the print score multivibrator 1751 will be set
and the output unit 18 and output indicator unit 90 will
cause display of the score then in the operating register.
In the case of gate 721, the new state should be state 1.
Terminal 1738 becomes binary one and terminal 1740
binary zero when gate 721 has been activated. These
terminals, as shown in FIG. 36, are connected to the
multivibrators 1710-1712 so that the binary code signal
for state 1 is set up in these three multivibrators when
terminal 1738 is binary one and terminal 1740 is binary
zero and the print cycle is completed. In case of gate
722, the new state should be state S. Terminal 1739
becomes binary one and terminal 1741 becomes binary
zero when gate 722 has been activated. As shown in
FIG. 36, this action places the binary code for state S in
the multivibrators 1710-1712. When the “End Opera-
tion” signal is issued, as previously described, causing
the ending of the rank 2 operations, the new state is
transferred to SR-1 through SR-3. Issuing of the “End
Operation™ signal concludes all actions of the state and
output unit 17,

When the “Print Score” command is initiated by the
rank 2 NAND gates by setting multivibrator 1751, the
output control unit 18 and the output indicator unit 90
will cause the player’s score contained in the operating
register to be displayed, along with the corresponding
ball and frame numbers.

First ball following two strikes

Reterring to FIG. 37, the first ball following two
strikes 1s state 4. When a player’s game is in this state,
the selection between three formulas must be made
based upon whether the pinfall is indicative of the roll-
ing of the second ball in the eleventh frame, and if it is
not, whether the pinfall was ten or less than ten. If the
pinfall 1s indicative of the rolling of a second ball in the
eleventh frame, then a two-rank function fsand {7 with
a computation of the stop state as a new state is selected
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as the formula. If the pinfall is indicative of the rolling
of any ball other than the second in the eleventh frame
and the pinfall is ten, a three-rank formula consisting of
the functions fg, f2, and f7 with the recomputation of
state 4, 1s selected. If the pinfall is indicative of any
other ball other than the second ball in the eleventh
frame and the pinfall is less than ten, the formula chosen
consists of three functions fs, f2, and f3, and the compu-
tation of state 5 as the new state. Since the first ball after
two strikes 1s state 4, a player’s game can be in state 4
only when he is rolling the first ball of 2 new frame.
With the player’s word in the operating register, and his
game in state 4, binary ones will appear on terminals
1704, 1707, and 1709. Gates which may be activated for
state 4 depending on the other input conditions are gates
706, 709, and 711. Gate 706 is activated if the pinfall is
indicative of the second ball in the eleventh frame, and
its activation will cause the setting of multivibrators
1752, 1754 and 1756 so that they issue the “Add Pinfall
to Score” command, the “Add 1 to Box Print Location”
command, and the *“Print Box Score” command, re-
spectively. The 1ssuing of these commands accom-
plishes function fs. If the pinfall is not indicative of the
second ball in the eleventh frame, and less than ten pins
are knocked down, it 1s again desirable to have rank 1
perform function fs. This combination of inputs actu-
ates gate 709 which is similarly connected to multivibra-
tors 1752, 1754 and 1756 so that the same set of com-
mands are i1ssued by these multivibrators. However, if
the pinfall is not indicative of the second ball in the
eleventh frame and is a full ten, which is another strike,
rank | initiates function f¢ because NAND gate 712 is
activated, which causes multivibrators 1752, 1754, 1756
and 1759 to be set and thereby issue the “Add Pinfall to
Score” command, the “Add 2 to Box Printer Location”
command, the “Print Box Score” command, and the
“Add 2 to Mark Total” command, respectively. There
1S no interconnection between these rank 1 gates at any
terminal shown on FIG. 36. Therefore, a rank 2 func-
tion 1s to be carried out regardless of which one of the
three NAND gates in rank 1 has been actuated.

Only two of the NAND gates in rank 2, gates 724 and
727, may be actuated when a player’s game is in state 4.
If the player’s game is at the second ball of the eleventh
frame, gate 724 is activated to place a binary one on
terminal 1739 and a binary zero on terminal 1741 so that
the binary code for the stop state will be placed in the
multivibrators 1710-1712 when the “Print Complete”
signal is received. Activation of NAND gate 724 sets
multivibrator 1751 so that it issues the “Print Score”
command which subsequently results in the *Print
Complete” signal being issued. If the player’s game is
not at the second ball of the eleventh frame, gate 727 is
actuated to set multivibrator 1751 and thereby cause the
1issuance of the “Print Score” command without creat-
ing any effect upon the terminals in FIG. 36. The issu-
ance of the “Print Score” command is the 5 function
which is the second rank function in all three of the
formulas which may be selected when a player’s game is
in state 4. However, if the pinfall is indicative of the
second ball of the eleventh frame, there are no further
operations beyond the rank 2 function of printing or
displaying the score, and therefore, the binary code for
the stop state is set up in the multivibrator 1710-1712
and transferred into the operating register’s multivibra-
tors SR-1 through SR-3 when the “End Operation”
signal 1s issued, as previously described. Since gate 727
1s not connected to any of the terminals shown in FIG.
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36, the state and output control unit is not disabled from
carrying out rank 3 functions when the player has not
yet reached the second ball in the eleventh frame.

Of the five NAND gates in rank 3, only gates 734 and
735 may be activated when a player’s game is in state 4.
Gate 734 1s activated when the pinfall is less than ten
and gate 735 1s activated when the pinfall is ten, which
1s another strike. Activation of gate 734 sets multivibra-
tor 1733 to 1ssue the *Add 10 to Score” command while
activation of gate 738 sets multivibrator 1757 to issue
the “Add 20 to Score” command. Thus, gate 734 initi-
ates function f3, while gate 735 initiates function fs.
When gate 734 i1s activated, it places a binary zero on
terminal 1744 so that the binary code for state 5 is
placed in the multivibrators 1710-1712 prior to being
transferred to the multivibrators SR-1 through SR-3 of
the operating register, as previously described.

(ate 735, when activated, issues a binary zero to the
terminal 1745 of FIG. 36. This terminal causes only the
middle digit of the three bit intermediate registers 1710
through 1712 to be set. The other two digits therefore
contain the same information as in SR-1 and SR-3. Since
the state 1s not being changed, but remains in state 4, it
would be unnecessary to command any of the interme-
diate multivibrators 1710 through 1712 except for the
desire to cause issuance of the “End Operation” signal.
Therefore, the multivibrator 1711 is again set so that the
“End Operations” signal will be issued on terminals
1780 and 1790. This “End Operations” signal results in
cessation of operations in rank 3, the commanding of the
new state in SR-1 through 3 (although no new state
need be commanded), and in the ceasing of all state and
output control unit operations.

During rank 1 operations in state 4, when a pinfall
was rolled of ten, the strike light of the output indicator
unit 90 was lit. If a printer was used, a strike symbol X
would be printed in the first box in the proper frame.
Where the pinfall was less than ten, the proper pinfall
would be displayed in the first box in the proper frame
on the printer, or in the first box on the output indicator
unit 90. During rank 2 operations, a score print was
commanded. Therefore, on the output indicator unit 90
the score along with the proper frame to which it was
credited would be displayed. If a printer were used, the
proper score would be printed in the proper frame.

Second ball following a strike

Referring to FIG. 37, the second ball following a
strike 1s state 5, and when the player’s game is in this
state, the selection must be made based upon the loca-
tion of the pinfall in the game and whether ten or less
pins were knocked down of a formula from a group of
four. If the pinfall is indicative of the rolling of a second
ball in the eleventh frame, then a two-rank function, fs
and f3, with a computation of the stop state as a new
state, 18 selected as the formula. If the pinfall is indica-
tive of the second ball in the tenth frame and the pinfall
i1s less than ten, the player’s game is over and therefore,
a four-rank formula consisting of function fs, f3, fg and
f1 is selected. However, if the second ball in the elev-
enth frame which is the last possible ball which can be

rolled in that player’s game, is not the location of the

pinfall and ten pins are knocked down to form a spare,
the formula to be chosen is a three-rank formula consist-
ing of functions f, f2 and f3, and the computation of
state 6 as the new state. If the pinfall is not for the sec-
ond ball of either the tenth or eleventh frames and is not
a spare with a pinfall of ten, then the formula to be
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chosen is the one which will compute state 1 as a new
state and will consist of four-rank formula fs, f2, fzand
f2.

