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GAMING MACHINE POWER FAIL
ENHANCEMENT

FIELD OF THE INVENTION

[0001] This invention relates to gaming machines. More
particularly, the invention relates to components for an
electronic gaming machine and to a method of operating an
electronic gaming machine.

BACKGROUND OF THE INVENTION

[0002] A trend in the gaming industry has been to use PC
technology where possible instead of proprietary custom
hardware and software. The Gaming Standards Association
(GSA), an USA association of gaming machine manufac-
turers, peripheral manufacturers and operators, has been
working towards standardising a communication protocol
between a controller of an electronic gaming machine
(EGM) and its peripherals based on universal serial bus
(USB) technology, called B-Link. The intent is to standar-
dise communication for virtually all peripherals in the EGM
Currently work is active on the coin hopper, bank note
acceptor, coin acceptor, and printer.

[0003] Traditionally, EGM’s have been custom designed
to meet the specific requirements of gaming regulations
promulgated by gaming control authorities. One important
requirement is to maintain the integrity of critical data when
the EGM loses power.

[0004] Critical data includes accounting information
known as meters) stored in battery backed static random
access memory (SRAM), also referred to in this specifica-
tion as meter RAM. Such memory chips have, to date, been
directly interfaced to the main CPU of the EGM, enabling
fast access to meter RAM. To comply with gaming regula-
tions such as those in Australia, redundancy in the meter
RAM has been used. For example, in Australia, three meter
RAM chips are used, each storing the same data. In the event
of a memory corruption in a single meter RAM chip, the
other two chips are used to correct and restore the data.

[0005] Some meter information is also displayed on
tamper resistant electro-mechanical counters, also known as
mechanical meters. These mechanical meters are visible to
an auditor and show cumulative values rather than dupli-
cating the information in meter RAM as, unlike meter RAM
the mechanical meters cannot be reset to zero.

[0006] Updates to meter RAM must be completed as a
single, uninterruptible transaction (ie. atomic); such that,
once the update to the meter RAM has started, it must be
completed. For example, if money is moved from one meter
to another, it must first be subtracted in total from one meter
then added to another. To avoid the loss of money in the
event of a power failure, it must not be possible for a power
fail to prevent the addition of the money to the second meter
once it has been subtracted from the first meter.

[0007] In the case of mechanical meters, once the meter
has started clicking over from one position to the next, it
must continue to do so for the time required to guarantee
correct operation (typically 25 ms), otherwise when power
is restored to the EGM, it is not possible to determine the
actual mechanical meter value.
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[0008] In a conventional EGM, the mains power supply
senses the mains power input and when it is detected to be
failing, the power supply generates a power fail warning to
the controller of the EGM. The time between the power fail
warning and the power actually failing is known as the
hold-up time. What is meant by “failing” is that the power
supply is outside normal operating parameters or specifica-
tions, ie. it may be that power is available but it is insufficient
for the EGM to operate correctly or at all.

[0009] Once a power failure has been detected, the con-
troller completes any in-progress updates to meter RAM and
the mechanical meters and accepts no further updates. The
power supply is designed to have sufficient hold-up time for
the controller to shut the EGM down in an orderly manner,
adding considerable cost to the power supply.

[0010] An important effect of the change from custom
hardware and software to standard PC technology is the lack
of control in the response time of the controller to external
or peripheral events. The GSA B-Link standard recognises
this problem and, rather than customise the PC standard
hardware/software to meet these real-time requirements, the
standard changes the requirements of the peripherals and
peripheral communications protocols. Critical peripherals
store the critical data sent to the EGM controller, even over
power down/up, until its receipt has been acknowledged by
the EGM controller.

[0011] Jackpot controllers interface to a number of gaming
machines and provide a network based prize. Jackpot con-
trollers require data to be reliably stored over the power
failure interval.

SUMMARY OF THE INVENTION

[0012] According to a first aspect of the invention, there is
provided an operating system for a gaming system, the
operating system including:

[0013] a data producer which generates non-repro-
ducible data relating to a transaction carried out in
respect of the gaming system;

[0014] a data consumer in communication with the
data producer for storing data relating to the non-
reproducible data; and

[0015] a game controller in communication with the
data producer and the data consumer which effects
communications between the data producer and the
data consumer by means of a transaction-based pro-
tocol.

[0016] In this specification, the term “transaction” is to be
understood as non-reproducible data which needs to be
processed in its entirety or, as it is referred to in the industry,
atomically. It is not possible for a transaction to be partially
processed, particularly in the event of a power failure.

[0017] In one embodiment of the invention, the gaming
system may be a stand-alone gaming machine. Then, the
data producer may be a peripheral device of the gaming
machine. The peripheral device may be selected from the
non-exhaustive group of a bank note acceptor, a coin hopper,
a coin acceptor, a printer, an electromechanical meter and
combinations of the aforegoing.
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[0018] The data producer may include a non-volatile
memory means in which the non-reproducible data, which
arises from an event that has occurred at the data producer,
are stored. The non-reproducible data relating to the trans-
action may be fed to the game controller as a transaction
message.

[0019] The transaction message from the data producer
may include transaction identification data which are unique
to the transaction that has occurred at the data producer.
Further, the transaction message may include data relating to
an identity of the data producer.

[0020] Typically, the data consumer is meter random
access memory (RAM) or SRAM of the gaming machine.
The RAM may form part of a meter RAM controller board,
the controller board including a transaction processing
means and a power status indicating means. The power
status indicating means may form part of a power supply
unit of the meter RAM controller board.

[0021] The RAM may include multiple meter RAM chips
for data redundancy. Updates to the meter RAM chips may
be performed in any suitable order. For example, each chip
may be updated fully before starting on a following chip or
the chips may be updated in parallel.

[0022] In another embodiment of the invention, the gam-
ing system may be a distributed gaming system comprising
at least one gaming machine communicating with a server.
In this embodiment, the data producer may be a peripheral
device of the at least one gaming machine. Once again, the
peripheral device may be selected from the non-exhaustive
group of a bank note acceptor, a coin hopper, a coin acceptor,
a printer, an electromechanical meter and combinations of
the aforegoing.

