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COMPUTER SYSTEM CAPABLE OF EXECUTING 
A REMOTE OPERATING SYSTEM 

RELATED APPLICATIONS 

[0001] The disclosed system and operating method are 
related to subject matter disclosed in the following co 
pending patent applications that are incorporated by refer 
ence herein in their entirety: (1) US. patent application Ser. 
No. xx/xxx,xxx, entitled “Emulator-Enabled Network Con 
nectivity to a Device”, attorney docket no. 1003.P002US. 
(2) US. patent application Ser. No. xx/xxx,xxx, entitled 
“Network to Computer Internal Interface”, attorney docket 
no. 1003.P003US. (3) US. patent application Ser. No. 
xx/xxx,xxx, entitled “Network Interface to a Video Device”, 
attorney docket no. 1003.P004US. (4) US. patent applica 
tion Ser. No. xx/xxx,xxx, entitled “Video Receiver/Recorder 
with Computer Interface”, attorney docket no. 
1003.P005US. (5) US. patent application Ser. No. xx/xxx, 
xxx, entitled “Transcoding Media System”, attorney docket 
no. 1003.P007US. (6) US. patent application Ser. No. 
xx/xxx,xxx, entitled “Communication Architecture Utilizing 
Emulator Interface”, attorney docket no. 1003.P008US. (7) 
US. patent application Ser. No. xx/xxx,xxx, entitled “Server 
in a Media System”, attorney docket no. 1003.P009US. 

BACKGROUND OF THE INVENTION 

[0002] Diskless boot enables a computer to operate with 
out a local disk drive. The diskless computer connects to a 
storage element that contains a bootable image over a 
network and bootstrap loads an operating system from the 
remotely-located storage element. In many applications, 
elimination of the local disk drive has several advantages. 
Diskless technology enables central management of mul 
tiple network computers, forming redundant network struc 
tures and facilitating dynamic allocation of storage resources 
and backup procedures, while reducing costs. 

[0003] A small number of diskless computer system tech 
nologies have been developed. One implementation is based 
on a Fibre Channel communication technology that is highly 
expensive and infrequently used in comparison to ubiquitous 
standard Internet Protocol (IP) systems. 

[0004] Another implementation is Etherboot, a software 
package for creating ROM images that can download 
executable code over an Ethernet network to be executed on 
an X86 computer. A client system obtains the location of a 
target device and downloads a root ?le system and operating 
system kernel using a Trivial File Transfer Protocol (TFTP), 
then executes the kernel. A drawback to Etherboot is that a 
TFTP server is required on the local network and changes to 
images acquired via TFTP cannot be saved. 

[0005] In another implementation, iBootTM using iSCSITM 
protocol that encapsulates standard Small Computer System 
Interface (SCSI) commands for usage to communicate with 
disks via transmission over common IP networks. A draw 
back to iBootTM is that the special iSCSI standard is 
required, limiting applicability to systems with a particular 
SCSI bus type. 

SUMMARY OF THE INVENTION 

[0006] In accordance with some of the disclosed embodi 
ments, a computer system comprises a processor and an 
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emulator coupled to the processor and having an external 
interface capable of communicating information to a net 
work. The emulator emulates a bootable disc drive and 
supplies a bootable operating system to the processor from 
the network. 

[0007] In accordance with other embodiments of the dis 
closed system, a computer system comprises a processor, an 
emulation controller coupled to the processor, a network 
controller coupled to the emulation controller and capable of 
coupling to an external network, and a storage. The storage 
holds an instruction sequence that is executable on the 
emulation controller. The instruction sequence comprises a 
code for receiving a information from the external network 
and supplying a bootable operating system from the external 
network to the processor for execution. 

[0008] In accordance with other disclosed examples, a 
computer system comprises a processor, an interface 
coupled to the processor, a network controller coupled to the 
interface and capable of coupling to an external network, 
and an emulation controller coupling the network controller 
to the interface. The emulation controller emulates a virtual 
disc by converting read and write requests directed to a disc 
into network communication packets. 

[0009] In accordance with aspects of some embodiments, 
a method of operating a computer system comprises acti 
vating a processor, searching for a bootable device, emulat 
ing the bootable device, and communicating with a remote 
source via a network. The network supplies a bootable 
operating system from the remote source and the processor 
executes the bootable operating system. 