The second ball in any frame following a strike is
termed state 5 and is indicated by binary ones appearing
on terminals 1705, 1707 and 1709, as listed. Gates which
may be utilized for state 5 depending on the other input
conditions are gates 706, 707, 708 and 712. In several
instances, it is possible that more than one of these gates
may be utilized simultaneously, but in all cases where
this occurs, the outputs of these gates go to identical
locations. This allows a minimum number of diodes to
be required in the gating structure. Again, referring to
FIG. 37, it will be noted that from state 5 there are two
routes to the stop state. One of these routes depends on
the ball rolled being the second ball in the eleventh
frame, the M designation. This particular route does not
depend on pinfall and, for this reason, may or may not
activate more than one gate. This set of input conditions
will always activate gate 706; if the pinfall is less than
ten it will also activate gates 707 and 709 in rank 1. The
desired formula is comprised of functions fsand f3. The
rank 1 function fs requires the printing of a box, the
movement of the box printer by one box and the addi-
tion of pinfall to the score existing in the player’s word
at this time. This gate 706 is activated, irrespective of
whether or not gates 707 and 709 are also activated,
multivibrators 1756, 1754 and 1752 will be set resulting
in the issuance of the required commands, as previously
described. The “Print Box Store” command will result
in the displaying of the accumulated pinfall in the
proper location of the output indicator unit 90 or on a
printer if utilized. Gate 706 does not issue any signal to
FIG. 36 and therefore, no new state is transferred by
any rank 1 operation. Therefore, upon reception of the
“Box Print Complete” command, rank 1 1s terminated
and rank 2 starts. In rank 2, gate 704 is activated by the
input conditions described, and results in the issuance of
the “Print Score” command by multivibrator 1731, and
in placing a binary one on terminal 1739 and a binary
zero on terminal 1741 of FIG. 36. These two terminals
transfer the new state, that of the stop condition, to the
intermediate storage multivibrators 1710 through 1712,
and start the *“End Operation’ sequence described pre-
viously. Thus, rank 2 terminates actions in the state and
output control unit for this particular formula. During
the score printing cycle, the proper score 1s displayed
by the output indicator unit 90 or by a printer in the
proper frame, 1f used.

If the input conditions are those of state 5, and the ball
rolled resulted in ten pins being knocked over, and it
was not the second ball in the eleventh frame, the player
enters state 6 after the scorer peforms the three-function
formula f9, f2and {3, fo, the first rank function, requires
that the box score be displayed, that the box printer
location be incremented upwards by one, that the pin-
fall be added to the score, and that a one be added to the
team mark total word. Gate 712 of rank 1 i1s activated by
the input conditions described and results in the setting
of multivibrators 1756, 1754, 1752, and 1759. These
multivibrators cause the performance of the required
operations, as previously described. During the box
printing cycle, the output indicator unit 90 will display
the spare light, or if a printer is used, the spare symbol
will be displayed in the proper frame. No signal 1s issued
by gate 712 to FIG. 36 and therefore, no state can be
changed by this rank 1 function. Therefore, upon re-
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céipt of the “"Box Print Complete” command, rank 1 is
terminated and rank 2 initiated.

In rank 2, the gate activated under the aforemnen-
tioned input conditions 1s gate 727. Setting of this gate
activates multivibrator 1751, the “‘print score multivi-
brator.” No signal is issued by gate 727 of rank 2 to
FI1G. 36 and therefore, the state is not changed by rank
2 operations. Upon receipt of the “Score Print Com-
plete” command, rank 2 is terminated and rank 3 begins.

In rank 3, gate 733 is activated under the the stated
conditions resulting in the setting of multivibrator 17353,
which commands that ten be added to the score. Gate
733 also activates terminal 1743 of F1G. 36 resulting 1n
transfer of the new state, state 6, to the intermediate
storage multivibrators 1710 through 1712. This action
produces the “End Operations” cycle, and causes rank
3 to terminate and the new state to be transferred to
SR-1 to SR-3. Operations in the state and output control
unit then cease with the rank 3 operation. During the
score print cycle commanded in rank 2, there 1s dis-
played on the output indicator unit the proper score
along with the proper frame designation for this score.
Nothing is displayed, however, during the rank 3 opera-
tion since this operation requires only approximately
200 microseconds.

If the input conditions are such that ten pins were not
overturned and it is not the second ball in the eleventh
frame, the formulas involved contain four functions
each. It will be noted in FIG. 37 that if input conditions
are as described and it is the second ball in the tenth
frame, the stop state is entered at the conclusion of the
performance of the formula. If it is not the second ball
in the tenth frame, nor the second ball in the eleventh
frame, and if ten pins were not overturned, state 1 is
entered after performance of the formula. Within the
state and output control unit, operations on either of
these formulas are identical through rank 3 and differ
only slightly in rank 4. They will therefore, be de-
scribed simultaneously through rank 3 and the differ-
ences noted for rank 4 operations. |

During either of the stated input conditions, gates 707
and 709 of FIG. 38, rank 1, will be activated and will
cause issuance of signals from multivibrators 1756, 1754
and 1752, resulting in the commands “Print Box Score,”
“Add 1 to Box Printer Location,” and “Add Pinfall to
Score.” Thus, all operations associated with the fs func-
tion are commanded in rank 1. No commands are 1ssued
to FIG. 36 and therefore at the conclusion of the box
print cycle, rank 1 will be terminated and rank 2 initiated.

Under the required input conditions, gate 727 of rank
2 is activated. It is also possible that gate 726 may be
activated, but both of these gates perform the same
function, that of setting multivibrator 1751 and thereby
causing the *“Print Score” command to be issued. Nei-
ther of these gates causes issuance of any signal to FIG.
36 and therefore the state is not changed. At the conclu-
sion of the score print cycle, during which the score is
displayed by either the output indicator umit 90 or a
printer, if used, rank 2 is terminated and rank 3 begins.

In rank 3, gate 731 is activated under either of the
formula conditions described. Through a delaying cycle
caused by delay multivibrators 1714 and 1715, an addi-
tion is performed of the pinfall to the score by multivi-
brator 1752. During the delay period of multivibrators
1714 and 1715, rank 3 is terminated by action of delay
multivibrator 1730. However, since operations have
been started by multivibraters 1714 and 1715, they must
continue until completed.
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Upon completion of the delay period of delay multi-
vibrator 1715, the multivibrator 1723 is reset, applying
binary one to terminal 1792. This action results in appli-
" cation of binary one to one of the input terminals of rank
4, gate 741, and to cne of the input terminals of rank 4,
gate 742. On terminals 1067, the K signal, as defined in
Table IV, is applied. On terminal 1068, the K signal
defined in the same table is applied. These signals now
differentiate between the two formulas to be performed
and consequently between the states 10 which the com-
putation proceeds. If the condition is the K condition, a
binary one is apphed to terminal 1738 and a binary zero
to the terminal 1740, causing the intermediate storage
multivibrators to accept the new state, state 1, upon
completion of the score print, which is also commanded
dimultaneously by gate 741 of rank 4. Gate 742 of rank
4 will also command a score print, but will activate
terminal 1739 with a binary one and terminal 1741 with
a binary zero, causing transfer in FIG. 36 of the inter-
mediate storage multivibrators 1710-1712 to the stop
state S upon completion of the score printing cycle.
Thus, after this second score printing is complete, rank
4 is terminated, the new state is inserted n SR-1 through
SR-3, and the operations of the state and output control
units cease. During the second score printing, the out-
put indicator unit 90 will receive score information in
the present bowling frame as indicated by the output

anit 18. If the printer is attached, printing of scores in
the present frame will result.

