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UNIVERSAL GAMING ENGINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application Ser. 
No. 11/302,564, ?led Dec. 13, 2006, Which is a divisional of 
application Ser. No. 09/143,907, ?led Aug. 31, 1998, now 
US. Pat. No. 6,986,055, Which is a divisional of application 
Ser. No. 08/959,575, ?led Oct. 28, 1997, now US. Pat. No. 
6,272,223, Which is a divisional of US. patent application 
Ser. No. 08/358,242, ?led Dec. 19, 1994, now US. Pat. No. 
5,707,286. The above-reference applications are hereby 
incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates, in general, to gaming 
machines, and, more particularly, to an electronic gaming 
engine supporting multiple games and multiple users. 
[0004] 2. Description of the Related Art 

STATEMENT OF THE PROBLEM 

[0005] Casino gaming has groWn rapidly in the United 
States. Casino gaming is experiencing similar groWth 
throughout the World. An important segment of this develop 
ing industry is electronic games. An electronic implementa 
tion of a game requires a method for interpreting human 
actions as they occur Within the constraints of the rules as Well 
as the ability to respond With chance events. 
[0006] Microprocessors alloW games that formerly relied 
on analog devices for generating chance events, such as dice, 
to be simulated digitally. Simulating a die roll With a com 
puter Would seem to be a contradiction because the micro 
processor is the embodiment of logic and determinism. With 
care, hoWever, it is possible to create deterministic algorithms 
that produce unpredictable, statistically random numbers. 
[0007] Contemporary games consist of a framework of 
rules that de?ne the options for hoW a user or random event 
generator may change the game state. Play begins With an 
initial state. Subsequent play consists of user initiated events 
that trigger the execution of one or more rules. A rule may 
proceed deterministically or non-deterministically. 
[0008] Typical games consist of deterministic and non-de 
terministic rules. A game progresses by the interaction of 
these rules. There are tWo sources for non-determinism” 
player decisions and chance events. In the game of Poker, for 
example, deciding to replace three instead of tWo cards in a 
hand is a player decision that is limited, but not pre-deter 
mined, by rules. The rules limit the range of options the player 
has, but Within that set of options the player is free to choose. 
An example of a chance event is the random set of cards 
received by the poker player. Shuffled cards do not produce a 
predictable hand. 
[0009] Other examples that illustrate determinism and non 
determinism in gaming are popular casino pastimes such as 
Blackjack, Keno, and Slot machines. The ?rst Blackjack hand 
a player receives is tWo cards from a shuf?ed deck. The 
number of cards dealt is tWo, but the cards could be any from 
the deck. Keno is essentially a lottery. In Keno, a player 
attempts to guess tWenty balls chosen from a basket of eighty 
balls. The rules dictate that to participate, a player must ?ll out 
a Keno ticket indicating the balls he believes Will be chosen in 
the next round the selection of balls, hoWever, is a purely 
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random event. Slot machines require the player to pull a 
handle for each round. Slot Wheels stop at random positions. 
[0010] The non-deterministic problem in most parlor 
games is random sampling Without replacement: given a set 
of n elements, randomly choose m of them Without replace 
ment Where m is less than or equal to n. Although sampling 
Without replacement covers most popular games, it Would be 
easy to conceive of games that required replacement. For 
example, consider a variant of Keno that replaces each chosen 
ball before selecting the next ball. Until noW, no device is 
available that services the needs of multiple games by pro 
viding algorithms for sampling With and Without replacement 
as Well as others such as random permutation generation, 
sorting, and searching. 
[0011] A casino player must knoW the likelihood of Win 
ning a jackpot is commensurate With the stated theoretical 
probabilities of the game. Moreover, the casino Would like to 
payout as little as possible While maximizing the number of 
their game participants. Because each game sponsored by a 
casino has a built-in theoretical edge for the house, over time 
and With repeated play, the house Will make money. In other 
Words, the casino does not need to cheat the customer because 
it has a built-in edge. The customer, Who is at a disadvantage 
in the long run, Will Want to knoW the game is fair in order to 
manage risk. In is a theoretical fact that bold Wagering in 
Roulette increases a players odds of Winning. A player Who 
cannot knoW the odds of Winning cannot formulate a strategy. 

[0012] Provided that the deterministic rules of a game are 
implemented correctly, it is essential that the chance events of 
a game are indeed random. an important subproblem for 
generating random events is uniform random number genera 
tion. If the underlying uniform random number generator 
does not generate statistically independent and uniform 
pseudo-random numbers, then either the house or customer 
Will be at a disadvantage. A poorly designed system might 
favor the house initially and over time turn to favor the player. 
Certainly the house Would not Want this situation because it 
makes revenue projection impossible. Any regulatory body 
Would like to ensure that neither the house nor customer have 
an advantage beyond the stated theoretical probabilities of the 
game. In the context of fairly implemented rules, the only Way 
for the house to increase its revenue is to increase the number 
of players participating in their games. 
[0013] Typically, an engineer creating an electronic game 
generates a How chart representing the rules and uses a ran 
dom number generator in conjunction With combinatorial 
algorithms for generating chance events. Representing rules 
is one problem. Generating chance events to support those 
rules is another. Creating pseudo-random numbers is a subtle 
problem that requires mathematical skills distinct from other 
problems of gaming. In other Words, a skilled game program 
mer may be unable to solve the problems of developing a 
proper random number generator. Even if given a quality 
random number generator, problems can occur in hardWare 
implementations that render the generator predictable. One 
example is using the same seed, or initial state, for the gen 
erator at regular intervals and repeatedly generating a limited 
batch of numbers. Without attending to the theoretical aspects 
of a uniform random number generator, it is not possible to 
implement the rules of a game perfectly. The result is a game 
unfair to the house, players, or both. Hence, there is a need for 
a gaming system, apparatus, and method that separate the 
problem of implementing game rules from that of random 
event generation. 
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[0014] The need for such a device is also evident at the 
regulatory level. Gaming is a heavily regulated industry. 
States, tribes, and the federal government have gaming regu 
latory agencies at various levels to ensure fairness of the 
games. The gaming regulatory authority certi?es that a par 
ticular implementations of a game re?ects the underlying 
probabilities. Because electronic games are implemented in 
often dif?cult to understand softWare, the problem of verify 
ing fairness of a game is challenging. Further, there is little 
uniformity in the implementation of fundamental compo 
nents of various games. To determine fairness, the gaming 
authority subjects each game to a battery of tests. No set of 
statistical tests performed on a limited portion of the random 
number generator period can ensure that the generator Will 
continue to perform fairly in the ?eld. The process of testing 
is both expensive and of limited accuracy. Hence, a regulatory 
need exists for a uniform, standardized method of implement 
ing games that reduce the need and extent of individual game 
testing While increasing the reliability of detecting and certi 
fying game fairness. 