[0010] In accordance with some embodiments, a computer 
system comprises a server, one or more of bootable operat 
ing system images stored on the server. The computer 
system further comprises a local system including a proces 
sor, an interface coupled to the processor, and an emulator 
coupled to the interface and having an external interface 
capable of intercommunicating information with the server. 
The emulator emulates a bootable disc drive and supplying 
a selected bootable operating system to the processor from 
the server. 

[0011] In accordance with some systems, a computer 
system comprises a server, a plurality of bootable operating 
system images stored on the server, and an interactive 
program executable on the server for selecting a bootable 
operating system image. The server can also include a 
communication program capable of retrieving a selected 
bootable operating system image and transferring the boot 
able operating system image to a client computer. The client 
computer can include a processor, a disc interface, and an 
emulator with a network controller that receives the bootable 
operating system image and communicates the bootable 
operating system image to the processor for execution over 
the interface. 

[0012] In some embodiments, software on the processor 
executes in conjunction with the emulator to communicate 
with an external device, for example an external computer, 
or a remote device via a network. The emulator emulates a 

storage device such as a hard disk drive, a CD-ROM drive, 
or other types of drives so that information communicated 
from the external device is received and, if necessary, 
transcoded for usage by the processor. Typically the proces 
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sor has a bus and the emulator is coupled to the bus. The 
emulator emulates a storage device so that information from 
an external device is read or Written by the processor in the 
manner of a storage device access. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The features of the described embodiments 
believed to be novel are speci?cally set forth in the appended 
claims. HoWever, embodiments of the invention relating to 
both structure and method of operation, may best be under 
stood by referring to the folloWing description and accom 
panying draWings. 

[0014] FIG. 1 is a schematic block diagram illustrating an 
example of a diskless computer system that is capable of 
executing a variety of operating systems obtained from a 
remote source. 

[0015] FIG. 2 is a schematic block diagram that illustrates 
an example of a suitable emulator interface for connecting a 
device or bus to a netWork. 

[0016] FIG. 3 is a detailed system block diagram shoWing 
an example of a device that utiliZes an emulator interface. 

[0017] FIG. 4 is a detailed block diagram that depicts 
functional blocks of an emulation circuit that is suitable for 
usage in the emulator interface of FIGS. 2 and/or 3. 

[0018] FIG. 5 is a component diagram shoWing various 
system, hardWare, and softWare components of a server for 
usage With an emulator interface. 

[0019] FIG. 6 is a use case diagram that illustrates func 
tionality of an audiovisual system that uses an emulator 
interface. 

[0020] FIG. 7 is a use case diagram that illustrates func 
tionality of an audiovisual system that uses an alternative 
embodiment of an emulator interface. 

[0021] FIG. 8 is a detailed state diagram illustrating an 
example of functionality of a suitable emulator. 

[0022] FIG. 9 is a schematic block diagram shoWing one 
example of an audiovisual system that includes emulation. 

[0023] FIG. 10 is a schematic block diagram illustrating 
another implementation of an audio-visual system that 
includes emulation to extend rendering functionality. 

[0024] FIG. 11 is a schematic mixed block and pictorial 
diagram that depicts an example of an application for an 
emulator. 

[0025] FIG. 12 is a schematic block diagram shoWing 
various connections that can be made betWeen an emulator 
and a communication system that includes a source, a sink, 
and a pathWay for communicating from the source to the 
sink. 

[0026] FIG. 13 is a schematic block diagram illustrating 
an information hallWay application of an emulator that is 
con?gured to function as part of a cable/DSL gateWay. 

[0027] FIG. 14 is a schematic block diagram shoWing an 
example of a multiple-media receiver/recorder comprising 
an emulator that functions as an input selector or media 
sWitch. 
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DETAILED DESCRIPTION 

[0028] What is desired is an inexpensive, ?exible technol 
ogy that enables netWork interfacing With a Wide variety of 
systems and devices Without special communication tech 
nology, buses, or transfer protocols. 