First ball following a spare

Referring to FIG. 37, the first ball following a spare
is state 6 of a player’s game. When the player is in state
6. one of three formulas must be chosen for the scoring
of subsequent pinfall based upon whether the pinfall 1s
ndicative of the rolling of the first ball in the eleventh
frame, or if it is not, whether the pinfall is ten or less
than ten. If the pinfall is indicative of the fist ball in the
eleventh frame, a two-rank formula, consisting of fsand
f3, with the computation of the stop state, must be se-
lected. If the pinfall is not for the first bal! in the elev-
enth frame and is for a pinfall less than ten, a two-rank
formula consisting of functions fsand f2and the compu-
tation of state 3 should be selected, and if the pinfall was
ten, a three-rank formula of f2and f3, with the computa-
tion of a new state 2, should be selected.

State 6 is indicated by binary ones on terminals 1705,
1706 and 1709, as shown in Table V1. This state is asso-
ciated with the first ball following a spare and can lead
to the top state if the ball bowled is the first ball in the
eleventh frame, or to the state 2 position if ten pins are
knocked down and it is not the first ball in the eleventh
frame, or to state 3 if ten pins are not knocked down,
and it is not the first ball in the eleventh frame. In calcu-
lating these new states, three formulas are utilized, two
of which consist of two ranks, fs and f2, and one of
which contains three functions, f1, f2and f3. If the prior
state is state 6, and it is the first ball in the eleventh
frame, regardless of pinfall, the player goes to the stop
state after performing the functions fs and f2. The first-
rank function fsis performed through action of gate 708
which is opened with the required signals. The fs func-
tion consists of displaying the box score, advancing the
box printer location by one and adding the pinfall to the
score existing in the operating register. Thus, gate 708
sets multivibrators 1756, 1754 and 1752, commanding
the aforementioned operations in the order mentioned.
Gate 708 does not connect to any terminal on FI1G. 36,
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and therefore, cannot cause a transfer to a new state.
Thus, at the end of the box printing cycle, rank 1 is
completed and rank 2 1s initiated.

In rank 2, gate 3 is activated by the input conditions
described. This gate commands the print score opera-
tion through multivibrator 1751 and applies binary one
to terminal 1739 and binary zero to terminal 1741
FIG. 36. Thus, the stop state is placed upon application
of the “Score Print Complete” command into the inter-
mediate multivibrators 1710-1712. The “End Opera-
tion” signal is issued, causing termination of rank 2
operations, transferring indirectly the new state into
SR-1 through, SR-3, and terminating all state and output
~ontrol unit fanctions, as has been previously described.
During the box print cycle, the accumulated pinfall 1s
displayed in the proper location on the output indicator
unit 90 or may be printed by use of a remote printer.
During the score print cycle, the score is similarly dis-
played.

If the input conditions are such that less than ten pins
have fallen, and it is not the first ball mn the eleventh
frame, the formula comprised of functions fs and f2
leading to state 3 must be performed. In FIG. 38, n rank
1, gate 709 is activated under these conditions and pro-
duces the s output consisting of the “Print Box Score”
command, “Add 1 to Box Printer Location” command,
and “Add Pinfall to Score” command, as previously
described. No commands are given to FIG. 36 by action
of gate 709, and therefore, the state is not transferred in
the first rank. Thus, at the end of the box print cycle,
rank 1 is terminated and rank 2 is started, as previously
described.

In rank 2, ate 725 is activated by the input signals
mentioned, resulting in the setting of print score multi-
vibrator 1751. A binary one is applied at this same time
to terminal 1742 of FIG. 36, and upon completion of the
score print cycle, the new state, state 3, is transferred to
the intermediate storage multivibrators 1710-1712, and
the “End Operation” signal 1s issued, as previously
described. All of the operations associated with the
issuance of this signal then proceed terminating action
in the state and output control umit. During the boX
print cycle, the proper pinfall is displayed 1n the second
box of the proper frame, either by the output indicator
unit or by a printer, if used. During the score print
cycle, the proper score is displayed by these devices in
the proper frame.

If the input conditions are such that the player is in
state 6, it is not the first ball in the eleventh frame and he
has overturned ten pins, he has just bowled a strike and
should therefore go to the state associated with a single
strike following a strike. The formula to be completed
consists of three functions f1, f2 and f3. The f1 function
consists of the commands “Print Box Score,” “Add 2 to
Box Printer Location” (equivalent to incrementing the
box printer location by one frame), “Add Pinfall to
Score” in the operating register, and “Add 1 to Mark
Total” in the team mark total word. Gate 710 of rank 1
detects the input conditions described and causes setting
of multivibrators 1756, 1755, 1752 and 175, which com-
mand the operations described, respectively. No com-
mand is issued by gate 710 of rank 1 which will cause
changing of the state. Therefore, at the conclusion of
the box print cycle, rank 1 1s terminated and rank 2 1s
started.

In rank 2, ate 728 detects the input conditions for state
6 with a pinfall of ten if it 15 not the first ball in the
eleventh frame. Gate 728 commands the print score
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operation by setting multivibrator 1751. No command is
given to FIG. 36, therefore, rank 2 does not produce a
new state and does not terminate operations in the state
and output control unit. At the conclusion of the score
print cycle, rank 2 is therefore terminated and rank 3
started. Gate 732 of rank 3 detects the input conditions
described and causes setting of multivibrator 1753 issu-
ing the command “Add 10 to Score.” Gate 732 also
activates terminal 1750 in FIG. 36 causing the new state
to be entered into the intermediate storage multivibra-
tors 1710-1712. This causes the “End Operation” signal
to be issued, as previously described. This results in
completion of operations of the state and output control
unit.

During the box print cycle, the strike symbol would
would be displaced on a printer, if utilized, or the strike
light is lit on the output indicator unit 90. During the
score printing cycle, the score is displayed by either of
these units in the proper frame and location.

The stop state

In FIG. 37, the stop state is indicated by S and is the
state to which a player’s computation goes at the end
point of his game. The stop state is indicated by the
presence of binary one on terminals 1704, 1706 and
1708, as shown in Table VI. The stop state is unique in
that no operations are performed in this state, but
merely signal the need for team totaling for the ending
of computation, depending on the status of league or
open bowling. Referring to FIG. 40, the box printer
location and the player identification sections of the
arithmetic unit, gate 1073 in FIG. 40 detects the pres-
ence of the stop state and, under league conditions, will
activate the team totaling circuiry at the proper time.
One input terminal of this gate marked 2010, is a timing,
tnput which is normally activated after the state is trans-
terred in normal computation. Thus, at the time the
timing pulse appears on this terminal, the player finish-
Ing a game has entered the stop state. Since no shifting
motion is occurring at this time in the memory and
operating register shift circuits, the “Shift Complete”
signal applied to terminal 1316 will be a binary one.
Thus, all inputs to gate 1073 become binary one. When
gate 1073 is activated, its output drops to binary zero
and delay multivibrator 1075 is activated and begins its
delay cycle. The assertion output of this delay multivi-
brator causes a binary one signal to be issued on termi-
nal 1014 on FIG. 39. This causes all the multivibrators
1001 through 1010 to be set to binary one thus enabling
a transfer of binary zero into these multivibrators when
they are used to copy the operating register multivibra-
tors SR-4-SR-13. At the conclusion of the five micro-
second delay period of delay multivibrator 1075, the
multivibrator 1076 is set causing issuance of the “Team
Total” signal. Issuance of this signal causes delay multi-
vibrator 1081 to be triggered issuing a five microsecond
assertion level pulse at terminal 1082 on FIGS. 39 and
40. Terminal 1082 causes transfer of all information
stored 1in SR-4 through SR-13 into multivibrators 1001
through 1010. Thus, multivibrators 1001 through 1010
contain the player’s accumulated score at the end of his
game. At the same time that this transfer occurs, the
contents of the player identification stored in SR-20
through SR-22, in FIG. 48, are transferred to multivi-
brators 1083 through 1085, respectively. Thus, player’s
score and player’s identification, with the exception of
team 1dentification are stored in the subregisters ready
for team totaling. The presence of the “Team Total”
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signal causes a binary zero to be placed on terminal 1078
as shown on FIG. 41 and thus causes issuance of the
“ITMT?” signal from terminal 2005 on FIG. 41. This
“Team Mark Total” signal signifies to the player se-
quencer circuits that the team mark total word is to be
called into the operating register, and this immediately
occurs. Thus, the player word is transferred from the
register and the team mark total word is brought into
the register. The “Team Total” signal is placed on gate
1086 in FIG. 40 and on the next timing pulse, multivi-
brator 1088 is set. If the player bowling is on Team A,
the multivibrator 1090 is then set. If the player is on
Team B, multivibrator 1089 is set. These two multivi-
brators only set, however, for the first team totaling of
the game. They are not reset until the next game, and
therefore, on subsequent team totaling operations for
later players, they cannot be reset. They are still set and
remain set.