[0023] The data consumer and the game controller may be
constituted by the server. The data consumer may comprise
a hard disk drive and associated software. The data con-
sumer may further include a power supply means with a
power status indicating means.

[0024] The transaction-based protocol may be a USB
protocol.

[0025] According to a second aspect of the invention,
there is provided a method of operating a gaming system, the
method including the steps of

[0026] generating non-reproducible data relating to a
transaction carried out in respect of the gaming
system,

[0027]
and

storing data relating to the non-reproducible data;

[0028] using a transaction-based protocol in a game
controller to effect communication between a data
producer that generated the non-reproducible data
and a data consumer in which the data relating to the
non-reproducible data are stored.

[0029] The method may include, when an event occurs at
the data producer, storing the non-reproducible data relating
to the transaction associated with the event in a non-volatile
memory of the data producer.

[0030] The method may include, when the event occurs,
generating a transaction message at the data producer and
supplying the transaction message to a game controller of
the gaming system, the transaction message including a
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transaction-ID relating to an identity of the transaction and
a producer ID relating to the data producer of the gaming
system at which the transaction occurred.

[0031] Then, the method may include, when the transac-
tion message is received by the game controller, updating a
memory of the game controller.

[0032] The data consumer may be a meter of the gaming
system and the method may include using the game con-
troller to calculate new meter values for the data consumer.

[0033] The method may include creating a new transaction
message, incorporating the same transaction-ID and pro-
ducer-ID, at the game controller and forwarding the new
transaction message to the data consumer to update meter
values in the data consumer. Further, the method may
include, after processing of the message, returning an
acknowledgment message, with the same transaction-ID and
producer-ID, from the data consumer to the game controller.

[0034] The method may include passing the transaction-
ID and the producer-ID in the acknowledgment message
from the game controller to the data producer at which the
event occurred. The method may include deleting the origi-
nal non-reproducible data from a memory means of the data
producer when the data producer receives the acknowledg-
ment with the same transaction-ID from the game controller.

[0035] The method may include using a USB protocol as
the transaction-based protocol.

[0036] According to a third aspect of the invention, there
is provided a data storage sub-assembly for a gaming
system, the sub-assembly including:

[0037] a data storage means for storing data relating
to non-reproducible data relating to a peripheral
device of the gaming system;

[0038] a transaction processing means for processing
the non-reproducible data relating to the peripheral
device of the gaming system; and

[0039] a power status indicating means for providing
an indication of power status to the transaction
processing means.

[0040] The sub-assembly may include a local power sup-
ply unit which receives power from a main power supply
unit of the gaming system, the local power supply unit
including the power status indicating means for providing
data relating to power status to the transaction processing
means.

[0041] The data relating to the non-reproducible data may
include information relating to an unique transaction iden-
tification means and an unique peripheral device identifica-
tion means and, when the transaction processing means
receives a message relating to a transaction effected by, or at,
the peripheral device is received, the transaction processing
means may use the information to determine if that message
had previously been received and the data contained in that
message stored.

[0042] According to a fourth aspect of the invention, there
is provided a meter assembly for a gaming system, the meter
sub-assembly including:

[0043] at least one electromechanical meter which
records data relating to transactions occurring in the
gaming system; and



US 2005/0170893 A1l

[0044] a local power supply unit associated with said
at least one electromechanical meter, the local power
supply unit being powered by a power supply unit of
the gaming system and the local power supply unit
providing sufficient hold-up time to enable said at
least one electromechanical meter to complete a data
recording operation in the event of a power failure.

[0045] The term “hold-up time” is to be understood as the
time for which sufficient power is supplied by a power
supply unit to a powered device, when a power supply
failure is detected, to enable a transaction to be completed by
the powered device before the gaming machine is shutdown.

[0046] Preferably, a plurality of electromechanical meters
or counters are mounted on a board with the local power
supply unit, a power fail detect/warning means, a meter
update means, a non-volatile memory means and a commu-
nication means for communicating with a controller of the
gaming system.

[0047] The meter update means may be operable to vary
the sequence of power to the meters during the hold-up time.
For example, when eight electromechanical meters are pro-
vided, only one meter may be powered at a time and only
one eighth of the power is required but would take eight
times as long.

[0048] The meter update means is, preferably, a micro-
controller but could also be implemented in the form of
dedicated logic such as a field programmable gate array.

[0049] The communication means preferably makes use
of a universal serial bus (USB) interface.

[0050] An alteration in state of the at least one electrome-
chanical meter when it records data relating to transactions
occurring in the gaming system may constitute non-repro-
ducible data to be stored in a data consumer of the gaming
system.

[0051] The mechanical meters may be the producer of the
first aspect of the invention.

[0052] According to a fifth aspect of the invention, there
is provided a method of updating data on meter RAM of a
gaming system, the method including the steps of:

[0053] creating a backup copy of original meter data
and storing the backup copy in a predetermined,
second data storage location of a memory device of
the meter;

[0054] receiving new meter data and overwriting the
original meter data at an original, first data storage
location of the memory device; and

[0055] prior to implementing the action of overwrit-
ing the data, changing the status of a status indicating
means.

[0056] The status indicating means may be a flag and the
method may include examining the status of the flag every
time power is restored after a power failure to determine if
the power failure interrupted a meter update.

[0057] The method may include, if there has been an
interruption to the meter update, using the contents at the
second data storage location to restore the original meter
data.
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[0058] The method may include writing the data at the
second data storage location to the first data storage location
to overwrite any data at the first data storage location
potentially corrupted due to the power failure.

[0059] Further, the method may include, once an update
transaction has been received by the memory device and a
backup copy has been made, changing the flag status to
“updating”. Still further the method may include processing
the transaction and, when complete, changing the flag status
to “not updating”. If power fails before the flag is first
changed to “updating”, then the data at the first data storage
location is not modified and, when power is restored, the
original meter values are unchanged. If power fails after the
flag has been changed to “updating” but before it has been
changed back to “not updating”, then the backup copy can
be used to restore the original data. If the power fails after
the flag has changed status back to “not updating” then the
transaction has been completed successfully and the power
failure will not have corrupted the data.