[0029] A computer system including an emulator is 
capable of executing an operating system communicated 
from a remote device. The emulator may be installed on a 
computer such as a personal computer and can boot any 
operating system available on a netWork. The computer 
system retrieves a boot image from the netWork that is 
delivered in a manner of receipt from a local drive, typically 
even at the BIOS and loWest operating system level. 

[0030] In some embodiments, a diskless computer has an 
interface With netWork connectivity so that softWare includ 
ing bootstrap loading images are accessed remotely. The 
diskless computer attains internet connectivity Without use 
of special operating system extensions. The standard system 
hard drive is replaced using emulation of signals from 
netWork. Disc emulation replaces hard drive completely, 
using a chip plus a netWork connection to PC, or augments 
local storage in device With over?oW storage via the netWork 
connection. In an alternative embodiment, a diskless Work 
station runs a standard operating system, accessed remotely. 
A server retrieves boot image from the netWork but is 
delivered in a manner indistinguishable from receipt from a 
local drive, even at the BIOS and loWest OS level. 

[0031] Referring to FIG. 1, a schematic block diagram 
illustrates an example of a diskless computer system 100 
that is capable of executing a variety of operating systems 
obtained from a remote source. The diskless computer 
system 100 includes a processor 102 and an emulator 110, 
both coupled to a bus 114. The processor 114 accesses 
executable program code from a remote source via the 
emulator 110 rather than from a storage element inside the 
diskless computer system 100. In the illustrative system, the 
diskless computer system 100 couples through the emulator 
to a netWork 112 that can communicate With multiple 
operating system sources such as remote systems 120, 122, 
and remote storage elements 130, 132. The remote systems 
120, 122 can be computer systems, servers, Work stations, 
additional netWorks, or any entity that can supply executable 
program code, applications, and operating systems. The 
remote storage elements 130, 132 can be databases, storage 
libraries, disc drives, optical drives, or any storage facility 
that can store executable program code, applications, and 
operating systems. 
[0032] The emulator 110 can emulate a virtual disc by 
converting read and Write requests directed to a disc into 
netWork communication packets. 

[0033] The processor 102 can be any suitable processor, 
microprocessor, controller, microcontroller, central process 
ing unit, digital signal processor, state machine, or the like. 
The bus 114 can be may be a nonstandard bus or may be one 
or more of several various standard, typically parallel, buses 
from among Integrated Device Electronics (IDE), audio/ 
visual (A/V), advanced technology attachment packet inter 
face (ATAPI), Small Computer Systems Interface (SCSI), 
Programmable Communications Interface (PCI), or other 
buses. 

[0034] The computer system 100 operates by activating 
the processor 102, Which searches for a bootable device. The 
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emulator 110 responds by emulating the bootable device and 
communicating With a remote source via a netWork 112. The 
netWork 112 supplies a bootable operating system from the 
remote source and the processor executes the bootable 
operating system. 

[0035] The term “diskless computer system” refers to the 
capability of the system to execute an operating system 
Without accessing executable operating system and applica 
tions program code from a storage element inside the 
computer system, but rather accesses the executable code 
from a remote source. Accordingly, a computer system that 
includes an internal disc drive can operate in a diskless mode 
if the operating system is accessed from a remote source. 

[0036] Aremote system 120, 122 can include a server, one 
or more bootable operating system images stored on the 
server, and an interactive program executable on the server 
for selecting a bootable operating system image. The server 
can also include a communication program capable of 
retrieving a selected bootable operating system image and 
transferring the bootable operating system image to a client 
computer. 

[0037] The diskless computer system 100 can be imple 
mented in a Wide variety of products including, for example, 
computers, Work-stations, laptop computers, calculators, 
palm computers, personal digital assistants (PDAs), mobile 
telephones, point-of-sale terminals, product dispenser sys 
tems, printers, copiers, facsimile machines, fuel pumps, 
automotive controllers, and other control devices and infor 
mation storage, retrieval, and display devices. For example, 
the diskless computer system 100 can be implemented in a 
printer that receives executable program code via either 
Wireless or Wired links. A Wireless printer can doWnload 
operational softWare and fonts from a netWork by Wireless 
communication With the particular operating softWare deter 
mined by the particular printer model from a remote data 
base that contains particular drivers for a Wide variety of 
printers. 