SOLUTION TO THE PROBLEM 

[0015] The Universal Gaming Engine (UGE) in accor 
dance With the present invention is a gaming apparatus pro 
viding a consistent game development platform satisfying the 
needs of the gaming authority, house, player, and game devel 
oper. The UGE separates the problems of developing game 
rules from the dif?culty, of producing chance events to sup 
port those rules. Functions that are common to a number of 

games are included in the gaming engine so that they need not 
be implemented separately for each game. By including basic 
functions shared by a number of games, hardWare costs are 
greatly reduced as neW games can be implemented merely by 
providing a neW set of rules in the rules library and the basic 
hardWare operating the game remains unchanged. 

SUMMARY OF THE INVENTION 

[0016] Brie?y stated, the present invention provides a sys 
tem, apparatus, and method for implementing a game having 
a deterministic component and a non-deterministic compo 
nent Wherein a player uses the game through at least one 
player interface unit. Each player interface unit generates a 
player record indicating player-initiated events. A random 
number generator provides a series of pseudo-random num 
bers that are preferably statistically veri?ed by integral veri 
?cation algorithms and stored in a buffer. Preferably, the 
random number generator alloWs seed and key restoration 
automatically or manually upon poWer fault. 
[0017] A rules library stores indexed rules for one or more 
games. An interface registry stores mapping records Where 
the mapping records are used to associate the player-initiated 
events to pre-selected rules in the rules library. A control 
means is coupled to receive the output of the player interface 
unit, coupled to the interface registry, the rules library, and the 
random number generator. The control means processes the 
player record and returns an output record to the player inter 
face unit Where the output record is determined by executing 
the game’s rules With reference to the pseudo-random num 
bers and prede?ned combinatorial algorithms for selecting 
sets of the pseudo-random numbers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 illustrates a simpli?ed block diagram of the 
gaming engine in accordance With the present invention; 
[0019] FIG. 2 illustrates a block diagram of the pseudo 
random number subsystem in accordance With the present 
invention; 
[0020] FIG. 3 illustrates the non-uniform distribution gen 
erator and combinatorial algorithm subsystems in accordance 
With the present invention; 
[0021] FIG. 4 illustrates a main control circuit in accor 
dance With the present invention; 
[0022] FIG. 5 illustrates in block diagram form implemen 
tation of the rules library in accordance With the present 
invention; 
[0023] FIG. 6 illustrates a How chart of a game implemen 
tation using the apparatus shoWn in FIG. 1; 
[0024] FIG. 7 illustrates a How diagram for a second 
embodiment pseudo-random number distribution system; 
[0025] FIG. 8 illustrates a multiple player netWorked 
implementation in accordance With the present invention; and 
[0026] FIG. 9 illustrates in graphical form relationships 
betWeen server speed, queue siZe, and customer Wait times of 
an apparatus in accordance With the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0027] FIG. 1 illustrates, in simpli?ed schematic form, a 
gaming apparatus in accordance With the present invention. 
The gaining apparatus in accordance With the present inven 
tion is also referred to as a “universal gaming engine” as it 
serves in some embodiments as a platform for implementing 
any number of games having deterministic and random com 
ponents. In other embodiments, the universal gaming engine 
in accordance With the present invention provides a platform 
that supports multiple players across a netWork Where each 
player preferably independently selects Which game they 
play and independently controls progression of the game. 
[0028] Although in the preferred embodiment all of the 
games discussed are implemented entirely electronically, it is 
a simple modi?cation to alter the player interface to include 
mechanical sWitches, Wheels, and the like. Even in mechani 
cally implemented games electronic functions that are per 
formed by the gaming engine in accordance With the present 
invention are required. Hence, these mechanical machines are 
greatly simpli?ed using the gaming engine in accordance 
With the present invention. 
[0029] Gaming engine 100 is illustrated schematically in 
FIG. 1, including major subsystems in the preferred embodi 
ments. Each of the subsystems illustrated in FIG. 1 is 
described in greater detail beloW. FIG. 1, hoWever, is useful in 
understanding the overall interconnections and functioning 
of the gaming engine in accordance With the present inven 
tion. 
[0030] Gaming engine 100 performs several basic func 
tions common to many electronically implemented casino 
games. The most basic of these functions includes interacting 
With the player to detect player initiated events, and to com 
municate the state of a game to the player. Gaming engine 100 
must process the player initiated event by determining the 
appropriate rules of the game that must be executed and then 
executing the appropriate rules. Execution of the rules may 
require only simple calculation or retrieving information 
from memory in the case of >deter'ministic rules, or may 
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require access to pseudo-random values or subsets of pseudo 
random values in the case of non-deterministic components. 
[0031] Gaming engine 100 in accordance With the present 
invention uses a main control circuit 101 to control and per 
form basic functions. Main control circuit 101 is a hardware 
or softWare programmable microprocessor or microcontrol 
ler. Alternatively, main control circuit 101 can be imple 
mented as anASIC device With dedicated logic to perform the 
required control functions. Main control circuit 101 commu 
nicates With player interface unit 102 via interface bus 103. 
Player interface unit 102 is a machine having at least some 
form of display for communicating information to the player 
and some form of sWitch (i.e., buttons, levers, keyboard, coin 
slot, or the like) for communicating information from the 
player. 
[0032] Player interface unit 102 generates a player record 
of information and transmits the player record over bus 103 to 
main control circuit 101. The player record of information 
contains information about the player initiated event as Well 
as any data that may be associated With the particular event. 
For example, a player initiated event may be draWing tWo 
cards from a deck of cards. The player record Will include 
information about the event (i.e., draWing cards), and data 
(i.e., tWo cards). The player record may include other infor 
mation such as the state of the game that is being played. By 
“state of the game” it is meant at Which stage in the rule 
de?ned progression of the game the game currently exists. 
State information may be maintained by gaming engine 100 
or player interface unit 102, or both. 
[0033] Main control circuit 101 responds to a player initi 
ated event by referencing a public interface registry 107. 
Public interface registry 107 is essentially a lookup table 
implemented in volatile, semi-volatile, or non-volatile 
memory. Public interface registry 107 is desirably organiZed 
as an addressable memory Where each address is associated 
With a mapping record. Main control circuit 101 uses the 
player event portion of the player record to address public 
interface registry 107 in a preferred embodiment. Public 
interface registry 107 then provide a selected mapping record 
to main control circuit 101. Main control circuit 101 uses the 
selected mapping record to address rules library 108. 
[0034] Rules library 108 is essentially an addressable 
memory preferably alloWing random access. Rules library 
108 can be implemented in volatile, semi-volatile, or non 
volatile memory of any convenient organizational structure. 
Rules library 108 responds to the address from main control 
circuit 101. by supplying one or more rules, Which corre 
spond to game rules, to main control circuit 103. The rules 
provided by rules library 101 are preferably executable 
instructions for main control circuit 101. 
[0035] Main control circuit 101 processes the selected rules 
by selectively accessing random number circuit 104 and 
transform function algorithms 106. As set out herein before, 
completely deterministic rules may be executed entirely 
Within main control circuit 101 by simple calculations or data 
transfer operations. Where the selected rule requires main 
control circuit 101 to access one or more pseudo-random 
numbers, random number circuit 104 is accessed. In the pre 
ferred embodiment random number circuit 104 provides a 
series of pseudo-random numbers of arbitrary length having 
uniform distribution as described in greater detail hereinafter. 