At the time that team totaling is commenced for ei-
ther team, the marks assigned to that team are in the
team mark total word and must be erased prior to team
totaling. It is easily seen that this is only necessary the
first time team totaling is done for either team and that
such erasure is not necessary on subsequent team total
operations. For this reason, multivibrators 100 and 108
are set only once, that being on the first time team total
operations are performed. The setting of these multivi-
brators causes triggering of the score reset circuitry and
resets the complete score register, SR-4 through SR-13.
The setting of multivibrator 1088, however, takes place
each and every time team totaling is performed. There-
fore, the negation output terminal of this multivibrator
drops to binary zero every time during the team total
cycle, applying a binary zero to one mput of NAND
gate 1050. This activates NAND gate 1045 and count
pulses are issued from terminal 1026. These count pulses
cause the score of the player being added to the team
total to be transferred, one pulse at a time, from the
Intermediate register into the operating register. At the
same time that this happens, multivibrator 1088 issues a
binary one on terminal 1363 of FIG. 31 causing the
comparaltor to operate as if it were receiving a “Equal”
signal. This is necessary because after compiletion of the
add cycle, the player identification stored in the inter-
mediate registers 1083 through 1085 shown in FIG. 40,
must be transferred in parallel to multivibrators 1046
through 1048. The output of these multivibrators is one
series of inputs to the comparator circuit. The other
inputs to the comparator circuit come from the player
sequencer 11. Thus, at this time, no shifting is desired,
but the “Equal” signal is not present to prevent shifting,
and a false equal signal must be issued by terminal 1363
to prevent shifting. At the conclusion of the adding
cycle, terminal 1024, shown in FIG. 40, becomes binary
zero, triggering delay multivibrator 1099 and causin g its
assertion output to apply binary one to gates 1045
through 1047. This causes a transfer of the player identi-
fication stored in multivibrators 1083 through 1085 into
multivibrators 1046 through 1048, respectively. At the
same time, terminal 1048 issues a *“Print Team Total”
command to the state and output control unit FIG. 38,
causing setting of the “Print Score’ multivibrator 1751.
A score print follows. It should be noticed that the
score print will occur in a vertical position controlled
by the player’s identification, and this is the reason for
transfer of the player identification into the spot nor-
mally occupied by the team total identification in the
team mark total word. At the conclusion of the score
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print cycle, terminal 1815 received the “Score Print
Complete” command, a binary one, which remains on
this terminal for five microseconds. During this five
- microsecond time period, multivibrators 1046 through
1048 are set to binary one, reestablishing the team total
identification for the team mark total word. Thus, this
word re-enters the memory system with its original
identification. At the conclusion of the “Score Print
Complete” command on terminal 1815, multivibrator
1046 1s reset, ending the team total cycle. At the conclu-
sion of the team total cycle, the not team total signal
(TT) on terminal 1078 causes the “End Computation”
signals to be 1ssued at terminals 2017, 2021 and 2022 of
FIG. 41.

In the event that league bowling is not being played,
the team total cycle is not entered due to the presence of
the open signal on terminal 1074 of multivibrator 1073
in F1G 40. Thus, no “Team Total” signal exists in the
timing unit illustrated in FIG. 43 to inhibit action of the
negation output of delay multivibrator 2049 and the
“"End Computation™ signals 2017, 2021 and 2022 are
immediately issued after the stop state is reached.

Out-of-turn bowling

On occation, during the course of an evening of
bowling, it may be necessary that some player bow! out
of turn in order to catch up on order to leave early or
for some other reason. This is possible by use of the
out-of-turn controls shown in FIG. 2. These controls
are shown on the panel 47 and consist of the switches 48
and 49. Switch 49 is the player selector switch which
selects the player who wishes to bowl out of turn. All
player numbers 1 through 6, on each Team A and B are
found on this indicating switch. The player turns this
selector switch to indicate the player number who
wishes to bowl out of turn. The connections of this
switch are shown in FIG. 29 and have previously been
described. At the time the player is ready to roll the first
ball in an out-of-turn sequence, he utilizes switch 48, the
out-of-turn bowler lane switch, to select which lane
should be credited with the out-of-turn ball. The next
ball following use of switch 48 on the lane selected will
be credited to player shown by switch 49. Switch 48 is
a three-position switch, and when pressed upward, se-
lects lane 1, when pressed downward, selects lane 2. In
its center position, neither lane is selected. This switch
is shown in FIG. 33. M ultivibrator 1660 is set when
swich 48 1s moved upward to its lane 1 position. Multi-
vibrator 1661 is set when the swiich is moved down-
ward. When the next ball is rolled on lane 1, the L;
signal enters gate 1662 together with the assertion out-
put of multivibrator 1660 and causes issuance of the SP
signal from terminal 1612. This signal is applied to the
player selector switch 49, FIG. 29, resulting in the issu-
ance of the identification of the player selected on
switch 49,

If multivibrator 1661 has been set by pressing the
switch 48 downward to the lane 2 position, the SP
signal will not be issued by terminal 1612 until the lane
2 signal has been received on terminal 1665. It will be
noticed that the player bowling on the unselected lane
will not be affected by the out-of-turn procedure.

The out-of-turn procedure automatically terminates
after each and every ball and therefore, all out-of-turn
balls rolled must be preceded by a pressing switch 48 to

the position associated with the lane on which the ball is
to be rolled.
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Correction procedure

The correction controls are recessed behind the hinge
panel 60 and are used in conjunction with the player
selector switch 49 to make corrections as needed in any
printed material previously produced from information
received from the scorer.

In making a correction, the player must select, using
the controls on panel 62 and switch 49, the last correct
frame printed, the score in that frame, and the pinfall
relating to each subsequent ball, as well as his own
identification. The controls are set up in the following
manner.

The player identification of the player needing cor-
rection is set on switch 49, the player selector switch.
The last correct complete printed frame is set on switch
63 (FIG. 2). This last correct complete printed frame
must be the frame number of the last correct frame
where a score was printed. Correct box printings after
this point are not considered. The correct score that
exists in that last correct printed frame is set up on the
score thumbwheel switches 64. These are a series of
three frame wheel switches capable of entering any
individual player’s score. The pinfall on the next ball
occurring after the correct printed frame is entered on
the pinfall thumbwheel switch 65. Switches 63, 64 and
65 are shown schematically in FIG. 33, which illustrates
the correction and out-of-turn unit. Once the correction
procedure is instituted by pressing the “MAKE COR-
RECTION” switch 66, the player word chosen is
locked in the operating register and cannot move.
Thereafter, a light is provided behind switch 66 which
1s lit when all scoring circuits are free, indicating that
the scorer 1s available to perform the required correc-
tions. Switch 66 should not be depressed until this light
is on. This light is connected internally to receive the
“End Computation” signal so that when no computa-
tion is taking place and the “End Computation™ signal is
on, this light will be lit. When the player presses the
“MAKE CORRECTION? switch 66 for the first time,
circuits within the correction and out-of-turn unit be-
come locked permanently and remain on until the
"CORRECTION COMPLETE” switch 67 is pressed.
A single pulse is applied by power amplifier 1606 to the
frame thumbwheel switch 63 and to the score thumb-
wheel switches 64 which cause transferal of the frame
information and the score information to the operating
register after the player’s word has been brought to that
register. These switches only receive a pluse from
power amplifier 1606 on the first pressing of the
"MAKE CORRECTION?” switch, since a return to the
first frame requiring correction is not desired except
during the first correction. The pinfall switch 65, how-
ever, receives a pulse each and every time the “MAKE
CORRECTION” switch 66 is depressed. The correc-
tion procedure occurs then as follows.