[0060] According to a sixth aspect of the invention, there
is provided a data updating arrangement for meter RAM of
a gaming system, the data updating arrangement including:

[0061] a memory device including a first data storage
location for storing original meter data; and a second
data storage location for storing a backup copy of the
original meter data and for enabling new meter data
to be written to the first data storage location; and

[0062] an update status indicating means for indicat-
ing the status of updating data at the first data storage
location.

[0063] The update status indicating means may be in the
form of an update status flag which indicates the status of a
meter update at the first data storage location. The status flag
may take one of two states, either “updating” or “not
updating”. This flag may be examined every time power is
restored to the data updating arrangement after a power
failure to determine if the power failure interrupted a meter
update. If an interruption did occur, the contents at the
second data storage location may be used to restore the
original meter data. In other words, the data at the second
data storage location may be written to the first data storage
location to overwrite any data at the first data storage
location that may have been corrupted due to a power
failure.

[0064] Once an update transaction has been received by
the memory device and a backup copy has been made, the
flag status may be changed to “updating”. The transaction
may then be processed and, when complete, the flag status
may be changed back to “not updating”. If power fails
before the flag is first changed to “updating”, then the data
at the first data storage location is not modified and, when
power is restored, the original meter values are unchanged.
If power fails after the flag has been changed to “updating”
but before it has been changed back to “not updating”, then
the backup copy can be used to restore the original data. If
the power fails after the flag has changed status back to “not
updating” then the transaction has been completed success-
fully and the power failure will not have corrupted the data.

[0065] According to a seventh aspect of the invention,
there is provided an electronic gaming machine which
includes:

[0066] a game controller board including a game
controller;
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[0067] at least one peripheral device by means of
which a game transaction is effected, said at least one
peripheral device communicating with the game
controller by means of a transaction-based protocol;
and

[0068] a data storage sub-assembly for storing data
relating to said transaction, the data storage sub-
assembly communicating with the peripheral device
and the game controller by means of the transaction-
based protocol, the data storage sub-assembly
including a dedicated controller for controlling
operation of the data storage means.

[0069] The data storage sub-assembly may include a local
power supply which receives power from a main power
supply of the gaming machine. The local power supply may
communicate with the dedicated controller of the data
storage sub-assembly to alert the controller of the data
storage means to a power fail event to enable the controller
to effect recording of data during a hold-up time of the local
power supply.

[0070] The transaction-based protocol may be a USB
protocol.

BRIEF DESCRIPTION OF THE DRAWINGS

[0071] The invention is now described by way of example
with reference to the accompanying drawings in which:

[0072] FIG. 1 shows a block diagram of an electronic
gaming machine, in accordance with an aspect of the inven-
tion;

[0073] FIG. 2 shows a communication data flow diagram
of storing data relating to a transaction of the gaming
machine, also in accordance with the invention;

[0074] FIG. 3 shows a simplified block diagram of how
meters are updated, in accordance with the invention, in
respect of a simple spinning reel game played on the gaming
machine;

[0075] FIG. 4 shows a simplified block diagram of a
distributed gaming system implemented in accordance with
an aspect of the invention; and

[0076] FIG. 5 shows a simplified block diagram of a
mechanical meter board, in accordance with another aspect
of the invention, of a gaming machine

DETAILED DESCRIPTION OF THE
INVENTION

[0077] Referring initially to FIG. 1 of the drawings,
reference numeral 10 generally designates a gaming
machine in accordance with an aspect of the invention. The
gaming machine 10 includes a game controller board 12
which incorporates a game controller 14. The gaming
machine 10 further includes a plurality of peripheral devices
indicated generally at 16. Some of these peripheral devices
16 such as a bank note acceptor 18, a coin hopper 20, a coin
acceptor 22, a mechanical meter board 24 and a printer 26
produce non-reproducible data and are also referred to
below as data producers or producers

[0078] The peripheral devices 16, in general, communi-
cate with the game controller board via a transaction-based
protocol 28. The protocol 28 is a USB protocol. Accord-
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ingly, a USB root hub 30 is incorporated on the game
controller board 12. The root hub 30 communicates with the
peripheral device 16 through a USB hub 32.

[0079] A data consumer in the form of a meter RAM
controller board 34 communicates with the game controller
board 12 and the peripheral devices 16 via the USB hub 32.

[0080] Each meter RAM controller board 34 includes a
data storage means in the form of meter RAM 36. For
redundancy purposes, the meter RAM 36 comprises a plu-
rality of meter RAM chips. For example, the meter RAM 36
includes three meter RAM chips, each of which stores the
same transaction-based data The meter RAM 36 is con-
trolled by a dedicated microcontroller 38.

[0081] Each board 34 further includes a local power
supply 40. The local power supply 40 is powered by a main
power supply 42 of the gaming machine.

[0082] Other peripheral devices which communicate with
the game controller board 12 are a touch screen 46, a light
tower 48 and a progressive display 50. However, these latter
peripheral devices 46, 48 and 50 do not generate non-
reproducible data and need not have a transaction-based
protocol associated with them.

[0083] The game controller board 12 includes a memory
storage means in the form of a hard disk 52. The game
controller board 12 further controls, in a conventional fash-
ion, information which is displayed on a display unit 54 of
the gaming machine and audible data which is output on a
sound system 56 of the gaming machine 10.

[0084] In accordance with regulatory requirements, cer-
tain data has to be recorded on the meter RAM 36 of the
gaming machine 10 for auditing purposes and for record
keeping purposes. The data includes, in general, money or
monetary value which is either received from a player of the
gaming machine 10 or is paid to the player. In this specifi-
cation, a transaction is regarded as an atomic transaction, ie.
one which must be completed in its entirety so that accurate
records can be kept. In particular, the gaming machine 10
cannot fail during the recording of the transaction otherwise
incomplete data may be recorded or the transaction itself
may be incomplete. In other words, it is a transaction which
can never only be partially processed, even in the event of
a power failure.

[0085] In the description which follows, certain items of
terminology have certain meanings assigned to them as
follows:

[0086] A “transaction-ID” is an identifier that uniquely
identifies a transaction. The number of different transaction
ID’s used is finite and can be limited by the number of
simultaneous transactions which can occur in the gaming
machine 10.