[0036] Often times, hoWever, a rule Will require a non 
uniform distribution of pseudo-random numbers, or some 
subset of a series of pseudo-random numbers. In this case, 
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main control circuit 101 implements the selected rule by 
accessing transform function algorithms from block 106 in 
FIG. 1. The transform function algorithms transform the 
series of uniformly distributed pseudo -random numbers from 
random number circuit 104 by l) transforming them into a 
non-uniform distribution, 2) using a given set of the uni 
formly distributed pseudo-random numbers to performing set 
selection permutations or 3) both. 
[0037] In this manner, the basic functions of pseudo-ran 
dom number generation, pseudo -random number transforma 
tion, and association of rules With player or player events are 
standardiZed and entirely contained in gaming engine 100. 
System operator interface 109 is used by the casino or game 
developer to communicate With uniform random number cir 
cuit104 and main control circuit 101. This communication is 
desirable to initialiZe, program, and maintain main control 
circuit 101 and public interface registry 107, for example. 
System operator interface also enables an operator to initial 
iZe, monitor and change seed values and key values used by 
uniform random number circuit 104. Any convenient hard 
Ware may be used to implement system operator interface 109 
including DIP sWitches, a smart terminal, personal computer, 
or a dedicated interface circuit. 

[0038] To implement a game, a game programmer develops 
a series of rules for the game. The series of rules are stored as 
a volume in rules library 1 08. The game programmer Will then 
register the neW game in public interface registry 107 by 
storing the location of the volume of rules in an appropriate 
address in public interface registry 107. The game program 
mer does not need to program or develop the random number 
circuit or transform algorithms to implement a neW game. 
Further, the player using player interface unit 102 can access 
any of the games stored in rules library 108. To certify a neW 
game, a game regulatory authority need only revieW the rules 
in the rules library 108 to verify that they folloW the estab 
lished rules for a particular game. This veri?cation can be 
easily done by revieWing high-level language code such as 
FORTRAN, C, or Basic. 
[0039] While the present invention is described in terms of 
the preferred implementation of casino games it should be 
understood that any game Which has a random component 
and progresses by folloWing pre-de?ned rules can be imple 
mented in gaming engine 100. Player interface unit 102 may 
be entirely electronic or combine electronic and mechanical 
components. Player interface unit may supply any amount 
and kind of information in addition to the basic functions set 
forth above to main control circuit 101. Player interface unit 
102 may be located in the same physical machine as the 
remaining portions of gaming engine 100 or may be located at 
a great distance from gaming engine 100. These and other 
alternatives Will be discussed in greater detail hereinafter. 

Random Number Circuit. 

[0040] A preferred random number circuit 104 is shoWn in 
FIG. 2. Random number circuit 104 preferably includes ran 
dom number generator circuit 201, veri?cation algorithms 
202, and buffer 203. Random number circuit 104 is controlled 
by random number control circuit 204 Which is a micropro 
cessor, microcontroller, or dedicated logic control circuit. 
[0041] Random number generator circuit 201 provides a 
stream of uniformly distributed pseudo-random numbers on 
output 206. Alternatively, random number generator circuit 
201 can provide parallel outputs on output 206. Also, more 
than one random number generator circuit 201 may be 
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employed depending on the quantity of pseudo -random num 
bers demanded by the system. 
[0042] Random number generator circuit 201 preferably 
supplies uniformly distributed pseudo-random numbers 
because a set of uniformly distributed numbers can be trans 
formed easily by transform algorithms 106 into non-uniform 
distributions and combinatorial subsets. A preferred circuit 
for implementing random number generator circuit 201 is an 
ANSI X9. 17 pseudo random number generator based upon a 
plurality of data encryption standard (DES) encryption cir 
cuits. Alternatively, random number generator circuit 201 
may be implemented using the international data encryption 
algorithm (IDEA) encryption. Other random number genera 
tor circuits are knoWn. When implementing other random 
number generator circuits 201, hoWever, it should be appre 
ciated that a high quality, cryptographically strong pseudo 
random number generator is preferable. A major advantage of 
the present invention is that the random number circuit 104 
need be implemented only once to serve a plurality of games 
making it cost ef?cient to use relatively expensive circuitry to 
provide a high quality random numbered circuit 104. 
[0043] Random number generator circuit 201 accepts as 
input one or more key values Which are typically binary 
values having a ?xed relatively large number of bits. For 
example, the ANSI X9.l7 pseudo-random number generator 
uses 56-bit keys. Random generator circuit 201 also usually 
accepts a seed value, Which is also another large bit binary 
value. Further, random number generator circuit 201 has a 
data input or clock input that accepts a continuously variable 
signal Which is conveniently a clock representing date and 
time. In this manner, each time the signal on the clock or data 
input changes a neW random number is output on line 206. 
Random number control circuit stores and provides the key 
values, seed value, and clock values to random number gen 
erator circuit 201. 