The player depresses switch 66 and the scorer pro-
ceeds to enter the first pinfall as indicated by thumb-
wheel switch 65. When the scorer has completed this
first correction, the light behind switch 66 will come on
again. The player may then select the subsequent ball
pinfall using switch 65, and again press switch 66 to
indicate the need for the subsequent correction. The
light behind switch 66 will then be extinguished, the
scorer will proceed with the second correction, and the
light will come on again behind switch 66 after this
correction. Subsequent settings of switch 65 and press-
ings of switch 66 continue until the player has caught up
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with his active bowling game. At this time, switch 67 1s
pressed releasing the operating register and shifting the
player’s word back into the memory. The scorer then
proceeds with the ordinary scoring of the game of
bowling.

De-energizing the scorer

Between games, the scorer is normally placed in the
stand-by condition, by depressing the front panel
“POWER OFF-ON" switch 45, as shown in FIG. 2, to
its downward position momentarily. In case of a power
failure, emergency power circuits are activated, as pre-
viously described, applying battery power to the scorer
to allow it to finish its present computation. When the
scorer is de-energized, using “POWER OFF-ON”
switch 45, similar circuits are activated i order to In-
sure that no player word is destroyed during shutdown.

Referring to FIG. 46, at the time when power switch
45 is placed in the “OF” position momentarily, the
output of gate 122 is grounded momentarily causing
delay multivibrator 131 to be triggered and causing the
setting of multivibrator 130. Setting of multivibrator
1930 applies binary one to one of the inputs of solenoid
driver 1932. This particular input has formerly been at
binary zero, allowing the solenoid driver 1932 to remain
locked in its “ON” position. Upon energizing delay
multivibrator 1931, its negation output terminal applies
binary zero to solenoid driver 1932. Prior to energiza-
tion of delay multivibrator 1931, this negation output
terminal of the delay multivibrator applies binary one 1o
the solenoid driver. Thus, up to and including the delay
period of delay multivibrator 1931, at least one input of
the solenoid driver 1932 has remained at binary zero
thus holding the relay 1933 in its energized condition.
However, after the delay period, which is 1.2 seconds in
duration, both inputs of solenoid driver 1932 become
binary one at the same time permitting the solenoid
driver to be de-energized and opening the power relay
1920. Prior to this, however, during the 1.2 second
delay of delay multivibrator 1931, multivibrator 1921
has been reset applying a binary one to solenoid driver
1924 causing the output relay of this solenoid driver,
relay 1925, to be de-energized. This removes all power
from the momeroy supply 1916 and prevents further
shifting in the memory circuitry. Thus, approximately
1.2 second prior to total de-energization of all circuits,
the memory is cut off, so that no transient introduced in
the system during removal of the computing voltages
from bus bars 1906, 1907 and 1908 can cause any de-
struction of information within the memory system of
the scorer. The computer is now in its stand-by condi-
tion and may be re-energized, as previously described,
at any time.

If it is desired to completely shut down the scoring
system, the scorer is first placed in the stand-by condi-
tion, as previously indicated, and the mam power
switch 31 moved to its downward position. This inter-
rupts alternating current power to the scoring device
and to all convenience outlets located in the scorer. It is
unnecessary to de-energize any of the other power sup-
ply switches, for example, switches 32 through 34, 36 or
41, because all power is completely removed by action
of the main power switch 31.

What is claimed 1s:

1. An apparatus for scoring a bowling game for a
multiplicity of players comprising: means for receiving
pinfall information for a multiplicity of players, a single
computation means for computing bowling scores for
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said multiplicity of players connectable to said recetv-
ing means a multi-player storage means for storing
scores earned by said multiplicity of players connect-
able to said single computation means, means for pro-
viding said single computation means with any one of
the stored scores in said multi-player storage means, and
a single control means connected to said single compu-
tation means for directing the computation of bowling
scores for each of said multiplicity of players.

2. An apparatus for scoring a bowling game as speci-
fied in claim 1, wherein said multi-player storage means
is connectable to said single computation means
through a single register in which the computation
means accomplishes all score totalizing.

3. An apparatus for scoring a bowling game as speci-
fied in claim 2, wherein said pinfall receiving means
includes a storage means for receiving a first ball pinfall
and a register for receiving a second ball pinfall.

4. A bowling scorer as specified in claim 2, wherein
said register consists of a series of bi-stable electronic
CIrcuits.

5. A bowling scoring device for scoring a multiplicity
of bowling games simultaneously played on a multiplic-
ity of bowling lanes by a multiplicity of players where
each game consists of a number of scoring frames, each
including pinfall related to the rolling of at least one ball
by a player, comprising: means for receiving pinfall
information indicative of the rolling of a first ball and of
the rolling of a second ball of each scoring frame for a
multiplicity of players bowling on a multiplcity of
bowling lanes, a single computation means for comput-
ing bowling scores attributable to each pinfall total for
said multiplicity of players connectable to said receiv-
ing means for sequentially accepting and processing
said first and second ball pinfall information, a multi-
player storage means for storing scores earned by said
multiplicity of players connectable to said computation
means and control means connected to said computa-
tion means for directing said computation means to
accept pinfall information for a given player bowling on
one of said multiplicity of lanes from said receiving
means without waiting for a second ball pinfall informa-
tion for another player bowling on another of said mul-
tiplicity of lanes to be available in the receiving means
after said other player’s first ball information has been
accepted and processed by the computation means.

6. The invention of claim 5 wherein said control
means comprises means operative after both first and
second ball pinfalls to cause said single computation
means to perform the scoring computation required,
and means operative after the computation performed
after both first and second ball pinfalls for writing the
results of such computation into said memory for subse-
guent use in succeeding computations for the associated
player whereby said single computation means 1S
cleared after each pinfall in readiness to accept scores
and pinfall information for any one of said multiphicity
of players bowling on any one of said multiplicity of
lanes.

7. A bowling scoring device for scoring a team bowl-
ing game, wherein a bowling team alternates its bowl-
ing on two lanes and wherein two players of the team
may simultaneously bowl on two lanes, comprising:
means for receiving pinfall information for players of a
team simultaneously bowling on two lanes, a single
computation means for computing bowling scores for
the players connectable to said receiving means, a mul-
ti-player storage means for storing scores earned by said
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team players connectable to said computation means,
and a single control means connected to said computa-
tion means for control thereof for directing the compu-
tation of player scores of a team simultaneously bowling
on two lanes.

8. An apparatus for scoring a bowling game, wherein
a multiplicity of players bowl and the past history of
each player’s frame-by-frame and ball-by-ball scoring is
indicative of the state of the player’s game when subse-
quent pinfall is supplied which is indicative of the play-
er’s subsequent rolling of a bowling ball, comprising;:
means for supplying pinfall information for a multiplic-
ity of players indiative of each player’s pinfall resulting
from either a first ball or a second ball in a frame, means
for receiving each player’s pinfall information connect-
able to said pinfall supplying means, a single computa-
tion means for computing bowling scores for said multi-
plicity of players connectable to said receiving means, a
multi-player storage means for storing scores earned by
said multiplicity of players connectable to said single
computation means, and a single control means con-
nected to said single computation means and connect-
able to said storage means for directing the computation
of each score based on the respective player’s state, said
control means including means for computing the state
of a player’s game subsequent to each pinfall.

9. An apparatus for scoring a bowling game as Speci-
fied in claim 8, wherein said control means provides a
formula for dictating the computation of each score
based on the respective player’s state and said single
computation means computes each score in accordance
with the formula provided by said control means.