[0038] In many applications, the diskless computer system 
100 can boot a computer more rapidly than a local magnetic 
or optical storage drive because delays in spinning up disks 
is avoided. 

[0039] Referring to FIG. 2, a schematic block diagram 
illustrates an example of a suitable emulator interface 200 
for connecting a device 202 or bus 204 to a netWork 206. 
The illustrative emulator interface 200 comprises an inter 
face controller 210 that is capable of coupling the emulator 
interface 200 to the device 202 or bus 204, an netWork 
controller 212 that is capable of coupling the emulator 
interface 200 to the netWork 206, and a processor 214. The 
processor 214 is capable of executing various processes, 
methods, or programs to transfer information betWeen the 
netWork 206 and the device 202 or bus 204 and to perform 
a Wide variety of other functions. The emulator interface 200 
may include other optional functional blocks such as a 
volatile memory 216 and nonvolatile memory 218 that may 
be coupled to the interface controller 210. The volatile 
memory 216, for example synchronous dynamic random 
access memory (SDRAM), may be used to store information 
such as temporary control information, transferring data in 
various formats, and others. The nonvolatile memory 218, 
for example a bootstrap read-only memory (ROM), may be 
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used to store executable function code such as a bootstrap 
load program and other operational functions, and operating 
parameters. 

[0040] A netWork connector 220, for example a R145 
connector, can couple the netWork controller 212 to the 
netWork 206. 

[0041] The interface controller 210 can also support addi 
tional communication links. In the illustrative example, the 
interface controller 210 has a radio frequency communica 
tion link 222 and a universal serial bus (USB) link 224. 

[0042] The emulator interface 200 integrates netWork 
communication capabilities into a device 202 or into a 
system that utiliZes the bus 204. In various embodiments, the 
emulator interface 200 can support 10/100 Ethernet media 
access control (MAC) protocol, serial ports, parallel ports, 
memory controllers, direct memory access (DMA), and 
parallel I/O. In some examples, the emulator interface 200 
can interface With other processors, devices or components 
via a register interface or shared RAM interface. 

[0043] The processor 214 can be any suitable processor, 
microprocessor, controller, microcontroller, central process 
ing unit, digital signal processor, state machine, or the like. 
One example of a suitable processor is a chip-internal 
Reduced Instruction Set Computer (RISC) such as a selected 
member (for example, ARM7, ARM9, ARM9E, ARM10) of 
the Advanced RISC Machines (ARM) from Advanced RISC 
Machines (ARM) Ltd., Cambridge, UK. The ARM7 pro 
cessor includes a RISC stand-alone core, instruction/data 

cache, Write buffer, and pre-fetch control (none shoWn) and 
has an internal bus structure that enables program execution 
from cache While the internal bus is performing DMA data 
transfer operations to efficiently handle communication 
operations. 
[0044] In some embodiments, the NetWork controller 212 
has tWo modules, and netWork front end (not shoWn) and a 
media access control (MAC) module (not shoWn), for 
example for both 10 and 100 Mbit applications. The netWork 
front end maintains the MAC interface and includes transmit 
and receive ?rst-in-?rst-out (FIFO) buffers, DMA interface 
logic, and control/status registers for MAC, transmitter, and 
receiver. In one example, the transmit FIFO and receive 
FIFO have capacities of 128 bytes and 2048 bytes, respec 
tively. The transmit FIFO alloWs a portion of the transmit 
buffer to remain on the FIFO While collisions occur on the 
netWork medium, avoiding multiple buffer fetches from 
memory. The receive FIFO is large to alloW an entire frame 
to be received and Wait in the FIFO during byte count 
analysis to determine an optimum buffer description for 
DMA transfer. 

[0045] The MAC module interfaces betWeen the netWork 
front end and I/O pins, and supports ENDEC (10 Mbit) and 
Media Independent Interfaces (MII) under ?rmWare control. 
Functions performed by the MAC module include 100 Mbit 
Ethernet MAC, MII management function, address ?ltering, 
statistics gathering, and an optional 100 Mbit physical 
coding layer. 