[0044] A desirable feature in accordance With the present 
invention is that random number circuit 104 be able to boot up 
after a poWer fault (i.e., poWer is removed from the system) 
using the same seed values, key values, and clock value that 
existed before the poWer fault. This feature prevents a player 
or operator from continually resetting the system or gaining 
any advantage by removing poWer from gaming engine 100. 
One Way of providing this functionality is to buffer the key 
values, seed values, and clock values in memory Within ran 
dom number control circuit 204 before they are provided to 
random number generator 201. After a poWer on default, 
circuit 104 can reboot autonomously using the values stored 
in buffers. Alternatively, neW values can be provided via 
system operator interface 109 to ensure that the output after a 
poWer fault is in no Way predictable based upon knoWledge of 
output after a prior poWer fault. 
[0045] In a preferred embodiment, random number genera 
tor circuit operates continuously to provide the series of ran 
dom numbers on line 206 at the highest speed possible. By 
continuously, it is meant that random number generator cir 
cuit 201 operates at a rate that is not determined by the 
demand for random numbers by the rest of the system. Ran 
dom number control circuit 204 provides key values, seed 
values, and data values to random number generator circuit 
201 independently of any processing demands on main con 
trol circuit 101 (shoWn in FIG. 1). This arrangement ensures 
that random number circuit 104 operates at a high degree of 
ef?ciency and is not sloWed doWn by computational demands 
placed on main control circuit 101. In other Words, the control 
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circuit resources that implement random number control cir 
cuit 204 are independent of and usually implemented in a 
separate circuit from main control circuit 101. 

[0046] Random number control circuit 204 accesses one or 
more veri?cation algorithms 202 via connection 207. Veri? 
cation algorithms 202 serve to verify that the raW random 
numbers on line 206 are statistically random to a predeter 
mined level of certainty. Preferably, veri?cation algorithms 
202 include algorithms for testing independence, one-dimen 
sional uniformity, and multi-dimensional uniformity. Algo 
rithms for accomplishing these tests are Well knoWn. For 
example, independence of the pseudo random numbers can 
be performed by a Runs test. Uniformity canbe veri?ed by the 
Kolmorgorov-Smimov or K-S test. Alternatively, a Chi 
square test verify uniformity. A serial test is an extension of 
the Chi-square test that can check multi-dimensional unifor 
mity. 
[0047] Random number control circuit 204 preferably 
receives and stores a set of raW random numbers from random 
number generator circuit 201. The set of raW random numbers 
can be of any siZe, for example 1000 numbers. Random 
number control circuit 204 then implements the veri?cation 
algorithms either serially or in parallel to test independence 
and uniformity as described hereinbefore. It may be advan 
tageous to use more than one physical circuit to implement 
random number control circuit 204 so that the veri?cation 
algorithms may be executed in parallel on a given set of raW 
random numbers. 

[0048] If a set of raW random numbers do not pass one of the 
veri?cation tests the numbers are discarded or overwritten in 

memory so that they cannot be used by gaming engine 100. 
Only after a batch of numbers’ passes the battery of veri?ca 
tion tests, are they passes via line 208 to verify random num 
ber buffer 203. Buffer 203 is preferably implemented as a 
?rst-in, ?rst-out (FIFO) shift register of arbitrary siZe. For 
example, buffer 203 may hold several thousand or several 
million random numbers. 

[0049] By integrating veri?cation algorithms 202 in a ran 
dom number circuit 104, gaming engine 100 in accordance 
With the present invention ensures that all of the pseudo 
random numbers in buffer 203 are in fact statistically random. 
This overcomes a common problem in pseudo-random num 
ber circuits Wherein the random numbers are long-term ran 
dom, but experience short-term runs or trends. These short 
terrn trends make prediction of both the player and casino 
odds dif?cult and may create an illusion of unfairness When 
none in fact exists. The veri?cation algorithms 202 in accor 
dance With the present invention largely eliminate these 
short-term trending problems and create a pool of random 
numbers in buffer 203 that are both statistically random and 
Will appear to be random in the short run time period in Which 
both the casino and players operate. 
[0050] Buffer 203 makes the random numbers available 
continuously to main control circuit 101. Main control circuit 
101 may access any quantity of the numbers in buffer 203 at 
a time. Buffer 203 also serves to provide a large quantity of 
random numbers at a rate higher than the peak generation rate 
of random number generator circuit 201. Although it is pref 
erable that random number generator circuit 201 and veri? 
cation algorithms 202 are processed so as to provide random 
numbers to buffer 203 at a higher rate than required by gam 
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ing engine 100, short-term bursts of random numbers can be 
provided by buffer 203 at a higher rate. 

Transform Function Algorithms. 