10. A bowling scoring device for scoring a multiplic-
ity of bowling games simultaneously played on a multi-
plicity of bowling lanes by a multiplicity of players
wherein each game consists of a number of scoring
frames, each including pinfall related to the rolling of at
least one ball by a player and wherein the past history of
each player’s frame-by-frame and ball-by-ball scoring is
indicative of the state of the player’s game when subse-
quent pinfall is supplied which is indicative of the play-
er's subsequent rolling of a bowling ball, comprising:
means for supplying pinfall information for a multiplic-
ity of players bowling on a multiplicity of lanes which is
indicative of each player’s pinfall resulting from either a
first ball or a second ball in a frame, means for receiving
pinfall information indicative of the rolling of a first ball
and of the rolling of a second ball of each scoring frame
for the multiplicity of players connectable to said pinfall
supplying means, a computation means for computing
bowling scores attributable to pinfall information for
each of said multiplicity of players connectable to said
receiving means for sequentially accepting and process-
ing said first and second ball pinfall information, a multi-
player storage means for storing a score and the stae of
each player’s game for said multiplicity of players con-
nectable to said computation means, and a control
means connected to said computation means and con-
nectable to said storaze means for directing said compu-
tation means to accept pinfall information for a given
player from said receiving means without waiting for
second ball pinfall information for another player to be
available in the receiving means after said other player’s
first ball pinfall information has been accepted and pro-
cessed by the computation means and to computc a
score for each player based on the player’s state, said
control means including means for computing the state
of a player’s game subsequent to each pinfall.
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11. A bowling scoring device for scoring a bowling
game, wherein a multiplicity of players bowl in accor-
dance with a predetermined set of rules which pre-
scribes scoring resulting from each pinfall indicative of
each rolling of a bowling ball by each player, compris-
ing: means for receiving pinfall information indicative
of every roll of a ball by each of a multiplicity of play-
ers, a control means for providing a formula for dictat-
ing the computation of scores resulting from each pin-
fall, a single computation means connectable to said
control means and to said receiving means for comput-
ing bowling scores for said multiplicity of players re-
sulting from -each pinfall in accordance with the for-
mula provided by said control means, and a mulfi-
player storage means connectable to said computation
means and said control means for storing prior scoring
data of said multiplicity of players.

12. A bowling scoring device for scoring a multiplic-
ity of bowling games simultaneously played on a multi-
plicity of bowling lanes by a multiplicity of players in
accordance with a predetermined set of rules, which
prescribes a number of scoring frames, each including
pinfall related to the rolling of at least one ball by a
player, and which prescribes scoring resulting from
each pinfall, comprising: means for receiving pinfall
information indicative of the rolling of every first ball
and of the rolling of every second ball of each scoring
frame for a multiplicity of players bowling on a multi-
plicity of bowling lanes, a computation means for com-
puting bowling scores attributable to each pinfall total
for said pinfall of players connectable to said receiving
means for sequentially accepting and processing said
first and second ball pinfall information, a storage means
for storing prior scoring data for said multiplicity of
players connectable to said computation means, and
control means connected to said computation means
and connectable to said storage means for directing said
computation means to accept pinfall information for a
given player from said receiving means without waiting
for second ball pinfall information for another player to
be available in the receiving means after said other
player’s first ball pinfall information has been accepted
and processed by the computation means and for pro-
viding a formula for dictating the computation of scores
resulting from each pinfall by said computation means.

13. An apparatus for scoring a set of league bowling
games wherein a pair of bowling teams alternate thetr
bowling on a pair of lanes, wherein each team starts
bowling each game of the set on the opposite lane from
the lane on which it started bowling the previous game,
comprising: means for supplying pinfall information for
players of two teams bowling a set of league bowling
games, means for receiving pinfall information con-
nected to said supplying means, means for effecting
bowling scoring for said players of said teams connect-
able to said receiving means, and automatic means for
determining a lane upon which a team is bowling at any
time during the playing of a set of league bowling
games, connectable to said receivng means for receiv-
ing an indication that a pinfall relating to one of said
lanes has been received by the receiving means and
connectable to said means for effecting scoring to indi-
cate the player whose pinfall has been received by the
receiving means, said determining means including
means for automatically indicating that a team has
changed lanes between the end of one game of a set and
the subsequent game of the set.
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14. An apparatus for scoring a bowling game wherein
a muluplicity of players bowl, comprising: means for
receiving pinfall information for a multiplicity of play-
ers, computation means for computing bowling scores
for said multiplicity of players connectable to said re-
ceiving means, multi-player storage means for storing
scores earned by said multiplicity of players connect-
able to said single computation means, control means
connected to said computation means for control
thereof, a power supply connected to said receiving,
computation and storage means to supply power
thereto and adapted to normally receive electrical
power from an external source, an emergency source of
electrical power connected to supply electrical power
to said receiving computation and storage means when
said external electrical power source fails, means for
detecting a failure of said external electrical power
source connected to said external source, means for
disconnecting said emergency source from said receiv-
Ing, computation and storage means, and means for
determining the completion of a computation and the
storing of a resulting score in said receiving, computa-
tion and storage means connected to said disconnecting
means to actuate il upon the completion of the computa-
tion and the storing of the resulting score.

15. A bowling scoring device for scoring bowling
games, wherein a multiplicity of players bowl and
wherein the past history of a player’s frame-by-frame
and ball-by-ball scoring is indicative of the state of a
player’s game, comprising: means for receiving pinfall
information for a multiplicity of players, a computation
means for computing bowling scores for each of said
multiplicity of players connectable to said receiving
means, a control means connectable to said computation
means for directing the computation of bowling scores
for each of said multiplicity of players, and a multi-
player storage means having a code word for each
player containing player information and connectable
to said computation means and said control means for
utshization of the player information in the computing of
bowling scores.

16. A bowling scorer as specified in claim 15, wherein
said player code word contains a player’s identification,
and said device further includes means for selecting a
player code word from said storage means by said play-
er's identification.

17. A bowling scorer as specified in claim 15, wherein
said computation means includes a register for receiving
a player’s score and each player code word contains a
player's score.

18. A bowling scorer as specified is claim 15, wherein
said control means includes a register for receiving the
state of a player’s game and each player code word
contains the state of a player’s game.

19. A bowling scorer as specified in claim 15, wherein
said device further includes a register for receiving a
player’s frame and each player code word contains
frame information.

20. A bowling scorer as specified in claim 15, wherein
said multiplayer memory is electronic and includes a
plurality of bits for team code words, each contaning a
team’mark total score.

21. A bowling score as specified in claim 15 wherein
said computation means includes a first register for
receiving a player's score; said control means includes a
second register for receiving the state of a player’s
game; said device further including a third register for
receiving a plaver’s frame; and each said player code
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word contains the player’s score, the state of the play-
er’'s game and the player’s frame.

22. In an apparatus for scoring a team bowling game
wherein the scores of a plurality of players bowling as a
team are added to form a team total, the combination of:
an operating register, means connected to the operating
register for transferring player and team code words
containing player and team scores into and out of said
operating register, a second register connected to said
operating register to receive a player's coded score
when the player’s coded word is positioned in said
operating register and to add a player’s score contained
in the second register to the score tn a team coded word
when the team word has been transferred into the oper-
ating register.

23. The invention of claim 22 further including means
for receiving pinfall information relative to said plural-
ity of players bowling as a team, memory means for
storing said player scores during the progress of a bowl-
ing game, and computation means including said operat-
ing register for utilizing pinfall information obtained
from said receiving means for computing said player
SCOres.

24. The invention of claim 22 wherein said operating
register comprises a binary up counter formed of a
plurality of bi-stable electronic elements and said sec-
ond register comprises a binary down counter com-
prised of a plurality of bi-stable electronic elements: and
control means for said second register comprising
means operative at a predetermined point in a bowling
game for loading a player score contained in aid operat-
Ing register into said second register, electronic clock
means for simultaneously causing said second register
to count downwardly and said operating register to
count upwardly, means operative subsequent to said
loading means for effectively enabling said clock means,
and means operative when said second register has been
counted down to zero for effectively disabling said
clock means.