[0046] The interface controller 210 supplies an interface 
betWeen the emulator interface 200 and a device 202 or bus 
204, supporting one or more of ?ve interface types, for 
example including an IEEE 1284 host port, a 16-bit shared 
RAM interface, an 8-bit shared RAM interface, a 16-bit 
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FIFO interface, and an 8-bit FIFO interface. The IEEE 1284 
mode supports commercial network printer server applica 
tions as a bridge betWeen a local area network (LAN) and up 
to four external devices using the 1284 Parallel Port inter 
face. The shared memory interface supplies up to 64K of 
shared RAM betWeen the emulator interface 200 and a bus 
204. The FIFO interface supplies a data streaming FIFO 
interface betWeen the emulator interface 200 and the bus 204 
or device 202. In an illustrative example, the FIFO interface 
supports tWo 32-bit FIFOs, one for each data direction. 

[0047] The interface controller 210 contains a functional 
element that operates as a memory controller (not shoWn) to 
interface to memory devices such as ?ash, static Random 
Access Memory (RAM), dynamic RAM (DRAM), 
EEPROM, and others. The memory controller functions in 
cooperation With a bus controller (not shoWn) to transfer 
data betWeen the bus 204 and a memory. The memory 
controller typically supports various types of DRAM includ 
ing fast page mode (FD) DRAM, synchronous DRAM 
(SDRAM), and EDO DRAM. Generally a single application 
utiliZes the same style of DRAM. 

[0048] The interface controller 210 may include a bus 
controller (not shoWn) that moves data to and from the bus 
204. In some embodiments, the bus controller supports 
dynamic bus siZing for selected logical addresses. The bus 
controller can perform system bus arbitration for interfaces 
With an external bus master or CPU. The bus controller 
operates in conjunction With the memory controller to access 
devices 202 using the bus 204. 

[0049] In some embodiments, the interface controller 210 
may also support a serial controller (not shoWn). For 
example, the interface controller 210 may include tWo 
independent universal asynchronous/synchronous receiver/ 
transmitter (UART) channels, each With a programmable 
bit-rate generator. The UARTs realiZe relatively loW-speed 
information transfer betWeen the emulator interface 200 and 
a device 202 using a standard protocol. 

[0050] In some embodiments, the serial controller of the 
interface controller 210 can support a High Level Data Link 
Control (HDLC) protocol that forms a data link layer for 
Wide area netWorking models such as Frame Relay, 
ISDN, and SDLC. In the HDLC mode, the interface con 
troller 210 uses a Zero insertion/deletion “bit-stuffing” pro 
tocol to transmit layer 2 data frames over point-to-point 
links, broadcast netWorks, packet netWorks, or circuit sWitch 
netWorks With CRC ?eld error detection. 

[0051] In some embodiments, the serial controller of the 
interface controller 210 can support a Serial Peripheral 
Interface (SPI) protocol that de?nes a full-duplex, synchro 
nous, character-oriented data channel betWeen master and 
slave devices using a four-Wire interface. The master inter 
face operates in broadcast mode With the slave interface 
activated using a select signal. The SPI operation mode 
converts simple parallel/serial data to stream serial data 
betWeen memory and a peripheral. 

[0052] In various embodiments, the interface controller 
210 may also include one or more components including 
programmable timers With interrupt support, programmable 
bus-error timers, programmable Watch-dog timers, program 
mable parallel I/O ports With interrupt support, a system 
priority interrupt controller, and a controller for other mis 
cellaneous system control functions. 

Oct. 9, 2003 

[0053] Referring to FIG. 3, a detailed system diagram 
shoWs an example of a device 300 that utiliZes an emulator 
interface 306. In one example, the device 300 is a video 
player and/or recorder such as a Digital Versatile Disc 
(DVD) player or DVD player/recorder. The device 300 
comprises a content source 302, a content sink 304, and an 
emulator interface 306. The content source 302 supplies 
information or media content for presentation on the content 
sink 304. 

[0054] In some examples, the content source 302 can be an 
audio and/or video device subsystem such as a DVD drive, 
CD drive, or CD-ROM drive (CD-R, CD-R/W). In a speci?c 
example, the content source 302 may include an integrated 
DVD/CD digital signal processor (DSP), servo and block 
decoder With advanced error detection and correction 
schemes for improved playability. 