[0051] Transform function algorithms 106 are accessed by 
main control circuit 101 as illustrated in FIG. 3. Examples of 
transform function algorithms 106 are a non-uniform distri 
bution generator 301 and combinatorial algorithms 302. To 
execute some rules obtained from rules library 108, main 
control circuit 101 may be required to select one or more 
random values from a non-uniform distribution. Examples of 
non-uniform distributions are normal distribution, exponen 
tial distribution, gamma distribution, as Well as geometric and 
hypergeometric distributions. All of these non-uniform dis 
tributions can be generated from the uniform distribution 
provided by random number circuit 104. 
[0052] Rule implementations primarily require that main 
control circuit 101 access a series of pseudo-random numbers 
in the context of random set selection and permutations. This 
subset selection is performed by combinatorial algorithms 
302. The combinatorial algorithms 302 operate on either the 
uniform number distribution provided directly by random 
number circuit 104 or the non-uniform distribution provided 
by non-uniform distribution generator 301. In this manner, a 
game of keno can be implemented by selecting a random 20 
from a group of 80. 

[0053] Another function of the transform algorithms 106 is 
to scale and center the series of random numbers. For 
example, a deck of cards includes 52 cards so that the set of 
random numbers must be scaled to range from 1 to 52. These 
and similar transform functions are Well knoWn. 

[0054] An advantageous feature of the present invention is 
that these transform functions can be implemented a single 
time in a single piece of softWare or hardWare and selectively 
accessed by any of the games in rules library 108. This alloWs 
a great variety of transform functions to be provided in a cost 
e?icient and computationally e?icient manner. The game 
designer need only provide rules in rules library 108 that 
access appropriate transform function algorithms 106 and 
need not be concerned With the details of hoW the transform 
function algorithms 106 are implemented. Similarly, a gam 
ing regulatory authority can verify the correctness and fair 
ness of transform algorithms a single time by providing 
extensive testing. Once the transform functions are veri?ed, 
they need not be veri?ed again for each game that is imple 
mented in rules library 108. This independence betWeen the 
rules programming and the non-deterministic programming 
result in highly standardized and reliable games While alloW 
ing the games designer greater ?exibility to design a game in 
the rules library 108. 

Main Control Circuit. 

[0055] A preferred embodiment of main control circuit 101 
is shoWn in block diagram form in FIG. 4. Preferably, a 
micro-controller microprocessor 401 is provided to perform 
calculations, memory transactions, and data processing. 
Microprocessor 401 is coupled through bus 103 to player 
interface unit 102. Microprocessor 401 is also coupled to 
player number circuit 104, transform function algorithms 
106, public interface registry 107, and rules library 108 
through bi-directional communication lines 402. 
[0056] In a typical con?guration, main control circuit 101 
Will have a quantity of RAM/SRAM 403, a quantity of non 
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volatile memory 404, and ROM for storing an operating 
system and boot sequence. ROM 406 operates in a conven 
tional manner and Will not be described in greater detail 
hereinafter. Non-volatile memory 404 is an addressable, pref 
erably random access memory used to store information that 
is desirably saved even if poWer is removed from main control 
circuit 101. For example, microprocessor 401 may calculate 
statistics regarding the type of games played, the rate of game 
play, the rate of number request, or information about the 
player from player interface unit 102. The statistics are pref 
erably stored in a non-volatile memory 404 to maintain integ 
rity of the information. Similarly, non-volatile memory 404 
may be used to maintain the state of a game in progress on 
player interface unit 102 so that is poWer is removed, univer 
sal gaming engine 100 can restore player interface unit 102 to 
the state at Which it existed prior to the poWer outage. This 
may be important in a casino operation Where the casino 
could incur liability for stopping a game When the player 
believes a payoff is imminent. 

[0057] RAM 403 serves as operating memory for tempo 
rary storage of rules access from rules library 108 or for 
storing the operating system for quick access. RAM. 403 may 
also store groups of random numbers While they are being 
processed by the transform function algorithms as Well as 
address data provided to and accepted from the public inter 
face registry. 
[0058] It should be understoodthat main control circuit 101 
may be implemented in a variety of fashions using conven 
tional circuitry. While some memory Will almost surely be 
required, the memory may be implemented as RAM, SRAM, 
EPROM or EEPROM to meet the needs of a particular appli 
cation. Similarly, the components of main control circuit 101 
shoWn in FIG. 4 may be implemented as a single circuit or 
single integrated circuit or in multiple circuits or integrated 
circuits. Additional features may be added to implement addi 
tional functions in a conventional manner. 

Rules Library. 

[0059] An exemplary embodiment of rules library 108 is 
illustrated in block diagram form in FIG. 5. Rules library 108 
is preferably implemented as a plurality of volumes of rules 
Where each volume is ?xed in a rule EPROM 502-506. Any 
number of rule EPROM’s can be supplied in rule library 108. 
Also, rule EPROM’s 502 can be of various siZes. Rule 
EPROM’s 502-506 may be replaced With equivalent memory 
circuits such as RAM, S RAM, or ROM. It is desirable from 
a gaming regulatory authority standpoint that rule EPROM’s 
502-506 cannot be altered once programmed so that the rules 
cannot be changed from the designed rules. This alloWs the 
gaining regulatory authority to verify the EPROM rules. 
[0060] Address logic 501 provides address signals to-select 
one of rule EPROM’s 502-506. Additionally, address logic 
501 serves to position a pointer to a speci?c rule Within each 
rule EPROM 502-506. As set out herein before, Which of rule 
EPROM’s 502-506 is selected as determined by the current 
game being played as indicated by player interface unit 102 
(shoWn in FIG. 1). The location of the pointer Within a rule 
EPROM is addressed based upon the current state of the game 
and the particular user initiated event indicated by player 
interface unit 102. The information is conveyed from the user 
interface unit 102 in a player record that is mapped to rule 
library 108 by the information in public interface registry 
107. 
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[0061] In practice, a game developer Will program a series 
of rules that dictate the progression of a game in response to 
user or player initiated events. The rules Will also dictate 
When random numbers are accessed and the type of random 
numbers Which should be accessed (i.e., uniform or non 
uniform distributions). Rules Will also control payoffs, and 
place boundaries on the types of player events Which Will be 
accepted. The game developer Will then burn these rules, once 
complete, into a rule EPROM, such as rule EPROM’s 502 
506. The rule EPROM can then be veri?ed by a gaming 
regulatory authority, and once approved, be distributed to 
oWners of gaming engines Wishing to implement the neWly 
developed game. In order to install the neW game, the rule 
EPROM is installed in rules library 108 and registered in 
public interface registry 107. The registration process 
described hereinbefore provides gaming engine 100 the 
address information necessary to enable address logic 501 to 
access a particular rule in rules library 108 and provide that 
rule on output line 507 to main control circuit 101. 
[0062] Although rules library 108 has been described in 
terms of a plurality of EPROM’s 502-506 Wherein each 
EPROM holds one volume of rules pertaining to a particular 
game, it should be apparent that many other con?gurations 
for rules library 108 are possible. Rules can be implemented 
in a single large memory or in a serial memory such as a tape 
or disk. Address logic 500 may be integrated in rules library 
108, or may be integrated With main control circuit 101. Each 
game may be implemented in a single EPROM or may require 
several EPROM’s depending on the particular needs of an 
application. 