[25. A device for scoring a bowling game wherein a
multiplicity of team players bowl and wherein an indi-
vidual player handicap is to be entered into at least one
player’s score, comprising: means for receiving pinfall
information for a multiplicity of players, a computation
means for computing bowling scores for said muitiplic-
ity of players connectable to said receiving means, mul-
tiplayer storage means for storing scores earned by said
multiplicity of players connectable to said computation
means, a first selecting means for indicating a player
whose score i1s to have an individual handicap value
added thereto connectable to said storage means to
cause the storage means to make the indicated player’s
score available to said computation means for adding
the handicap value, a second selecting means for indi-
cating the handicap value to be added to the indicated
player’s score connectable to said computation to cause
saild computation means to add said handicap value to
the player’s score.}

26. An apparatus for scoring a team bowling game,
comprising: means for receiving pinfall information for
a multiplicity of players bowling on a team, a single
computation means for computing bowling scores for
said multiplicity of players connectable to said receiv-
ing means, a multi-player storage means for storing
scores earned by said multiplicity of players and a team
subtotal score connectable to said computation means,
an mdicating means connected to said storage means for
providing team subtotal score informaticn, and a con-
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trol means connected to said computation means, con-
nectable to said storage means and connectable to said
score indicating means for directing the computation of
individual player total scores and the computation of a
team subtotal score after each individual player total
score 1s computed and for directing said indicating
means to indicate each said team subtotal score after it
15 computed. |

27. An apparatus for scoring a bowling game wherein
a multiplicity of players bowl each bowling frame in a
predetermined sequence and it becomes necessary to
pass by a player who is not prepared to bowl in proper
sequence, comprising: means for recetving pinfall infor-
mation for a multiplicity of players, a computation
means for computing bowling scores connectable to
said receiving means for sequentially receiving pinfall
for said players, a binary electronic counter for indicat-
ing an identification number for a player in a predeter-
mined sequence of players whose pinfall will next be
received by said computation means, a multi-player
storage means for storing scores earned by said multi-
plicity of players connectable to said computation
means and to said binary electronic counter for provid-
ing the stored score of each player to said computation
means when said counter indicates the identification
number of the player, an automatic switching means
connected to said binary electronic counter and to said
computation means to cause the counter to count up-
ward one player identification number whenever the
computation means completes computing bowling
scores resulting from a player’s pinfall it has received
from said receiving means, a manually operated switch-
ing means connected to said binary electronic counter
to cause the counter to count upward one player identi-
fication number whenever said switching means is man-
ually actuated.

28. An apparatus for scoring a bowling game wherein
a multiphcity of players bowl each bowling frame in a
predetermined sequence and it becomes necessary to
allow an out-of-turn player to bowl between two play-
ers who are bowling in the predetermined sequence:
means for receiving pinfall information for a multiplic-
ity of players, a computation means for computing
bowling scores, connectable to said receiving means for
sequentially receiving pinfall for said players, a binary
electronic counter for indicating a binary identification
number for a player in a predetermined sequence of
players whose pinfall will next be received by said com-
putation means, a manually operated selecting means
for indicating a binary identification number for an
out-of-turn player who is bowling between two players
who are bowling in the predetermined sequence, a mul-
tiplayer storage means for storing scores earned by said
multiplicity of players normally connected to said com-
putation means and to said binary electronic counter for
providing the stored score of each player to said com-
putation means when said counter indicates the identifi-
cation of the player, and a manually operated switching
means for connecting said storage means to said manu-
ally operated identification number selecting means and
disconnecting the storage means from said binary elec-
tronic counter to provide the stored score of the out-of-
turn player indicated by the selecting means.

[29. An apparatus for scoring team bowling games
wherein a multiplicity of team players bowl and
wherein a team handicap is to be entered into a team
total score, comprising: means for receiving pinfall
information for a multiplicity of players, a computation
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means for computing bowling scores for said multiplic-
ity of players connectable to said receiving means, a
multi-player storage means having a code word for
each player which contains the player’s score and a
code word for the team total score connectable to the
computation means through an electronic binary regis-
ter in which the computation means accomplishes score
totalizing, a first manually operated selecting means for
indicating a code word for a team whose score is to
have a handicap value added thereto connectable to
said storage means to have the storage means place the
code word for the indicated team in the register, a sec-
ond manually operated selecting means for indicating
the handicap value to be added to the team’s score
connectable to said computation means to cause said
computation means to add said handicap value to the
score contained in the code word in the register.}

30. An apparatus for scoring team bowling games
wherein a multiplicity of team players bowl and
wherein an absent player’s score is to be entered into a
team total score, comprising: means for receiving pinfall
information for a multiplicity of players, a computation
means for computing bowling scores for said multiplic-
ity of players connectable to said receiving means, a
multiplayer storage means having a code word for each
player which contains the player’s score and a code
word for the team total score connectable to the com-
putation means through an electronic binary register in
which the computation means accomplishes score total-
1izing, a first manually operated selecting means for
indicating a code word for an absent player whose score
1S to be added into the team total score connectable to
said storage means to have the storage means place the
code word for the indicated absent player in the regis-
ter, a second manually operated selecting means for
indicating the absent player’s score to be added to the
team total score connectable to said computation means
to cause said computation means to place the absent
player’s score in the code word in the register.

31. An apparatus for scoring a team bowling game
wherein teams of different numbers may be scored,
comprising: means for receiving pintall information for
a multiplicity of players, a computation means for com-
puting bowling scores connectable to said receiving
means for sequentially receiving pinfall for said players,
a binary electronic counter for indicating a binary iden-
tification number for a player in a predetermined se-
quence of players whose pinfall will next be received by
said computation means connected to said computation
means to receive a signal indicative of a completed
computation resulting from a pinfall, a manually oper-
ated team size selection switching means for manually
indicating the number of players bowling on a team, an
electronic multiple gate circuit connected to said elec-
tronic counter and to said switching means for issuing a
signal to said counter to cause said counter to indicate a
first player on another team when the counter receives
a signal from the computation means, and a multi-player
storage means for storing scores earned by said multi-
plicity of players normally connected to said computa-
tion means and to said binary electronic counter for
providing the stored score of each player to said com-
putation means when said counter indicates the identifi-
cation of the player.

32. An apparatus for scoring a bowling game wherein
a multiphcity of players bowl on a lane, comprising:
means for receiving pinfall information for a multiplic-
ity of players, a computation means for computing
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bowling scores connectable to said recetving means for
sequentially receiving pinfall for said players, a binary
electronic counter for indicating a binary identification
number for a player in a predetermined sequence of
players whose pinfall will next be received by said com-
putation means connected to said computation means to
receive a signal indicative of a completed computation
resulting from a pinfall, a manually operated selection
switching means for manually indicating the number of

players bowling on a lane, an electronic multiple gate 10

circuit connected to said electronic counter and to said
switching means for issuing a signal to said counter 10
cause said counter to indicate a first player in said se-
quence when the counter receives a signal from the
computation means, and a multi-player storage means
for storing scores earned by said multiplicity of players
normally connected to said computation means and to
said binary electronic counter for providing the stored
score of each player to said computation means when
said counter indicates the identification of the player.

33. An apparatus for scoring a bowling game wherein
a multiplicity of players bowl, comprising: means for
receiving pinfall information for a multiplicity of play-
ers, an electronic computation means for computing
bowling scores to be printed for said multiplicity of
players connectable to said receiving means, a multi-
player electronic storage means for storing Scores
earned by said multiplicity of players connectable to
said computation means, an electronic code indicating
means connectable to said storage means and adapted to
be connected to a printer to produce electronic signals
usable for the control of a printing means, and an elec-
tronic control means connected to said computation
means for directing the computation of bowling scores
to be printed and connectable to said indicating means
for directing the producing of electronic signals usable
for the control of a printing means.

34. An apparatus for scoring a bowling game wherein
a multiplicity of players bowl on a plurality of bowling
lanes, comprising: means for receiving pinfall informa-
tion for a multiplicity of players bowling on a plurality
of lanes, means for matching pinfall information with a
player’s identification, a single computation means for
computing bowling scores for said multiplicity of play-
ers connectable to said receiving means, a multi-player
storage means for storing scores earned by said multi-
plicity of players connectable to said single computation
means and connected to said matching means to supply
a player’s score to said computation means after said
matching means matches a player’s identification to
pinfall information recorded by said receiving means,
and a control means connected to said single computa-
tion means for directing the computation of bowling
scores for each of the players.