[0087] A “consumer” receives a transaction, takes some
action and returns an acknowledgment message with the
same transaction-ID. In this case, the consumer is the meter
RAM controller board 34.

[0088] A “producer” is the source of a transaction. Thus,
one of the peripheral devices 18, 20, 22, 24 or 26 could be
a producer as it creates a transaction in response to money
or money’s worth inserted into the gaming machine by the
player 10 or paid out to the player of the gaming machine 10,
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as the case may be. Although the mechanical meters 24 of
the gaming machine do not receive or pay out money or
monetary value to the player, they record payments made or
received as a backup to the meter RAM 36 of the gaming
machine 10 and are not able to be reset as is the case in
respect of the meter RAM 36. Accordingly, the meters of the
mechanical meter board 24 produce critical data and, as
such, are considered to be producers.

[0089] “Critical data” is to be understood as data which
are non-reproducible. They are data which are generated by
one of the peripheral devices 16 that cannot be derived from
any other data in the gaming machine 10. Typically, they are
user input or input/output from the peripheral devices 16 and
are stored in non-volatile memory in the peripheral devices
16 so that they are not lost when power fails. A transaction-
ID created by any one of the producers is also non-repro-
ducible data. Conversely, reproducible data can be derived
from the non-reproducible data.

[0090] A “producer-ID” is one that uniquely identifies the
producer of the transaction

[0091] A “message” is a communication from one com-
ponent of the gaming machine 10 to another. In this case, a
message is a communication between one of the producers
18, 20, 22, 24, 26 and the transaction processor/game
controller board 12 of the gaming machine 10 or between the
transaction processor/game controller board 12 and the data
consumer in the form of the meter RAM controller board 34.

[0092] For the sake of simplicity, the way in which com-
munications are effected by the gaming machine 10 is
described as sending and receiving messages. Those skilled
in the art will appreciate that, in practice, at the lower
protocol levels, USB has master/slave architecture with the
master polling slaves to see if they have messages which are
to be sent.

[0093] The game controller board 12 controls the execu-
tion of the game logic, game outcome, display 54, and
peripheral devices 16. The meter RAM controller board 34
contains the meter RAM 36, a transaction processing means
in the form of the microcontroller 38, the local power supply
40 and a local power fail detection/warning means 58. The
microcontroller 38 also serves as the communication inter-
face to the game controller board 12. Updates to meter RAM
36 are directly controlled by the microcontroller 38 which
receives transaction messages from the game controller 14
and updates the meter RAM 36 accordingly. The transaction
processing means could be implemented in dedicated logic
such as a field programmable gate array (FPGA), instead of
being a microcontroller.

[0094] In use, to update the meter RAM 36, the game
controller 14 creates a message containing those updates
required and sends it to the meter RAM controller board 34.
Preferably, the message consists of a list of memory
addresses and new data values, the transaction-ID and
producer-ID as well as error checking and other protocol
overhead as required.

[0095] After a power-up it is possible for a message from
the relevant peripheral device 18, 20, 22, 24 or 26 to be
repeated, and it is important that the microcontroller 38 of
the meter RAM board 34 not process the message more than
once. The microcontroller 38 stores in meter RAM 36 the
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transaction-ID of the last message for each peripheral device
18, 20, 22, 24 or 26, identified using the producer-ID, of the
gaming machine 10.

[0096] Instead, the game controller 14 passes the repeated
message to the microcontroller 38 which acknowledges the
repeated message without processing it further. Preferably
however the game controller 14 uses this data simply to
acknowledge a repeated message itself, rather than resend-
ing it to the microcontroller 38 of the meter RAM controller
board 34, as would otherwise be the case.

[0097] In animplementation where the game controller 14
caches the meter RAM this would cause the meter RAM 36
and cached meter RAM to become different. Consequently,
in this case, after the microcontroller 38 processes the
message, the appropriate meters in the cache are reloaded
from the meter RAM 36.

[0098] Before starting to update the meter RAM 36, the
microcontroller checks the local power fail warning 58 and,
if power is in order, the meter update starts. If the power has
started to fail, the meter update is not started and when
power fails the entire transaction is lost. Once started the
update must run until completion and the power fail hold-up
time is designed to be sufficient for the longest meter update
sequence possible. Included in the transaction is the trans-
action-ID and producer-ID. To enable the gaming machine
10 to restore data correctly after a power fail, the meter
RAM microcontroller 38 stores the last transaction-ID pro-
cessed for each of the relevant peripheral devices 18, 20, 22,
24 or 26 of the gaming machine 10.

[0099] Meter update transactions are quite short and can
be written to meter RAM 36 quickly. For example, a
maximum sized transaction of 256 bytes can be written in
under 1 ms. The power supply hold-up requirement of the
meter RAM controller board 34 for this short time is much
easier to meet than is required in a conventional gaming
machine 10 where the far more powerful main CPU and
associated logic must be powered and a customised power
supply is needed.

[0100] As indicated above, in some implementations, the
meter RAM 36 comprises multiple RAM chips for data
redundancy. For example, in Australia, the meter RAM 36
comprises three RAM chips. Memory updates may be
performed in any suitable order. For example, each memory
chip may be updated fully before starting on another or the
memory chips may be updated in parallel with the meter
value being updated in each memory chip before moving on
to the next meter value.

[0101] In another implementation, the meter RAM con-
troller board 34 uses a power fail detection of the main
supply 42 but with its own local power supply hold-up.
While the main power supply 42 is still operating the local
power supply 40 is also certain to be operating. This
simplifies the design of the meter RAM controller board 34
slightly although the main power supply 42 now requires
power fail detection.

[0102] The duration of the power supply warning 58 can
be reduced to that of a single memory write by allowing the
meter update to potentially fail but detecting and undoing
these failed updates when power is restored. This results in
a dramatic improvement as the hold-up time is reduced to
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the time it takes to update, at most, several memory locations
instead of the previous requirement to update all memory
locations in the transaction.

[0103] To achieve this, before updating the new meter
RAM values, a backup copy of the original meter RAM data
is made in a location of the meter RAM 36 reserved for this
purpose. The backup copy contains the original data, that
data’s original memory location, and a count of the number
of data values in the backup buffer. In the event of a power
failure and the meter RAM 36 not being fully updated, this
backup copy is used to restore the original state of the meter
RAM 36.