[0055] The content sink 304 is typically a device that 
processes the content for presentation, for example, a ren 
dering device. In one example, the content sink 304 can be 
an MPEG decoder that decodes audio and/or video content 
for display. In a particular example, the content sink 304 
may include an integrated DVD backend that combines an 
MPEG-2 video decoder; 24-bit audio digital signal proces 
sor (DSP); 32-bit reduced-instruction-set-computer (RISC) 
system CPU. The particular content sink 304 may further 
include an advanced 32-bit on-screen display (OSD) With 
hardWare 2D graphical user interface (GUI) acceleration for 
superior user-interface performance and quality; and PAL/ 
NTSC video encoder With a progressive scan option for 
high-de?nition TV (HDTV)-ready systems. Major audio 
features in the speci?c example include support for multi 
channel MPEG, Dolby Digital and Digital Theatre Systems 
(DTS), as Well as High De?nition Compatible Digital 
(HDCDTM) and MP3 decode, in addition to post processing 
functions such as karaoke and 3D sound. 

[0056] In the illustrative device 300, the content sink 304 
is coupled to a memory 330. The illustrative content sink 
304 comprises several functional blocks including a sink 
processor 332, a communications port 334 such as a serial 
port, and a display panel 336. The sink processor 332 can be 
any type of suitable processor, microprocessor, controller, 
microcontroller, digital signal processor, state machine, cen 
tral processing unit, or the like. The communications port 
334 may typically receive control signals from a communi 
cation device (not shoWn) such as a remote control unit. The 
display panel 336 typically includes various types of user 
interface controls such as an alpha-numeric pad, volume 
control buttons, sWitches, pads, joysticks, or other function 
selection keys. 
[0057] In the illustrative device 300, the content source 
302 communicates With the content sink 304 via a commu 
nication bus 338 that carries data signals, control signals, 
chip select signals, interrupt request signals, and the like. In 
various systems, the communication bus 338 may be a 
nonstandard bus or may be one or more of several various 

standard, typically parallel, buses from among Integrated 
Device Electronics (IDE), audio/visual (A/V), advanced 
technology attachment packet interface (ATAPI), Small 
Computer Systems Interface (SCSI), or other buses. In some 
embodiments, the communication bus 338 may be a physi 
cal interface to the media access control (MAC) module. 

[0058] The emulator interface 306 can be coupled to the 
communication bus 338 to communicate With a netWork and 
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send network information to the sink and/or source in a 
manner that emulates a source-sink interaction. Although 
terminology of content source 302 and content sink 304 
indicate a particular direction of content transfer, in various 
device implementations and/or interactions either the con 
tent source 302 or the content sink 304 may be an ultimate 
receiver of content. For example, a device 300, a DVD 
player, may include an MPEG decoder as a content sink 304, 
emulator interface 304 can manage content selection and 
communication direction so that either the content source 
302, for example a DVD drive, or an external netWork or 
device sources the content. In another example, a personal 
video recorder (PVR) or DVD recorder device 300 may 
have an MPEG encoder content source, a Writeable DVD 
drive or hard disk drive, that often operates as a content 
source, but may function as a content sink or renderer When 
the device 300 is in a recording mode. In the PVR or DVD 
recorder example, the content source 302 performs a net 
Work-attached storage function in Which the Writeable DVD 
or hard disk drive functions as a recordable drive or the 
DVD or hard disk drive storage can be omitted and content 
can be delivered to or from a computer or netWork. 

[0059] In the illustrative embodiment, the emulator inter 
face 306 comprises an emulator interface controller 310, a 
netWork controller 312, a processor 314, a memory 316, a 
serial bus interface 324, a content bus interface 340, and in 
some embodiments, processes executed on a processor such 
as a computer 342, host 350, or remote source 352. 

[0060] The processor 314 executes various processes, 
methods, or programs that control operations of the emulator 
interface controller 310 to transfer information betWeen a 
netWork external to the device 300 and the content source 
302 or communication bus 338 and to perform a Wide 
variety of other functions. The processor 314 can be any 
suitable processor, microprocessor, controller, microcontrol 
ler, central processing unit, digital signal processor, state 
machine, or the like. 