Method of Operation. 

[0063] FIG. 6 and FIG. 7 together illustrate in How chart 
form a preferred method of operation of gaming engine 100 in 
accordance With the present invention. FIG. 6 details opera 
tion of a ?rst embodiment single player gaming engine 100. 
When gaming engine 100 is started as indicated at 601 in FIG. 
6, main control circuit 101 is initialiZed and goes through a 
boot-up sequence to bring it to an initial state. In this initial 
state it Waits for user input at step 604. The player input or 
player record preferably indicates the game that is being 
played, the state of that game, and user initiated events and 
data that must be processed. Upon receipt of the player 
record, the public registry is addressed in step 606. The public 
registry returns a mapping record that matches the user record 
With a particular rule in the rules library in step 608. 
[0064] One or more rules are accessed in step 608. Each of 
the one or more rules are processed in serial fashion in the 
embodiment illustrated in FIG. 6. One rule is processed in 
each pass through steps 610-622. A logical component of. a 
?rst rule is processed in step 610, Where the logical compo 
nent includes processes of memory manipulations, calcula 
tions, and the like. In step 612, it is determined if the particular 
rule that Was executed in step 610 requires pseudo-random 
numbers to process. If pseudo -random numbers are required, 
they are retrieved in step 700 Which is illustrated in greater 
detail in reference to FIG. 7. 
[0065] It is determined if the rule requires any transform 
algorithm in step 614. If a transform algorithm is required it is 
obtained in step 616. It should be understood that the trans 
form algorithm may be permanently resident in the main 
control circuit 101 and so the step of obtaining 616 may be 
trivial. Once the necessary transfer algorithm is obtained, it is 
determined if the rule is completely processed in step 618. If 
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not, How returns to step 610 and the rule logic is executed until 
the rule is completely processed and a ?nal result of the rule 
is determined. Once the rule is ?nished, control moves from 
step 618 to result accumulation step 620. 
[0066] Each rule accessed in step 608 is processed in a 
similar manner by sequentially selecting each rule in step 626 
until it is determined that all rules have been processed in step 
622. Once all the rules are processed, the accumulated results 
are returned to the player in step 624. The results are of the 
rule are determined in steps 610, 612, and 614 by performing 
any transforms required on the random numbers, executing 
any deterministic components using conventional calcula 
tions and memory transactions. 

Method for Random Number Generation. 

[0067] FIG. 7 illustrates a How chart shoWing steps in ?lling 
random number request step 700 in FIG. 6. The process 
shoWn in FIG. 7 is initiated When request 614 is made. More 
accurately, many of the sub-processes shoWn in FIG. 7 are 
ongoing, but the processes for generating and supplying ran 
dom numbers are also responsive to the request for random 
numbers 700. 
[0068] Continuously ongoing processes include clock gen 
eration step 706, providing key value(s) step 710, and provid 
ing seed value(s) step 712. The clock signal generated in step 
706 need not be a real time clock, nor does it have to provide 
a linearly increasing or decreasing output. It is su?icient that 
clock 706 output a continuously variable signal at a regular 
interval. As set out herein before, clock generation is prefer 
ably performed by random number control circuit 204 shoWn 
in FIG. 2. 
[0069] In a preferred embodiment, a signal is generated by 
the occurrence of the player event. For example, the time of 
the player event is determined at step 704 and may be used as 
shoWn in FIG. 7. At step 708, the clock signal and the player 
event signal are combined to provide a continuously variable 
non-random signal, Where both the player event signal and 
the clock are digital, the combination can be realiZed as 
logical function such as AND, OR, XOR, NAND or the like. 
Also, the combination may be a concatenation or subtraction 
function. This feature of the present invention is optional, but 
adds a neW degree of randomness. 
[0070] At step 714, a series of raW random numbers is 
generated using the continuously provided key values, seed 
values, and variable signal. The raW random numbers are 
stored at step 716 to build a group large enough to be veri?ed 
during step 718. Groups of raW random numbers that fail 
veri?cation step 718 are discarded, While those that pass are 
stored at step 720 in buffer 203 shoWn in FIG. 2. 
[0071] In accordance With a ?rst embodiment, the veri?ed 
random numbers are delivered in step 722, returning process 
How to step 618 shoWn in FIG. 6. In an alternative embodi 
ment shoWn in FIG. 7, request 614 is queued at step 728 using 
RAM 403 shoWn in FIG. 4. Request queuing 728 is imple 
mented as a ?rst in ?rst out or “push up” register having N 
queue capacity. In one embodiment, N is betWeen 2 and 10. 
Queuing step 728 stores each request and processes each 
request in turn. In this embodiment, delivery step 722 serves 
Whatever request is provided during step 728. Once a request 
is delivered, the request queue is updated in step 724. 
[0072] Although the request queue is optional, it increases 
ef?ciency of random number generation step 700. This is 
especially important in the netWorked multi-user embodi 
ment shoWn in FIG. 8. FIG. 9 illustrates generally a relation 
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ship between server speed, queue siZe, and the average num 
ber of customers, or requests for pseudo-random numbers, 
are waiting in the system. FIG. 9 is derive by modeling gam 
ing engine 800 (shown in FIG. 8) as an M/M/l queue to 
produce parameters for expected wait times in the system. 
FIG. 9 assumes that requests for pseudo-random numbers are 
made according to a Poisson process. This means that the 
times between successive arrivals are independent exponen 
tial random variables. 
[0073] Upon arrival, a customer either immediately goes 
into service if the server is free, or joins queue 728 if the server 
is busy. When step 722 ?nishes obtaining the requested sub 
set, the request is returned to the game and leaves the system. 
The next request, if any, is serviced. The times required to 
form the requested random subsets are assumed to be inde 
pendent exponential random variables also. With these 
assumptions, request queue 728 can be viewed as an M/M/l 
queue. The ?rst two M’s indicate that both the interarrival 
times as well as the service times for requests are exponential 
random variables. The “1” indicates there is just one server. 
[0074] Server speed is largely determined by the hardware 
chosen to implement the present invention, and can be easily 
varied by those of skill in the art to meet the needs of a 
particular application. As is apparent in FIG. 9, higher server 
speeds result in fewer waiting customers. From the lower 
portion of FIG. 9, is apparent that if the queue siZe is reduced 
to Zero (i.e., no request queue), the average wait time climbs 
even with very fast servers. Hence, to minimiZe wait time, a 
request queue is desirable. 
[0075] It should be understood that the process steps shown 
in FIG. 7 may be carried out in any convenient-order unless 
expressly speci?ed above. Process steps may be carried out in 
serial or parallel depending on the particular capabilities of 
main control circuit 101 shown in FIG. 1. For example, where 
control circuit 101 is multi-tasking or capable of parallel 
processing, several process steps may be executed at once. 
Also, process steps may be added to those shown in FIG. 7 to 
implement additional functions without departing from the 
inventive features of the present invention. 