[0104] An update status flag indicates the state of meter
update and takes one of two states, either “updating” or “not
updating”. This flag is examined every time the power is
restored to the board 34 to determine if a power failure
interrupted a meter update, and if it did the contents of the
backup memory are used to restore the original meter data.

[0105] Once the update transaction has been received and
the backup copy has been made, the flag status is changed
to “updating”. The transaction is processed and, when com-
plete, the flag is changed back to “not updating”. If the
power fails before the flag is first changed to “updating”,
then the meter RAM 36 is not modified and, when power is
restored, the original meter values are unchanged. If the
power fails after the flag has changed to “updating”, but
before it has changed back to “not updating”, then the
backup is used to restore the original data. If the power fails
after the flag has changed back to “not updating” then the
transaction has completed successfully.

[0106] The power fail hold-up may be as small as the time
it takes to start and complete a single memory write to the
update status flag, which will typically be under 100 ns for
a static RAM (SRAM) chip. For a complete meter update
that takes 100 uS, this is an improvement of 1000 times.

[0107] As previously described, some implementations
will have multiple redundant RAM chips storing the same
data, for example, three meter RAM chips. When the update
status flag is written to indicate the completion of the update,
consideration needs to be given to power failing after
updating the status flag for one meter RAM chip and before
updating another. In such a case, all meter RAM chip data
would be individually valid but different. One meter RAM
chip may contain the original data while others may contain
the data after the completed transaction. In a sense they are
both correct but only one can be used.

[0108] Two methods can be used to resolve this situation.
One meter RAM chip could be chosen either, arbitrarily, the
most up to date or, when possible, by a majority vote
amongst them and the contents of the chosen chip copied to
the others, making them identical. Preferably, however, all
the meter RAM chip update operations, except the final flag
update, are completed for each of the meter RAM chips. The
status flags are then updated consecutively for each of the
meter RAM chips as fast as possible. The power hold-up
requirement is increased to cover the time from the first to
last status flag write, ie. three write cycles in the case of three
meter RAM chips, which is typically less than 1 uS.

[0109] Instead, in another implementation, the updated
transaction can be processed as soon as the message starts to
arrive without waiting for the end of the message to be
received. This allows the transaction to be processed more
quickly and improves the response time. In this implemen-
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tation, the backup copy is created as the meter update
progresses as follows: backup each word before overwriting,
then process the next word rather than in one go before the
meter update starts A counter of the number of meter values
written must also be kept to enable the correct number of
words to be restored in the event of a power fail. Again the
hold-up time is reduced to a single memory write but this
time it is the counter value that must be written correctly. In
the event of a communication error in the message, the
update is cancelled and the original contents of the meter
RAM are restored.

[0110] The playing of a game and the control sequence
used to update meters proceeds as in a traditional gaming
system. FIG. 3 shows how meters are updated in a simple
spinning reel game. Each of the blocks, START 60, REEL
SPIN 62, and END 64, represent stages of the game in which
meter updates are atomic, but between which the power may
fail and be restored. Within these blocks 60, 62 and 64,
non-reproducible data, such as player inputs, credit infor-
mation and random number output are stored. All other data,
such as that used in-between these states, can be derived
from these non-reproducible data. As the meter RAM 36 is
updated, a pointer 66 keeps track of where the updates occur.
Should the power be interrupted, this pointer 66 is used to
determine the correct state to restart the game.

[0111] Referring to FIG. 2, the architecture of the gaming
machine 10 is more complex and inherently slower due to
creating and processing transactions, and the less direct
coupling of the meter RAM 36 to the game controller 14, but
has the aforementioned advantages.

[0112] Typically, in response to external events, a pro-
ducer 18, 20, 22, 24, 26 creates non-reproducible data and
stores the data in its own non-volatile memory. The producer
18, 20, 22, 24, 26 then creates a transaction message with a
new transaction-ID and sends it to the transaction processor
(the game controller 14) as shown at 68. The transaction
processor transforms the transaction message and sends it to
the consumer (the meter RAM 36) as shown at 70. After
processing the message, the consumer returns an acknowl-
edge message as shown at 72 with the same transaction-ID
back to the transaction processor which, in turn, passes it
back to the original producer 18, 20, 22, 24, 26 as shown at
74. When the producer 18, 20, 22, 24, 26 receives the
acknowledgment with the same transaction-ID as the origi-
nal message it created, the producer 18, 20, 22, 24, 26
deletes the non-reproducible data from its non-volatile
memory.

[0113] The consumer stores in non-volatile memory the
transaction-ID of the last message it processed. Should the
power fail this is used to restore the gaming machine 10 to
correct operation. When power is restored the game con-
troller 14 checks the producer for outstanding messages
which will exist until the non-reproducible data are deleted.
The controller 14 sends this message to the microcontroller
38 and, hence, on to the consumer. If the consumer had
previously processed this message, as determined by the
transaction-ID, an acknowledgment is returned to the game
controller 14, without processing the message again.

[0114] Preferably, the message created by the game con-
troller 14 and sent to the consumer (the meter RAM 36)
contains a list of meter addresses and new data which will
simply overwrite the existing values in meter RAM 36. The
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game controller 14 maintains a cached copy of the meter
RAM data and uses this to determine the new meter RAM
values in the message.

[0115] Where there is more than one producer 18, 20, 22,
24,26, as would normally be the case in a gaming machine,
the messages are also identified as to the producer that
created them by means of the producer-ID contained in the
message. This allows the game controller 14 to return the
acknowledgment message to the originating producer 18,
20,22,24,26. An extra field in the transaction and acknowl-
edgment messages can be used for this purpose. The con-
sumer stores the last transaction-ID for each producer in the
system and a table in non-volatile memory is used for this

purpose.

