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1
ELECTRONIC FOOTBALL GAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to games. More particularly,
the present invention relates to a football game implemented
on a digital computer that allows a player to play either
against another player at a remote location or against the
computer alone.

2. Description of the Prior Art

A superscalar computer system comprising a plurality
processors and a bus system is illustrated in FIG. 1. The
computer system 10 comprises a plurality of processors 12,
13, and 17. The processors are divided into two groups, the
master processors 12, 13, and 17, and the slave processors
18,20, 22, 24. Devices which access data from other devices
(ie., the CPUs 12-1 to 12-2, their associated cache memo-
ries 13-1 to 13-2, and the network I/O adapter 17) are
referred to as “masters.” In general, the master processors
12, 13, and 17 communicate to the slave processors 18, 20,
22, 24 particular commands to be carried out. Data is
exchanged between the masters and slaves in response to
these commands. For example, the master processors 12,13,
17 generate write commands for writing particular data into
particular slave processors 18, 20, 22, 24. The master
processors 12, 13, 17 also generate read commands for
reading data from particular slave processors 18, 20, 22, 24.
As shown in FIG. 1, a master processor may be a CPU 12,
a cache memory 13, or an network I/O adapter 17. A slave
processor is typically a memory such as a main memory 18,
disk memory 20, or a peripheral device such as a modem 22
or monitor 24. There may be a plurality of both master
processors and slave processors in the computer system 10.

The main memory 18 is for storing data and is typically
formed by one or more dynamic random access memory
integrated circuits (DRAMs). Such DRAM main memories
18 are relatively inexpensive. The main memory 18 typically
has a memory array of storage locations. Each storage
location can store a data word of a fixed length, e.g., eight
bit long or byte long data words. Each storage location has
a unique identifier which is used in data access, i.e., read and
write, commands for specifying the particular storage loca-
tion from which data should be read or into which data
should be written. Illustratively, the storage locations are
further organized into data line storage locations for storing
fixed length (e.g., thirty-two byte long), non-overlapping,
contiguous blocks of data called data lines. Each data line
storage location has a unique line address similar to the
aforementioned addresses for specifying a particular data
line storage location to read a data line from or to write a
data line into.

The master and slave processors are interconnected by a
system bus 16. The system bus 16 is for transferring
information in the form of data, addresses and commands
between processors. The various processors include CPUs
12-1 to 12-2, their associated cache memories 13-1 to 13-2,
the main memory 18, and the network I/O adapter 17,
connected thereto. The system bus 16 can be viewed as
comprising a set of wires. The system bus 16 is a shared
resource, each of the processors attempt to utilize the system
bus at one time or another for purposes of transferring data,
addresses or commands. Sometimes, more than one proces-
sor contends to utilize the system bus 16 at the same time.
However, only a limited number of processors illustratively
can utilize the system bus 16 at one time. To resolve this
contention, the computer system 10 is provided with an
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2

elaborate arbitration protocol for allocating the system bus
16, in a fair and orderly manner, to each processor contend-
ing to use it.

The CPU processors 12-1 to 12-2 are for executing
program instructions. Examples of instructions are: arith-
metic or logical operations on data; program flow control
instructions for ordering the execution of other instructions;
and memory access commands. In the course of executing
these instructions, the processors 12-1 to 12-2 may issue
data access, i.e., data read and data write, commands. The
program instructions themselves are stored as data in the
shared memory 18.