Network Embodiment. 

[0076] FIG. 8 illustrates in block diagram for network 
embodiment in accordance with the present invention. Basic 
components of gaming engine 800 are similar to gaming 
engine 100 including random number circuit 804, transform 
algorithms 806, public interface registry 807, and rules 
library 808. Main control circuit 801 includes all of the func 
tions described herein before in reference to main control 
circuit 101 but also includes function for supporting network 
interface circuit 812. Data bus 812 couples main control 
circuit 801 to network interface circuit 812. 
[0077] The network embodiment shown in FIG. 8 serves a 
plurality of player interface units 802a-801e. This additional 
functionality is provided in part by network interface circuit 
812 and network l/O circuits 812a-812e. Network interface 
circuit 812 and network l/O circuits 812a-812e can be con 
ventional network circuits used for l0baseT, ethemet, Apple 
talk, or other known computer network systems. In selecting 
the network circuits, it is important that the data throughput is 
adequate to meet the needs of a particular system. 
[0078] Network interface circuit 812 communicates a plu 
rality of player records of information to main control circuit 
801. Main control circuit may be a conventional processing 
circuit that serially processes each of the player records in a 
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manner similar to main control circuit 101. Preferably, main 
control circuit 801 includes multitasking or parallel process 
ing capabilities allowing it to process the plurality of player 
records simultaneously. 
[0079] Simultaneous processing requires that main control 
circuit 801 access a plurality of rules from rules library 808, 
each of which may require main control unit 801 to request a 
set of pseudo-random numbers from random number circuit 
804. In a preferred embodiment, the multiple requests for 
pseudo-random numbers are stored in a request queue imple 
mented in memory of main control circuit 801. The request 
queue is preferably able to store more than one request. A 
suitable request queue can store ten requests. Random num 
ber circuit 804 treats each request from the request queue of 
main control circuit 801 in a manner similar to the requests 
from main control circuit 101 described herein before. The 
combination of the request queue with the buffer of random 
number circuit 804 allows gaming engine 800 to service 
requests corresponding to player initiated events very e?i 
ciently. A request queue holding even two or three requests 
can reduce the probability of any player waiting for delivery 
of a set of pseudo-random numbers signi?cantly. 
[0080] The request queue can be implemented by con?g 
uring a portion of the RAM available to main control circuit 
801 as a ?rst-in ?rst-out register or push up stack. Each 
request for a set of random numbers is initially placed at the 
bottom of the request queue and sequentially raised in the 
request queue until the request is ?lled. This operation is 
described herein before with respect to FIG. 7. 
[0081] By now it should be appreciated that an apparatus, 
method, and system for gaming is provided with greatly 
improved ef?ciency and quality over existing gaming meth 
ods and systems. The universal gaming engine in accordance 
with the present invention is a gaming apparatus providing a 
consistent game development platform satisfying the needs of 
gaming authorities, house, player, and game developer. The 
gaming engine in accordance with the present invention sepa 
rates the problems of developing game rules from the dif? 
culty of producing chance events to support those rules. By 
including basic functions shared by a number of games, hard 
ware costs are greatly reduced as new games can be imple 
mented merely by providing a new set of rules in the rules 
library and the basic hardware operating the game remains 
unchanged. It is to be expressly understood that the claimed 
invention is not to be limited to the description of the pre 
ferred embodiments but encompasses other modi?cations 
and alterations within the scope and spirit of the inventive 
concept. 
What is claimed is: 
1. An system for implementing a game, the system com 

prising: 
a data bus; 
a gaming engine, coupled to the data bus, con?gured to 

selectively 
(a) make available the result of at least one gaming 

function prior to a request for the result; 
(b) execute at least one gaming function; and 
(c) provide a result of at least one gaming function; and 

a player interface unit, coupled to the data bus, con?gured 
to selectively 
(a) request execution of at least one gaming function; 
and 

(b) receive the result of at least one gaming function, 
wherein the result 
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is based on at least one result of a ?rst at least one gaming 
function made available prior to a request for an execu 
tion of the ?rst at least one gaming function. 

2. The system of claim 1, Wherein making available the 
result of at least one gaming function comprises storing gen 
erated random numbers in a buffer. 

3. The system of claim 1, Wherein the at least one gaming 
function includes at least one of random number generation, 
a veri?cation algorithm, a transform function, a public inter 
face registry function, and a rule implemented via a rules 
library. 