[0116] An example is described using the bank note accep-
tor (BNA) 18 as the data producer. The BNA 18 creates
non-reproducible data when it accepts a bank note from the
player. The BNA 18 creates a message 68 (with new
transaction-ID) and sends it to the game controller 14
(transaction-processor). The game controller 14 calculates
the appropriate new meter values (eg. cash-in), and creates
a new transaction and transaction message 70 (using the
same transaction-ID) to adjust the meter values in the meter
RAM 36 (consumer). After processing the message, the
microcontroller 38 on the meter RAM controller board 34
returns an acknowledge message 72 with the same transac-
tion-ID to the game controller 14, which passes the message
74 back to the BNA 18. When the BNA 18 receives the
acknowledgment 74 with the same transaction-ID as the
original message it created, the BNA 18 deletes the original
non-reproducible data from its non-volatile memory.

[0117] Only the BNA 18 has non-reproducible data; the
meter update message and acknowledgments are reproduc-
ible data as they can be derived from the non-reproducible
data within the BNA 18.

[0118] If the power fails after the non-reproducible data
has been created, but before it is acknowledged and hence
deleted, the gaming machine 10 automatically recovers.
After power is restored the sources of non-reproducible data
(producers) are checked for any outstanding transaction
messages. The BNA 18 responds by repeating the same
message as previously, assuming non-reproducible data
exists, and this message is sent through the same path as
already described. The game controller 14 receives and
transforms the message exactly as before and sends it to the
microcontroller 38.

[0119] If the microcontroller 38 had not completed the
transaction before the power failure, as determined by the
last-transaction-ID and the last-producer-ID, then the pro-
cess proceeds as described previously. If the microcontroller
38 had previously completed the transaction, it sends an
acknowledgment but otherwise ignores the message and the
meters are not updated. The game controller 14 receives the
acknowledgment and passes it back to the BNA 18 as
previously described. It can therefore be seen that the
gaming machine 10 is restored to correct operation and data
are not lost, no matter when or how many times he power
fails.

[0120] In the case of a coin hopper 20, a non-transaction
message from the game controller to the hopper 20 instructs
it to pay out coins. The hopper 20 (producer) creates
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non-reproducible data when a coin is paid out. The hopper
20 creates a message 68 (with new transaction-ID) and sends
it to the game controller 14 (transaction-processor). The
game controller 14 calculates the appropriate new meter
values (eg cash-out), and creates a new transaction and
traction message 70 (using the same transaction-ID) to
adjust the meter values in the meter RAM 36 (consumer).
After processing this message 70, the microcontroller 38
returns an acknowledge message 72 with the same transac-
tion-ID to the game controller 14 which, in turn, passes an
acknowledgment 74 back to the hopper 20. When the hopper
20 receives the acknowledgment with the same transaction-
ID as the original message it created, the hopper 20 deletes
the non-reproducible data from its non-volatile memory.

[0121] As described for the BNA 18, the gaming machine
10 is always restored correctly after a power failure.

[0122] In the case of the mechanical meter board 24,
preferably eight electromechanical counters 76 (FIG. 5) are
mounted on the board 24, together with a local power supply
77, a power fail detect/warning means 77.1, a meter update
means 78, non-volatile memory (not shown), and a com-
munications means 79 to the game controller 14.

[0123] The meter update means 78 is, preferably, a micro-
controller but could also be implemented as dedicated logic
such as an FPGA The communication means 79 is preferably
USB.

[0124] Typically an electromechanical meter 76 requires
power applied continuously for at least 25 ms then removed
for at least another 25 ms to count properly. To maintain an
accurate count, it is critical that, once power has been
applied to the meters, it is applied for at least the minimum
time. When power fails, the local power supply 77 generates
a power fail warning on the power fail detect/warning means
77.1 and supplies power for at least a further 25 ms.

[0125] By moving the power hold-up requirement from
the main power supply 42 to the mechanical meter board 24,
the power requirement and, hence, cost is significantly
reduced. Traditionally most, if not all, of the gaming
machine 10 would be powered at the same time as the
mechanical meters.

[0126] To reduce the power required during power fail
hold-up the sequence of powering the meters may be varied.
For example, if only one counter 76 is powered at a time, this
requires one eighth of the power of eight counters 76, but
takes eight times as long (or one fourth if the eight counters
76 are powered in two phases).

[0127] When a non-transaction meter update message is
received from the game controller 14, the power fail signal
is first checked. If the power has started to fail the electro-
mechanical counters 76 are not updated, and the message is
lost when the power fails. If the power has not started to fail
then a counter 76 update is started and is completed as the
local power supply 77 has the necessary power hold-up
capability (ie. 25 ms).

[0128] The mechanical meter board 24 (producer) creates
non-reproducible data when the counters 76 are updated,
then creates a transaction message 68 (with new transaction-
ID) and sends it to the game controller 14 (transaction-
processor). The game controller 14 calculates the appropri-
ate new meter values and creates a new transaction and
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transaction message 70 using the same transaction-ID to
adjust the meter values in the meter RAM 36 (consumer).
After processing this message the microcontroller 38 returns
an acknowledgment 72 with the same transaction-ID to the
game controller 14 which passes an acknowledgment 74
back to the mechanical meter board 24. When the mechani-
cal meter board 24 receives the acknowledgment 74 with the
same transaction-ID as the original message it created, the
board 24 deletes the non-reproducible data from its non-
volatile memory.

[0129] As described for the BNA the system is always
restored correctly after a power failure.

[0130] In another implementation of the invention, the
game controller 14 of the gaming machine 10 is divided into
a peripheral controller and a game outcome controller The
peripheral controller is interfaced to peripherals devices that
do not necessarily save their state in the event of a power
failure. The peripheral controller also includes local power
supply, local power fail support, non-volatile memory for
the peripheral devices and meter RAM. The game outcome
controller runs the games, determining game outcome and
displaying the game. Preferably it does not use power fail to
save game or peripheral information.

[0131] In this implementation, the peripheral controller
stores peripheral data over the power fail interval; it is the
combination of peripheral controller hardware/software and
peripheral device itself that creates the data producer. In a
similar way, the combination of peripheral controller and
non-volatile storage forms the data consumer 36. The game
outcome controller still functions as the transaction proces-
SOr.

[0132] Preferably a single board functions as the periph-
eral controller for all peripheral devices in the gaming
machine 10, although each peripheral device could have a
separate peripheral control board. Peripheral devices that do
not require information to be saved over the power fail
interval may be interfaced either to the peripheral controller
or to the game outcome controller as desired.