The cache memories 13-1 to 13-2 are small, high speed
memories for maintaining a duplicate copy of data stored in
the shared main memory 18. Cache memories are typically
formed by high speed static random access memory inte-
grated circuits (SRAMSs). The cache memory may also be
part of the integrated circuit of the CPU 12. As cache
memory is considerably more expensive than the slower
main memory, the size of cache memory is typically much
smaller than the amount of main memory 18. Despite their
relatively small size in comparison to the main memory 18,
the cache memories dramatically reduce the need to access
data from the main memory 18. This is because cache
memories 13-1 to 13-2 exploit temporal and spatial locality
of reference properties of processor data accesses. Temporal
locality of reference is the tendency of processors 12-1 to
12-2 to access the same data over and over again. The
temporal property arises from program flow control instruc-
tions such as loops, branches and subroutines which cause
the processors 11-1 to 11-2 to repeat execution of certain
recently executed instructions. Spatial locality of reference
refers to the tendency of processors to access data having
addresses near the addresses of other recently accessed data.
The spatial property arises from the sequential nature of
program instruction execution, i.e., the processor tends to
execute instructions in the sequential order in which they are
stored as data. In order to exploit this property, cache
memories typically store an entire data line corresponding to
arecently accessed data line. In addition, memory references
to non-instruction data tend to be localized to a lesser
degree. Non-instruction data tend to be stored in tables,
arrays and frequently accessed variables. Thus, the CPUs 12
tend to access repeatedly the data stored in the same locali-
ties in memory. Consequently, the likelihood increases that
the cache memories 13-1 to 13-2 can satisfy future accesses
to data not yet accessed (assuming that future accesses will
be to other data corresponding to the data lines already
stored in the cache memories 13-1 to 13-2).

The cache memories 13-1 to 13-2 work as follows. When
the corresponding processor, e.g., the processor 12-1, issues
a data access command, the associated cache memory 13-1
determines if it contains the particular data. If so, a read or
write (depending upon whether the processor issued a read
or write command) “hit” is said to occur and the cache
memory 13-1 satisfies the processor data access using the
copy of the data within the cache memory. If the cache
memory 13-1 does not contain the designated data, a read or
write “miss” is said to occur. In the event of a read or write
miss, the cache memory 13-1 issues a command for reading
or writing the data line corresponding to the designated
address from or to the main memory 18, respectively via the
system bus 16. In the case of a read or write miss, the cache
memory 13-1 issues a read command (including the par-
ticular address of the data) to the main memory 18 via the
system bus 16. In response to receiving the read command,
the main memory 18 retrieves the data stored therein at the
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particular address and transfers this retrieved data via the
system bus 16 to the cache memory 13-1. The cache memory
13-1 stores the data transferred from the main memory 18
and then continues as if the data were already present in the
cache memory 13-1.

Cache memories 13-1 to 13-2 must maintain the consis-
tency of the data in the main memory 18. That is, while a
cache memory 13-1 to 13-2 may modify its copy of the data,
the counterpart copy of the cache memory’s data in the main
memory 18 must invariably be accordingly modified.
According to one memory-consistent manner of operating a
cache memory (e.g., the cache memory 13-1) called “write
through,” the cache memory 13-1 immediately attempts to
update the counterpart copy in the main memory 18 when-
ever the processor 12-1 modifies the cache memory’s copy
of the data. The write through manner of operating the cache
memory is disadvantageous because the cache memory 13-1
must continually use the system bus 16 to issue write
commands and sent data to the main memory 18 each time
the associated processor 12-1 modifies the data.

In order to reduce the demands on the relatively slow
main memory 18 and system bus 16, the cache memories
13-1 to 13-2 operate in a manner called “write back.”
According to this manner of operation, each cache memory
13-1 to 13-2 defers updating or writing back the modified
data line until a later time. For instance, if the cache memory,
e.g., the cache memory 13-1, runs out of storage space, the
cache memory 13-1 may write back a modified data line to
provide an available storage space for an incoming data line.
Alternatively, the cache memory 13-1 may “snoop” the
system bus 16 waiting for another processor to attempt to
read a particular data line. When such an attempt occurs, the
cache memory 13-1 will then write back its modified data
line so that the other device will receive the updated version
of the particular data line.

Another method to maintain the consistency of the data in
the main memory 18 amongst all of the cache memories
13-1 to 13-2 includes the use of an elaborate arbitration
protocol for “claiming ownership” in data lines. A cache
memory which successfully “claims ownership” in a data
line has priority to modify the data therein. Otherwise, the
cache memory is not permitted to modify the data line.