[0061] The emulator interface controller 310 is capable of 
coupling the emulator interface 306 to the device 300 or 
communication bus 338, and manages the generation and/or 
transmission of data signals, control signals, chip select, 
interrupt request signals, and the like. The emulator interface 
controller 310 may include a detection circuit for detecting 
presence of a communications port, such as an infrared (IR) 
or radio frequency (RF) port. In various examples, the 
detection circuit may comprise hardWare, softWare, ?rm 
Ware, or a combination. Upon determination that a commu 
nications port is present, the detection circuit then can 
determine Whether commands or control signals are issued 
from a remote device to the device 300 via the communi 
cations port. 

[0062] The emulator interface controller 310 may be 
implemented in any suitable technology such as a ?eld 
programmable gate array (FPGA), an integrated circuit, a 
discrete circuit, a programmable circuit, or any other type of 
circuit. 

[0063] The emulator interface controller 310 communi 
cates bi-directionally With the memory 316. 

[0064] The illustrative emulator interface controller 310 is 
also coupled to the netWork controller 312 that may be a 
local area netWork controller or other suitable netWork 
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controller. The netWork controller 312 forms an interface 
betWeen the device 300 and one or more netWorks, such as 
local area netWorks. The emulator interface controller 310 
may also be connected to a Wide area netWork, for example 
the internet, via a netWork connection 320, such as a Wide 
area netWork connection. The netWork connection 320 
facilitates operation of the device 300 With any computer 
netWork standard, for example With broadband and modem 
standards. In some embodiments, a computer 342, such as a 
host computer, Workstation, control terminal, and the like, 
may be connected to the device 300 via the netWork con 
troller 312. Alternatively, the computer 342 may be con 
nected to the device 300 via the netWork connection 320. 
The device 300 may be coupled via the netWork connection 
320 to a netWork that comprises a plurality of device 
subsystems, for example A/V device subsystems, and other 
media elements. Alternatively, the device 300 may retrieve 
information from one of the plurality of device subsystems. 

[0065] The content bus interface 340 enables the device 
300 to communicate With a variety of other devices and 
device types. For example, the content bus interface 340 
may enable connection to one or more of local area netWork 

(LAN) cards, a Universal Serial Bus (USB), an IEEE 1394 
standard compatible bus, an Audio/Visual (A/V) bus, a 
Small Systems Interconnect Bus (SCSI), a cable modem, a 
digital camera, a video camcorder, a Personal Digital Assis 
tant (PDA), or any other device that produces electronic 
signals. 

[0066] The serial bus interface 324 enables the device 300 
to interface With a variety of other devices and device types, 
for example, user interface devices such as a mouse, a 
keyboard, joystick, trackpad, or other input devices. Media 
elements from any devices coupled to the content bus 
interface 340, the serial bus interface 324, or any of the 
communication buses 338 may be retrieved or delivered to 
the content sink 304 to be processed, and then to be 
displayed. 

[0067] In some examples, data signals may communicate 
betWeen the content source 302 and the content sink 304. 
Data signals may also communicate betWeen the content 
source 302 and the emulator interface controller 310, or 
betWeen the content sink 304 and the emulator interface 
controller 310 via data lines of the communication bus 338. 
Control signals may also communicate betWeen the content 
source 302 and the emulator interface controller 310, or 
betWeen the content sink 304 and the emulator interface 
controller 310 via control lines of the communication bus 
338. Various other control signals and interrupt request 
signals may communicate bi-directionally betWeen the con 
tent source 302 and emulator interface controller 310, or 
betWeen the content sink 304 and the emulator interface 
controller 310. 

[0068] Media content may be stored on the content source 
302, for example an optical disc drive (DVD or CD type), in 
a computer such as a host computer 350 or a computer at a 
remote netWork site 352. In one transaction example, the 
sink processor 332 of the content sink 304 receives content 
located on either of the content source 302, the host com 
puter 350, or on a remote netWork site 352 under control of 
the emulator interface 306. The received data may be 
completely or partially processed, or unprocessed, before 
transmission to the content sink 304. In a speci?c class of 






