[0133] Referring to FIG. 4, an implementation of the
invention in a distributed gaming system 80 is now
described. With reference to the previous drawings, like
reference numerals refer to like parts unless otherwise
specified.

[0134] The system 80 includes a server 82 which, in
addition to determining game outcomes, acts as both trans-
action-processor and data consumer 84. The game controller
14 of each gaming machine 10 of the distributed system 80
simply acts to pass messages between the server 82 and the
peripheral devices 18, 20, 22 and 26.

[0135] In the server 82, the consumer 84 comprises a hard
disk drive or RAID array instead of meter RAM as it is more
cost effective for a large number of gaming machines 10.
The consumer 84 comprises software running on the server
82, the hard disk to store the data, and, preferably, an
uninterruptible power supply with power fail warning.

[0136] The transaction processor and the consumer 84
may be implemented as a single program or as multiple
programs on one server or they may be distributed over
multiple servers. The consumer 84 may also be implemented
as a standard database application/server.
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[0137] The invention applies also to a jackpot controller
which, it will be appreciated, is, in use, a form of distributed
gaming system. A jackpot controller requires data to be
stored over the power fail interval, typically including the
current level of all prizes, and which machines have one the
most recent prizes. This invention provides the separate
storage of data in a board easily interfaced to the controller,
and removes the requirement of power fail hold-up on the
main circuits of the controller.

[0138] The invention could apply equally to the use of
computer game consoles as the controller for a gaming
system. Such gaming consoles have powerful processors
and graphics capability. However they are not suitable for
gaming machines due to the lack of gaming specific features,
especially meter RAM and power fail detection. To add
these features in the traditional manner would require sig-
nificant engineering effort. However, with the present inven-
tion and the use of a separate local power supply and the use
of appropriate protocols, these features can be added with
less difficulty.

[0139] 1t is, accordingly, an advantage of the invention
that an operating system for a gaming machine 10 and for a
distributed gaming system 80 is provided which reduces the
power hold-up requirements of a gaming machine 10 or the
gaming system 80, as the case may be. The operating system
also facilitates the storage of critical or non-reproducible
data. More particularly the meter update transactions can be
written to meter RAM quickly (eg a maximum sized trans-
action of 256 bytes can be written in under 200 uS). The
power supply hold-up requirement of the meter RAM con-
troller board for this short time is much easier to meet than
is required in a conventional gaming machine where the far
more powerful main CPU and associated logic must be
powered and a customised power supply is needed.

[0140] Still further, the use of local power supply units in
the meter RAM board 34 and the mechanical meter board 24
obviates the need for power fail warning systems for the
main controller of the gaming machine 10 or the distributed
gaming system 80, as the case may be. This reduces the cost
of the power supply and, hence, the gaming machine 10 or
system 80.

[0141] The hold-up time required to effect a data entry in
the meter RAM is dramatically decreased by having the
facility to allow the meter update potentially to fail but to
detect and undo the failed update when the power is restored
by using a previously stored backup copy of the data. The
hold-up time, in effect, is reduced to the time taken to
update, at most, several memory locations instead of the
previous necessity to update all memory locations in the
transaction.

[0142] Tt will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,
to be considered in all respects as illustrative and not
restrictive.

1. An operating system for a gaming system, the operating
system including:

a data producer which generates non-reproducible data
relating to a transaction carried out in respect of the
gaming system;
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adata consumer in communication with the data producer
for storing data relating to the non-reproducible data;
and

a game controller in communication with the data pro-
ducer and the data consumer which effects communi-
cations between the data producer and the data con-
sumer by means of a transaction-based protocol.

2. The operating system of claim 1 in which the gaming

system is a stand-alone gaming machine.

3. The operating system of claim 2 in which the data
producer is a peripheral device of the gaming machine.

4. The operating system of claim 3 in which the peripheral
device is selected from the non-exhaustive group of a bank
note acceptor, a coin hopper, a coin acceptor, a printer, an
electromechanical meter and combinations of the aforego-
ing.

5. The operating system of claim 1 in which the data
producer includes a memory means in which the non-
producible data, which arises from an event that has
occurred at the data producer, are stored.

6. The operating system of claim 5 in which the non-
reproducible data relating to the transaction are fed to the
game controller as a transaction message.

7. The operating system of claim 6 in which the transac-
tion message from the data producer includes transaction
identification data which are unique to the transaction that
has occurred at the data producer.

8. The operating system of claim 6 in which the transac-
tion message includes data relating to an identity of the data
producer.

9. The operating system of claim 1 in which the data
consumer is meter random access memory (RAM) of the
gaming machine.

10. The operating system of claim 9 in which the RAM
forms part of a meter RAM controller board, the controller
board including a transaction processor and a power status
indicator.

11. The operating system of claim 10 in which the power
status indicator forms part of a power supply unit of the
meter RAM controller board.

12. The operating system of claim 9 in which the RAM
includes multiple meter RAM chips for data redundancy.

13. The operating system of claim 1 in which the gaming
system is a distributed gaming system comprising at least
one gaming machine communicating with a server.

14. The operating system of claim 13 in which the data
producer is a peripheral device of the at least one gaming
machine.

15. The operating system of claim 14 in which the
peripheral device is selected from the non-exhaustive group
of a bank note acceptor, a coin hopper, a coin acceptor, a
printer, an electromechanical meter and combinations of the
aforegoing.

16. The operating system of claim 13 in which the data
consumer and the game controller are constituted by the
server.

17. The operating system of claim 16 in which the data
consumer comprises a hard disk drive and associated soft-
ware.

18. The operating system of claim 17 in which the data
consumer further includes a power supply with a power
status indicator.

19. The operating system of claim 1 in which the trans-
action-based protocol is a USB protocol.
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20. A method of operating a gaming system, the method
including:

generating non-reproducible data relating to a transaction
carried out in respect of the gaming system;

storing data relating to the non-reproducible data; and

using a transaction-based protocol in a game controller to
effect communication between a data producer that
generated the non-reproducible data and a data con-
sumer in which the data relating to the non-reproduc-
ible data are stored.