The maintenance of data consistency is handled by vari-
ous “agents” that “snoop” and “snarf” the data. Typical
agents include a “write back agent”, a “memory subsystem
agent” and one or more “snarf agents.” A “write back agent”
is a device, such as the cache memory 13-2, which writes
back a modified data line. A “memory subsystem agent” is
a device, such as the main memory 18, in which the integrity
of the data must be maintained. A “snarfing agent” is a
device, such as the cache memory 13-1, which has been
snooping the system bus 16 to look for attempts to claim
ownership in the particular data line. When the write back
agent (cache memory 13-2) writes back the data line to the
memory subsystem agent (main memory 18), the snarfing
agent (cache memory 13-1) snarfs (intercepts a copy of) the
data. This memory reflection scheme requires approximately
one half of the time of the non-snarfing process. Moreover,
the memory reflection scheme utilizes only one data transfer
on the system bus 16 to transfer data to the destinations
contemporaneously.

A simpler (non-superscalar) computer system 10' is
shown in FIG. 2. The simpler computer system 10' is more
commonly known as a personal computer (PC) and of the
type found in many homes. Unlike the superscalar computer
system 10, the PC 10' comprises a single processor 12,
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which is a CPU, and no cache memory. Like the superscalar
system, the PC has various slave processors such as a main
memory 18, a disk memory 20, and a peripheral device such
as a modem 22 or monitor 24. All of these devices are
interconnected by system bus 16. Because the PC does not
comprise multiple master processors, the sophisticated pro-
tocols for handling multiple and simultaneous demands of
common memory lines are not necessary. Even so, multiple
PCs can be linked into a network such as the Internet. In the
home computing industry, such a link is established with the
aid of a modem in a PC 30 that is connected via a phone line
(not shown) to a first network server 32 as shown in FIG. 3.
The first network server 32 may be electrically connected by
wires 35 to another network server 34 which servers as the
network server for a second PC 36 as shown in FIG. 3. In
this way, a signal connection is established between the first
PC 30 and the second PC 36.

In the early days of computing, software programs were
serial in nature. The programs “flowed” from the beginning
to the end. The run command and specific parameters were
provided on the “command line” at the start of program
execution. Any branching within the program was the result
of data that was defined before the software program was
executed. Once executed, the software ran from the begin-
ning to the end with essentially no intervention by the user.
Serial software programs typically did not have user inter-
faces.

With the advent of the graphical-user paradigm and the
invention of the mouse, software programs were integrated
with the new interface mechanisms. Consequently, software
architecture changed from serial execution to “event”execu-
tion. “Events” occur, for example, when the user pushes a
button on the keyboard or clicks the mouse on an object on
the window. Software language compilers have been
adapted to accommodate events. These compilers make
“event-driven” programs. Examples of common event-
driven software compilers are VISUAL BASIC by the
Microsoft Corporation and DELPHI by Borland Interna-
tional Corporation. Both of these event-driven software
compilers create software programs which handle keyboard
and mouse events by the user and reflect the results of the
events immediately on the display monitor and, more
importantly, on corresponding parameters in RAM.

DELPHI provides links to “methods” which can be
invoked upon the occurrence of user events on objects on the
display monitor. The user triggers these methods upon
performing the event. The methods can contain code that can
perform certain functions. For example, a window object
can contain an edit field for an integer number. The user is
allowed to edit the number which triggers the “OnChange”
event for the edit field object. The program can include code
in the “OnChange” method to perform an update based upon
the new integer value in the edit field. In this example, such
an update may include changing a value in a memory
register in RAM, writing the new value to disk memory, or
performing a calculation and changing some other object in
the display monitor to reflect changes in the integer value or
the results of the calculation.

Common event-driven software compilers make useful
programs for typical PCs. However, the programs made by
these compilers are not expected to operate in a superscalar
computer system. Consequently, programs made by these
compilers do not recognize screen events from anyone other
than the user. While these software compilers make pro-
grams that easily manipulate parameters on the display
monitor and in random access memory (RAM) based upon
user inputs, the programs cannot be used effectively when a
remote operator is initiating an event.





