[35. An apparatus for scoring a bowling game hav-
ing a multiplicity of scoring frames in which pinfall
occurs from the rolling of at least one bowling ball,
comprising: electronic means for receiving pinfall infor-
rmation, a computation means connectable to said elec-
tronic pinfall receiving means, an electronic storage
means for storing scores earned by a player as a bowling
game progresses connectable to said computation
means, and electronic control means connected to said
computation means for directing the computation of
bowling scores. ]

[36. An apparatus for scoring a bowling game hav-
ing a multiplicity of scoring frames in which pinfall
occurs from the rolling of at least one bowling ball,
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comprising: means for receiving pinfail information, a
computation means connectable to said pinfall receiving
means and including electronic means for adding pinfall
to a stored score to produce a new score, an electronic
storage means connectable to the electronic adding
means to supply a stored score, and a control means
connected to said computation means for directing the
computation of bowling scores. }

37. In a bowling scoring apparatus for computing the
computation bowling scores of a plurality of players for
each frame in a bowling game wherein the scores are
based upon pinfall earned and bonus values for strikes
and spares, the combination of means for providing
pinfall information relative to each of said plurality of
players; a single counting register comprised of a plural-
ity of bi-stable electronic elements, said register having
at least one input for receiving said pinfall information
and for receiving cumulative score information relative
to each of said plurality of players; a multi-player elec-
tronic memory comprised of a multiplicity of bi-stable
bits, said multiplicity of bits forming a plurality of
words, one for each of said plurality of players, each
word being adapted to contain cumulative score and
computation control information based upon the past
pinfall history of the player for its associated player; a
single computation control register comprised of a plu-
rality of bi-stable electronic elements for receiving said
computation control information relative to each of said
plurality of players; means for reading the contents of a
selected one of said plurality of words in said memory
corresponding to a selected one of said plurality of
bowlers into said registers so that said cumulative score
information will be placed in said counting register and
said computation control information will be placed 1n
said computation control register; means, including a
first electronic gating circuit, responsive to the compu-
tation control information in said computation control
register for causing the addition of said pinfall informa-
tion to aid cumulative score information for each of said
plurality of players in said counting register including
bonus values for strikes and spares in accordance with
said computation control information to compute the
updated cumulative score for each frame for the corre-
sponding one of said plurality of bowlers; means, in-
cluding a second electronic gating circuit, responsive to
said computation control information and to said pinfall
information for updating the computation control infor-
mation for each of said plurality of players whereby the
updated computation control information may be subse-
quently used to direct subsequent computation; and
means for writing said updated cumulative score and
said updated computation control information into the
memory word for the corresponding one of said plural-
ity of players whereby the information may be subse-
quently utilized in the computation of subsequent cumu-
lative scores for the corresponding player.

38. A bowling scoring apparatus that is sutted for
simultaneous computing of bowling scores of bowling
games rolled on a plurality of lanes according to claim
37 further including a plurality of said pinfall informa-
tion providing means, one for each of said plurality of
lanes, each of said pinfall information providing means
being operable after each ball is rolled on the corre-
sponding lane, means for operating said reading means
after each operation of any one of said plurality of pin-
fall information providing means so that computation
may take place as required; and means for operating
said writing means after each operation of said reading
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means to preserve the information in said registers in
said memory for use in subsequent computation
whereby said registers may be cleared without destroy-
ing information in readiness to accept information rela-
" tive to another player bowling on another lane.

39. A bowling scoring apparatus according to claim
37 further including bowling score error correction
means; said error correction means COmprising: means
for selecting the word in the memory corresponding to
the player whose bowling score is to be corrected and
for causing said reading means to read said selected
word into said registers, means for entering correct
bowling score information into said registers, and means
for causing said writing means to write said selected
word containing said correct bowling score information
into said memory whereby said corrected bowling
score information may be used for subsequent computa-
tion.

40. In a bowling scoring device for simultaneously
computing bowling scores achieved by a plurality of
players bowling on a plurality of lanes, the combination
of: means for providing pinfall information after each
ball is rolled relative to each of said plurality of bowlers
bowling on each of said plurality of lanes; computation
means connectable to said pinfall information providing
means for computing the bowling scores of each of the
plurality of players: memory means including means
associated with each of said plurality of players for
storing information relative to the past history of the
bowling game bowled by each respective one of said
plurality of players; a single control means for receiving
past history information after each ball 1s rolled and for
actuating said computation means to cause the latter to
perform such computation as may be required by said
past history information after pinfall information is pro-
vided after each ball is rolled; player identification
means for associating pinfall information with the
player achieving the same; and means associated with
said player identification means for providing said sin-
gle control means with the past history information
from said storing means that corresponds to the player
whose pinfall information has been provided by said
pinfall information providing means after each ball 1s
rolled, whereby pinfall information of one player may
be processed by said scoring device after another player
has rolled a first ball in a frame and before said another
player has rolled a second ball in a frame.

41. The bowling scoring device of claim 40 further
including a plurality of temporary storage means, one
for each of said plurality of lanes, for storing first ball
pinfall information for subsequent use in the event an
illegal ball is rolled as the second ball in a frame, said
temporary storage means being connected to said pin-
fall information providing means and connectable to
said computation means.

42. The bowling scoring device of claim 40 wherein
said past history information is stored as one of at least
the following states of a player’s game—

first: ball following an open frame

second: first ball following a single strike

third: second ball in an open frame (if not preceded

by a strike

fourth:first ball following two strikes

fifth: second ball in a frame following a strike

sixth: first ball following a spare
said scoring device further including means for receiv-
ing said pinfall information and said past history infor-
mation in the form of one of said states and for updating
said state after each ball bowled by a player for subse-
quent use in directing computation of that player’s score
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following the rolling of the next succeeding ball by that
player.

43. The bowling scoring device of claim 42 wherein
said updating means comprises an electronic gating
matrix having inputs for receiving signals representative
of the existence of any one of said states and a signal
representative of a pinfall of ten, and outputs for provid-
ing signals representative of the updated state.

[44. In a bowling scorer for calculating scores of a
bowling game wherein balls are rolled during each of a
succession of scoring frames, the combination of: a
means for receiving pinfall information, means for total-
izing pinfall fall information connected to said pinfall
receiving means, and means for producing frame and
total game scores connected to said totalizing means,
said totalizing means and said score producing means
comprising semiconductor electronic elements.

45. The bowling scorer of [claim 44 claim 48 fur-
ther including a memory having a code word for each
of a multiplicity of players of which a portion of each
word is a player’s identification code, means for select-
ing an identification code of a player, and a comparator
for comparing the identification code selected by said
selecting means and the identification code portion of
each of said code words.

46. A bowling scorer as specified in claim [44]48,
wherein said score producing means includes means for
producing individual ball scores for both the first and
second balls rolled during each frame.

47. A bowling scorer as specified in claim 144748,
wherein said score producing means includes means for
producing ball scores, frame scores, total game scores,
and total team scores.

48. [A bowling scorer as specified in claim 44,
wherein] In a bowling scorer for calculating scores of a
bowling game wherein balls are rolled during each of a
succession of scoring frames, the combination of. a means
for receiving pinfall information, means for totalizing pin-
fall information connected to said pinfall receiving means,
and means for producing frame and total game scores
connected to said totalizing means, said totalizing means
and said score producing means comprising semiconduclor
electronic elements said totalizing means [includes]
including a memory containing a code word for each
one of a multiplicity of players and a single computing
unit connected to said memory to receive any one of
said words for totalizing pinfalls for each of said multi-
plicity of players.

49. A bowling scorer as specified in claim 48, wherein
each said word contains the determinable earned score
of a player at a given point in a bowling game and an
instruction for subsequent computation of a score; and
said computing unit is connectable to said memory 1o
receive at-least one of said words for totalizing pinfall
cournts in accordance with the instruction of said word;
and wherein said score producing means includes means
for computing a new instruction; and means for return-
ing said one word to said memory.

50. The bowling scorer of claim 48 wherein said
memory is an electronic serial memory containing a
binary code word for each one of a multiplicity of play-
ers.

51. A bowling scorer as specified in claim 50, wherein
said totalizin’g means includes an electronic serial regis-
ter connected to said memory to receive said words
sequentially and means for sequentially shifting said
words from said memory to said register and from said

register to said memory.
o *x ¥ | *
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