4. The system of claim 1, Wherein providing the result of at 
least one gaming function comprises returning accumulated 
results to the player interface unit. 

5. The system of claim 1, Wherein the player interface unit 
comprises at least an output con?gured to communicate 
information to a player and an input con?gured to communi 
cate information from the player. 

6. The system of claim 1, Wherein requesting execution of 
at least one gaming function comprises transmitting a player 
record to the gaming engine over the data bus, the player 
record comprising at least one of player-initiated events, data 
associated With player-initiated events, and state of the game. 

7. The system of claim 1, Wherein data communicated over 
the data bus is encrypted. 

8. A method of implementing a game, the method compris 
ing: 

making available the result of at least one gaming function 
prior to a request for the result; 

executing at least one gaming function; 
providing a result of at least one gaming function; 
requesting execution of at least one gaming function; and 
receiving the result of at least one gaming function, 

Wherein the result is based on at least one result of a ?rst 
at least one gaming function made available prior to a 
request for execution of the ?rst at least one gaming 
function. 

9. The method of claim 8, Wherein making available the 
result of at least one gaming function comprises storing gen 
erated random numbers in a buffer. 

10. The method of claim 8, Wherein providing a result of at 
least one gaming function comprises providing the result for 
further processing. 

11. The method of claim 8, Wherein providing a result of at 
least one gaming function comprises altering a display of a 
player interface unit. 

12. A system for implementing a game, the system com 
prising: 

means for making available the result of at least one gam 
ing function prior to a request for the result; 

means for executing at least one gaming function; 
means for providing a result of at least one gaming func 

tion; 
means for requesting execution of at least one gaming 

function; and 
means for receiving the result of at least one gaming func 

tion, Wherein the result is based on at least one result of 
a ?rst at least one gaming function made available prior 
to a request for execution of the ?rst at least one gaming 
function. 

13. The system of claim 12, Wherein the means for making 
available comprises a random number circuit, the means for 
executing comprises a main control circuit, the means for 
providing comprising netWork interface circuit, the means for 
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requesting comprises a netWork l/O circuit, or the means for 
receiving comprises a netWork l/O circuit. 

14. One or more computer-readable media storing instruc 
tions that When executed perform a method of implementing 
a game, the method comprising: 
making available the result of at least one gaming function 

prior to a request for the result; 
executing at least one gaming function; 
providing a result of at least one gaming function; 
requesting execution of at least one gaming function; and 
receiving the result of at least one gaming function, 

Wherein the result is based on at least one result of a ?rst 
at least one gaming function made available prior to a 
request for execution of the ?rst at least one gaming 
function. 

15. A system for implementing a gaming, the system com 
prising: 

a gaming engine comprising a ?rst netWork interface 
coupled to a netWork; 

gaming engine softWare, executing in the gaming engine, 
Which 
(a) executes a gaming function upon receiving a request 

over the netWork for execution of the gaming func 
tion; and 

(b) provides the result of a gaming function upon receiv 
ing a request over the netWork for the result of a 
gaming function a player interface unit comprising a 
second netWork interface coupled to the netWork; and 

player interface unit softWare, executing in the player inter 
face unit, Which 
(a) enables game play; 
(b) requests that the gaming engine execute a gaming 

function; and 
(c) receives the result of a gaming function. 

16. The system of claim 15, Wherein the gaming function 
includes at least one of random number generation, a veri? 
cation algorithm, a transform function, a public interface 
registry function, and a rule implemented via a rules library. 

17. The system of claim 15, Wherein providing the result of 
a gaming function comprises returning accumulated results to 
the player interface unit. 

18. The system of claim 15, Wherein the player interface 
unit comprises at least an output con?gured to communicate 
information to a player and an input con?gured to communi 
cate information from the player. 

19. The system of claim 18, Wherein game play is enabled 
via the input and output. 

20. The system of claim 15, Wherein requesting that the 
gaming engine execute a gaming function comprises trans 
mitting a player record to the gaming engine over the data bus, 
the player record comprising at least one of player-initiated 
events, data associated With player-initiated events, and state 
of the game. 

21. The system of claim 15, Wherein data communicated 
over the data bus is encrypted. 

22. A method of implementing a game, the method com 
prising: 

executing a ?rst gaming function upon receiving a request 
over a netWork for execution of the ?rst gaming func 
tion; 

providing the result of a second gaming function upon 
receiving a request over the netWork for the result of a 
second gaming function; 

enabling game play; 
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requesting execution of a third gaming function; and 
receiving the result of a fourth gaming function. 
23. The method of claim 22, Wherein the at least one of the 

?rst, second, third, or fourth gaming function are the same 
gaming function. 

24. The method of claim 22, Wherein providing a result of 
a second gaming function comprises providing the result for 
further processing. 

25. The method of claim 22, Wherein providing a result of 
a second gaming function comprises altering a display of a 
player interface unit. 

26. The method of claim 22, Wherein game play is enabled 
via an input and an output of a player interface unit. 

27. A system for implementing a game, the system com 
prising: 

means for executing a ?rst gaming function upon receiving 
a request over a netWork for execution of the ?rst gaming 

function; 
means for providing the result of a second gaming function 
upon receiving a request over the netWork for the result 
of a second gaming function; 

means for enabling game play; 
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means for requesting execution of a third gaming function; 
and 

means for receiving the result of a fourth gaming function. 
28. The system of claim 27, Wherein the means for execut 

ing comprises a main control circuit, the means for providing 
comprises a netWork interface circuit, the means for enabling 
game play comprises a player unit interface, the means for 
requesting comprises a netWork l/O circuit, or the means for 
receiving comprises a netWork l/O circuit. 

29. One or more computer-readable media storing instruc 
tions that When executed perform a method of implementing 
a game, the method comprising: 

executing a ?rst gaming function upon receiving a request 
over a netWork for execution of the ?rst gaming func 
tion; 

providing the result of a second gaming function upon 
receiving a request over the netWork for the result of a 
second gaming function; 

enabling game play; 
requesting execution of a third gaming function; and 
receiving the result of a fourth gaming function. 

* * * * * 