21. The method of claim 20 which includes, when an
event occurs at the data producer, storing the non-reproduc-
ible data relating to the transaction associated with the event
in a non-volatile memory of the data producer.

22. The method of claim 21 which includes, when the
event occurs, generating a transaction message at the data
producer and supplying the transaction message to a game
controller of the gaming system, the transaction message
including a transaction-ID relating to an identity of the
transaction and a producer-ID relating to the data producer
of the gaming system at which the transaction occurred.

23. The method of claim 22 which includes, when the
transaction message is received by the game controller,
updating a memory of the game controller.

24. The method of claim 23 in which the data consumer
is a meter of the gaming system and in which the method
includes using the game controller to calculate new meter
values for the data consumer.

25. The method of claim 24 which includes creating a new
transaction message, incorporating the same transaction-ID
and producer-ID, at the game controller and forwarding the
new transaction message to the data consumer to update
meter values in the data consumer.

26. The method of claim 25 which includes, after pro-
cessing of the message, returning an acknowledgement
message, with the same transaction-ID and producer-ID,
from the data consumer to the game controller.

27. The method of claim 26 which includes passing the
transaction-ID and the producer-ID in the acknowledgment
message from the game controller to the data producer at
which the event occurred.

28. The method of claim 27 which includes deleting the
original non-reproducible data from a memory means of the
data producer when the data producer receives the acknowl-
edgment with the same transaction-ID from the game con-
troller.

29. The method of claim 20 which includes using a USB
protocol as the transaction-based protocol.

30. A data storage sub-assembly for a gaming system, the
sub-assembly including:

a data store for storing data relating to non-reproducible
data relating to a peripheral device of the gaming
system,

a transaction processor for processing the non-reproduc-
ible data relating to the peripheral device of the gaming
system; and

a power status indicator for providing an indication of
power status to the transaction processor.

31. The sub-assembly of claim 30 which includes a local

power supply unit which receives power from a main power

supply unit of the gaming system, the local power supply
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unit including the power status indicator for providing data
relating to power status to the transaction processor.

32. The sub-assembly of claim 30 in which the data
relating to the non-reproducible data includes information
relating to an unique transaction identification means and an
unique peripheral device identifier and, when the transaction
processor receives a message relating to a transaction
effected by or at the peripheral device is received the
transaction processor uses the information to determine if
that message had previously been received and the data
contained in that message stored.

33. A meter sub-assembly for a gaming system, the meter
sub-assembly including:

at least one electromechanical meter which records data
relating to transactions occurring in the gaming system;
and

a local power supply unit associated with said at least one
electromechanical meter, the local power supply unit
being powered by a power supply unit of the gaming
machine and the local power supply unit providing
sufficient hold-up time to enable said at least one
electromechanical meter to complete a data recording
operation in the event of a power failure.

34. The sub-assembly of claim 33 in which a plurality of
electromechanical meters are mounted on a board with the
local power supply unit, a power fail detect/warning means,
a meter update means, a memory means and a communica-
tion means for communicating with a controller of the
gaming system.

35. The sub-assembly of claim 34 in which the meter
update means is operable to vary the sequence of power to
the meters during the hold-up time.

36. The sub-assembly of claim 35 in which the meter
update means is a microcontroller.

37. The sub-assembly of claim 34 in which the commu-
nication means makes use of a universal serial bus (USB)
interface.

38. The sub-assembly of claim 33 in which an alteration
in state of the at least one electromechanical meter when it
records data relating to transactions occurring in the gaming
system constitutes non-reproducible data to be stored in a
data consumer of the gaming system.

39. Amethod of updating data on meter RAM of a gaming
system, the method including:

creating a backup copy of original meter data and storing
the backup copy in a predetermined, second data stor-
age location of a memory device of the meter;

receiving new meter data and overwriting the original
meter data at an original, first data storage location of
the memory device; and

prior to implementing the action of overwriting the data,

changing the status of a status indicator.

40. The method of claim 39 in which the status indicator
is a flag and in which the method includes examining the
status of the flag every time power is restored after a power
failure to determine if the power failure interrupted a meter
update.

41. The method of claim 39 which includes, if there has
been an interruption to the meter update, using the contents
at the second data storage location to restore the original
meter data.
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42. The method of claim 41 which includes writing the
data at the second data storage location to the first data
storage location to overwrite any data at the first data storage
location potentially corrupted due to the power failure.

43. The method of claim 40 which includes, once an
updated transaction has been received by the memory device
and a backup copy has been made, changing the flat status
to “updating”.

44. The method of claim 43 which includes processing the
transaction and, when complete, changing the flag status to
“not updating”.

45. A data updating arrangement for meter RAM of a
gaming system, the data updating arrangement including:

a memory device including a first data storage location for
storing original meter data; and a second data storage
location for storing a backup copy of the original meter
data and for enabling new meter data to be written to
the first data storage location; and

an update status indicator for indicating the status of
updating data at the first data storage location.

46. The data updating arrangement of claim 45 in which
the update status indicator is in the form of an update status
flag which indicates the status of a meter update at the first
data storage location.

47. The data updating arrangement of claim 46 in which
the status flag takes one of two states, either “updating” or
“not updating”.

48. An electronic gaming machine which includes:

a game controller board including a game controller;

at least one peripheral device by means of which a game
transaction is effected, said at least one peripheral
device communicating with the game controller by
means of a transaction-based protocol; and

a data storage sub-assembly for storing data relating to
said transaction, the data storage sub-assembly com-
municating with the peripheral device and the game
controller by means of the transaction-based protocol,
the data storage sub-assembly including a data store for
storing data relating to said at least one peripheral
device, and a dedicated controller for controlling opera-
tion of the data store.

49. The gaming machine of claim 48 in which the data
storage sub-assembly includes a local power supply which
receives power from a main power supply of the gaming
machine.

50. The gaming machine of claim 49 in which the local
power supply communicates with the dedicated controller of
the data storage sub-assembly to alert the controller of the
data storage means to a power fail event to enable the
controller to effect recording of data during a hold-up time
of the local power supply.

51. The gaming machine of claim 48 in which the
transaction-based protocol is a USB protocol.



